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In alliance with the global research community

Dear Reader,

Thethree greatest challenges facing our societytodayareto find
asecure, climate-neutral supply of energy, to provide an afford-
able way of maintaining health for a population that is growing
olderandolder, and to preserve an environmentin sound work-
ing orderto pass on to our descendants.

Scientists around the world are developing novel industrial
processes andinnovative instruments and materials, as well as
new drugs, to help achieve these goals, butwe can only purpose-
fully look forinnovation if we already have a good fundamental
understanding of the underlying processes involved. This is
where basic research comes in. For example, we need to under-
stand the processes associated with disease in an organism
before we can develop effective drugs to combat it, which have
minimal side effects.

However, basic research is not simply a systematic precursorto
applied research. It should rather be regarded as a knowledge-
oriented, free-ranging form of research, focusing on the sheer
acquisition of knowledge. Pure research means following our
own curiosity, with the sole aim of contributing to ourunderstand-
ing of the world around us.

Atthe PaulScherrerInstitute, we carry out both fundamentaland
applied research. In order to do this, we design, develop, con-
struct and operate world-class, large-scale, complex research
facilities, and make them available to the Swiss and interna-
tional research community. Why?

Many problemsin physics, chemistry, biology and the materials
sciences can only be solved by carrying out experiments on
large-scaleresearch facilities, of a type that cannot be operated
by university departments themselves. At PSI, we have three
unique, large facilities on the same campus: the SINQ neutron
spallation source and the SuS muon source, which are both

powered by a proton accelerator, together with the Swiss Light

Source SLS. About 2000 researchers from Switzerland and many
othercountriestake the opportunity of carrying out experiments
here everyyear, whichiswhywealso call PSla “UserLaboratory”.

User Laboratory worthy of a Nobel Prize

Venkatraman Ramakrishnan from the MRC Laboratory of Mo-
lecularBiologyin Cambridge, UK, has been taking measurements
regularly at PSl since 2003. Three of the important publications
thatled the Nobel Prize Committee to award the 2009 Nobel Prize
for chemistry to Ramakrishnan — together with two colleagues
—were based on measurements he obtained atthe SLS, and on
experiments atother synchrotron facilities. Ramakrishnan is just
one of many who are happy to return repeatedly to PSI. In fact,
1225 applications were made formeasurementtimein 2009, but
only about a half of these could be accepted because of capac-
ity constraints. The quality of the facilities, the variety of tech-
niques on offer and the support provided by our experts are all

crucial reasons why scientists choose our establishment.

SwissFEL —an important contribution to
Switzerland as a research location

PSlis currently carrying out intensive research into a new large-
scale facility. This will be available to scientists from 2016 and
willmake it possible to carry out hitherto impossible experiments.
The large “Swiss X-Ray Free-Electron Laser” project — abbrevi-
ated to SwissFEL — will help to secure Switzerland’s future as a
world-class research location.

Ourspecialists are now using the expertise they acquired at the
facilities operating today to develop a facility that is techno-




4 “Swiss universities make intensive use

of PSI's large-scale facilities. Long-term,
close collaboration based on mutual
trust is vital for ensuring that a research
activity is a success for both sides.”

Foreword

logically unique and will set new international standards. Sci-
entists at PS| have generated new ideas to make the SwissFEL
more compact and more economical than the other three X-ray
lasers in the world; of these, one has already been in operation
since 2009, inthe USA, while the othertwo —onein Europe and
oneinJapan — are currently still under construction.

The SwissFEL is a national Swiss facility that is strongly oriented
towards the research interests and experiences of the Swiss
universities and Swiss industry, and takes into consideration
their strategic research plans. Thus, the summary of potential
scientific applications of the SwissFEL has been compiled in
close collaboration with approximately 25 university research
groups. At the same time, PSl is also making an important con-

tribution to the continuing competitiveness of Swiss industry.

Joint professorships with universities

Swiss universities make intensive use of PSI’s large-scale facili-
ties. Long-term, close collaboration based on mutual trust is
vital for ensuring that a research activity is a success for both
sides. Joint university professorships have proved to be one
usefulinstrument forstrengthening the framework for such col-
laboration.

Thereis a long tradition of PSI staff lecturing at the universities,
and we have pursued this form of co-operation even more as-
siduously since the autumn of 2008. In joint selection panels,
we look for ideal candidates from the universities and PSI who
are not only performing top-level research and feel at home do-
ingacademicteaching, but can also take on the required role of
bridge-builder between the universities, PSI and their specific
research environment.

At PSI, we act strategically when we select research areas for
joint professorships, in that we aim for a close link between
important key areas in our own research activities and those of

the partner universities. Therefore, in 2009 we appointed and

implemented five full, and two associate, professorships with
the two Swiss Federal Institutes of Technology (ETH Zurich and
EPF Lausanne) and the University of Bern, in the research fields
of solid-state physics, particle physics, structural biology, radio
chemistry, radiopharmaceuticaltechnology and heterogeneous
catalysis.

In 20009, a total of 44 scientists from PSl acted as full, associate
or honorary professors, or lecturers. Most of this activity took
place at ETHZ and EPFL, but PSl staff also lectured at the Univer-
sities of Zurich, Basel, Bern, Geneva, Groningen, Tiibingen and
Freiburg im Breisgau, as well as at the University of Applied Sci-
ences Northwestern Switzerland. About 40 additional PSl scien-
tists also undertook lecturing assignments at various other in-
stitutions of higher education.

Fruitfulinteraction between universities and research institutes
canonly be established on a long-term basis if both sides ben-
efit from the co-operation. The high scientific quality of the re-
search performed at PSl is an important argument in favour of
collaboration as far as the Swiss Federal Institutes of Technol-
ogy, the universities and the universities of applied sciences are
concerned. Just as important is the fact that the large facilities
and methods at PSI complement the research opportunities
available in the universities’ own laboratories. For PSI, joint
professorships offer an opportunity to become more actively
integrated into Switzerland’s academic system. And through
being part of the lecturing structure, the Institute also has a
chance of enthusing the best students, at an early stage, in its
ownresearch fields, and providing them with systematic support.
Ifyourreading ofthis Scientific Reporthas madeyouwantto learn

more about us, please visit our new website at: www.psi.ch.

£ %;

Professor Dr. Joél Mesot
Director, Paul Scherrer Institute







SwissFEL

8 SwissFEL — Project
overview and
new developments

4 Christopher Gough at the
SwissFEL Gun Test Stand.

The next large facility to be built at PSI, an X-ray free-electron laser,
hasanewname: “SwissFEL”. Thisreplaces the formername, PSI-XFEL,
stillused in lastyear’s PSI Scientific Report. The name change has a
twofold motivation: firstly, it marks the transition from an R&D-
dominated phase to a project preparation phase; and secondly, it
emphasizes that this next major research facility, though located at
PSI, provides extraordinary research opportunities for the research
community all over Switzerland and beyond. SwissFELis an essential
part of PSI’s strategic focus, which will attract top scientists from all
overthe world and further enhance PSI’s acknowledged position as
aworld-class research institute.

The projectis progressing very well and, based on the SwissFEL Sci-
ence Workshop Series and with input from the PSI Departments and
several review committees, the Scientific Case has now been com-
pleted and published. The official designation of this document is
PSI Bericht Nr. 09-10, and 1200 copies have been printed and
widely distributed. The document is also available as a PDF file via
the SwissFELweb page: http://fel.web.psi.ch/. The SwissFEL Project
was presented to the ETH Board in March 2010, and will be included
in the “BFI Botschaft”, to be discussed by the Swiss parliament in
2011. The conceptual design report (CDR) for the accelerator is in
preparation and will be completed in April 2010. The project will be
realized in 2 phases: Phase 1, a hard X-ray beamline (“Aramis™), will
be completed by 2016; and Phase 2, a soft X-ray beamline (“Athos”),
will be completed by 2018.

The SwissFELis prominently represented in the EuroFEL, which links
complementary, national FEL facilities into a unique European
Research Infrastructure, of which PSI became an official memberon
1April 20009.
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Preparations for SwissFEL science

B. D. Patterson, R. Abela, U. Flechsig, B. Pedrini, M. Shalaby and M. van Daalen, SwissFEL Project, PSI;
Th. Feurer, Institute of Applied Physics, University of Bern; M. Klaui, Nanomagnetism research group, University

of Konstanz, Germany

The proposed SwissFEL X-ray Laser facility will allow novel investigations of femtosecond molecular dynamics in

chemical, biochemical and condensed-matter systems and will permit coherent diffraction imaging of individual

nanostructures. A summary of potential scientific applications of the SwissFEL has been compiled in close col-

laboration with approximately 25 university research groups [1]. In preparation for novel experimental methods

atthe SwissFEL, simulations are being made of multi-pulse pump/probe experiments, low-statistics X-ray photon

correlation spectroscopy measurements and the initiation of magnetization dynamics by terahertz pump pulses.

X-ray Free Electron Lasers (XFEL) will produce ultra-brilliant,
ultra-short and highly coherent X-ray pulses, with specifica-
tions exceedingthose of synchrotron sources by many orders
of magnitude. Optimaluse of XFEL radiation therefore warrants
consideration of novel experimental concepts. Here we report
progress on three such concepts: a) multi-pulse pump/probe
methods, b) statistical evaluation of X-ray photon correlation

Figure 1: Two multi-pulse pump/probe methods for the SwissFEL:
a) “probe-pump-probe” and b) “pump-probe-probe”. The hard
X-rays in a) and the soft X-rays in b) are deflected, respectively,
by crystals [1] and by a grating/mirror combination.

spectroscopy (XPCS), and c) triggering magnetic dynamics
with pulses of terahertz (THz) radiation.

Multi-pulse pump/probe experiments

To investigate the dynamics of a physical system, multiple
interactions are required. Inasimple pump-probe experiment,
a process such as a chemical reaction or magnetic switching
is initiated (for example, by a short laser pulse) and, aftera
presettime delay, T, the systemis probed (forexample, by the
absorption orscattering of a SwissFELX-ray pulse). Repeating
identical measurements for different values of t allows the
time-dependent processto be followed. Alternatively, a probe-
probe measurement of equilibrium fluctuations may be per-
formed using XPCS, as will be discussed below.

Novel probe-pump-probe and pump-probe-probe methods
are schematically shown for hard and soft X-rays in Figures
1a) and b), respectively. The formerallows separate, simulta-
neous measurements of the excited and the unexcited sample,
hencereducingthe effect of background scattering and shot-
to-shot intensity variations, while the latter provides a dif-
ferential dynamical measurement, over the short delay dt,
which is less sensitive to variations in initial conditions.

Simulated split-pulse XPCS

A double-pulse probe-probe measurement of the changing
coherent diffraction speckle pattern resulting from equilib-
rium fluctuations (Figure 2a) is called split-pulse XPCS [2].
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Figure 2: With split-pulse XPCS (a), the Q-dependent correlation
time of a system is determined via the speckle contrast (b).
Simulations (c) demonstrate an optimum number of shots and
the usefulness of very sparse data.

Analysis ofthe doubly-exposed speckle pattern shows a high
contrast (large pixel variance) for a delay which is short with
respectto the correlation time, 1., and low contrast fora long
delay (Figure 2b). Because the first pulse may not disturb the
sample, the question arises as to how low the exposure level
can be to enable useful contrast information to still be ex-
tracted.

Figure 2c) shows the resultofa simulated experimentinwhich
10° photons are distributed among a number of single-shot
measurements of a pre-determined pixelvariance (setto 0.1).
The surprising discoveries of an intermediate optimum number
of shots and of useful information retrieval at the level of
only 0.1 photons per pixel are encouraging for the future of
this technique. It is important to note that measurements
which rely on reconstructing unique real-space images from
the speckle patterns require much higher single-shot doses.

Magnetization switching with THz

The SwissFEL facility will include a separate, synchronized
source of THz radiation [3], to initiate chemical and magneti-
zation dynamics without ionization, for subsequent probing
with X-ray pulses. In order to investigate the efficiency of THz
magnetic switching, simulations were performed by numeri-
cally solving the Landau-Lifshitz-Gilbert equation for mag-
netic dynamics coupled to the Maxwell equations for the ra-
diation field [4]. The geometry investigated is a thin layer of
permalloy, initially magnetized in-plane along the z-direction
and irradiated by a THz pulse incident perpendicular to the
film (along the y-axis).
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Figure 3: Simulated magnetic switching induced by a 6 T THz
pulse in a permalloy film at short (a) and long (b) times. c):
Faraday rotation angles predicted for THz signals of various
amplitudes upon transmission by a 600 nm film, as a function of
the initial polarization direction.

In Figures 3a) and b), the switching behaviouris shown fora
single-cycle THz pulse, with a maximum field strength B, =
6T, applied along the x-axis. The resulting dynamics show
effects during the pulse (Figure 3a) as well as long after the
pulse is over (Figure 3b). Switching is found to occur for am-
plitudesas lowas0.3T.

Ithas been suggested [5] that evidence forTHz-induced mag-
netic dynamics may be obtained from an observation of the
transmitted THz pulse itself. Figure 3c) shows the predicted
Faraday rotation angle of THz pulses of various amplitudes
after transmission through a 600 nm permalloy film. The
abscissa gives the initial polarization direction. Current THz
technology should be capable of resolving a Faraday angle
of 0.2°.

References

[1] B.D. Patterson, ed., PSI Bericht 09-10 (2009).

[2] C.Guttetal., Optics Express 17 55 (2009).

[3] A.Oppeltetal., FEL-09 Proceedings, Liverpool, UK (2009).
[4] M.Shalabyetal., in preparation.

[5] L. Carr, private communication.
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SwissFEL accelerator

Hans-Heinrich Braun, on behalf of the SwissFEL design team

Thebaseline design of SwissFEL was defined during 2009. It relies on state-of-the-art technologies for all Swiss-

FEL components, thus guaranteeing that construction can start, without major technological risks, as soon as

funding becomes available. More advanced options, which may lead to improved performance, are nevertheless

beingretained and will be integrated once feasibility is proven. Alarge proportion of the investment for SwissFEL

has to be spent on civil engineering. Once the buildings are constructed, however, modifications for later exten-

sions are difficult and costly. Therefore, the whole building concept and building site have been re-considered,

adapted to the baseline design and optimized.

The main components of an X-ray free-electron laserare a low-
emittance electron injector, a linear accelerator, bunch com-
pressors and magnetic undulators, all of whose functionality
was explained in the PSI Scientific Report 2008. In the course
of 2009, technical choices for these components were taken
to establish a baseline design for the entire SwissFEL facility.
These choices rely entirely on state-of-the-art technologies,
and therefore no fundamental feasibility issues remain. How-
ever, R&D on several more advanced options is still being
pursued, namely on field-emitterarrays, pulsed-diode electron
guns and FEL seeding. If technical maturity and superior per-
formance compared to the baseline design can be demon-
strated, these options can still be integrated in SwissFEL, either
during the project preparation phase or as a later upgrade.
An RF gun with metal photo-cathode is used for the baseline
design, combining features fromthe LCLS injectorat SLACand
the PHIN RF gun. The latter was developed in the framework
of the EU-FP6 EuroTeV consortium, of which PSI was one of
the partners. The otherparts oftheinjector, includingthe first
bunch compressor, are described in the following article on
the SwissFEL injector test facility.

The main design criteria for the 6 GeV linear accelerator are
compactness, investmentcostand electrical efficiency. Based
onthese criteria, anormal conducting pulsed linac has been
chosen, working atarepetition frequency of 100 Hzand an RF
frequency of 5.7 GHz. Thisis similarto the SCSS FEL projectin
Japan,wherethelinactechnologyforthis frequency band has
been pioneeredforlarge-scaleinstallations. SwissFELwill be
the first large-scale application of this technology outside
Japan.However, based on the experience at SCSS, the system
has been further optimized, driven by performance consid-
erations and a cost-of-ownership analysis.

Much effort has been put into the electron beam dynamics,
opticsand diagnostics. Here, finalmachine performance and
overall compactness were the key criteria. These efforts, to-
getherwith the choice oflinactechnology, allowed a substan-
tialreductionto be madein the overall SwissFEL facility length,
fromthe 930 m described in the 2008 PSI Scientific Report to
704 m. In the new baseline design, only two undulator lines
remain: ARAMIS, forthe 1-7 Awavelength range, and ATHOS,
forthe 7-70 Arange. The PORTHOS line, which was still being
considered inthe 2008 report, has been abandoned for cost
reasons. For ARAMIS, an in-vacuum, planar, permanent-
magnet undulatoroperating atroom temperature with 15 mm
undulatorperiod will be used, while ATHOS employs a perma-
nent-magnet, roomtemperature, APPLE |I-type undulatorwith
40 mm period length. The latter allows X-rays to be produced
inthe ATHOS line with full polarization control. The consolida-
tion of a baseline design allowed the overall building layout
to be refined and optimised. One of the major modifications
made to the layout is to place the technical gallery, with the
RFpowersources, inasurface building, while the accelerator
properstaysinan undergroundtunnel. Moreover, a new posi-
tion in the forest of Wiirenlingen, near to the eastern part of
the existing PSl site, has been chosen asthe preferred Swiss-
FEL location, afterconsidering optimum machine conditions.
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SwissFEL facility with beamline tunnel, experimental hall and infrastructure

Cross-section technical infrastructure
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Figure 1: Schematic drawing of the SwissFEL.
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SwissFEL injector test facility

M. Pedrozzi, H.H. Braun, R. Ganter, C. Hauri, SwissFEL project, PSI; V. Arsov, B. Beutner, M. Bopp, A. Citterio,
M. Bronnimann, M. Dach, M. Dehler, K. Dreyer, H. Fitze, S. Hunziker, M. Heiniger, R. Ischebeck, T. Lippuner,

B. Keil, Y. Kim, M. Negrazus, A. Oppelt, G. Orlandi, J.-Y. Raguin, S. Reiche, S. Sanfilippo, T. Schietinger,

T. Schilcher, V. Schlott; L. Schulz, B. Steffen, L. Stingelin, W. Tron, E. Zimoch, J. Wickstrém, F. Wei, A. Wrulich;
Department of Large Research Facilities (GFA), PSI; P. Heimgartner R. Kiinzi; Logistics Department (LOG), PSI

The SwissFEL injector test facility is the largest installation at PSI dedicated to beam dynamics studies and R&D
activities in support of SwissFEL. The assembly programme started after delivery of the new injector building in
April 2009 and will culminate with the commissioning of the linac acceleratorin summer 2010. The commission-
ing programme has three main stages: gun commissioning, starting in January 2010; linac commissioning,
starting in summer 2010; and implementation of the compression chicane, in late 2010.

The SwissFEL concept involves a number of sophisticated
technologies, requiring a dedicated R&D and prototyping
phase preceding the finalization of the design, its industri-
alization and large series production. With this perspective
and according to the SwissFEL baseline design, PSl is pres-
ently building a 60 m-long accelerator test facility, reproduc-
ingthe firstacceleration section of SwissFEL[1]. This injector
test facility must serve two main purposes: firstly, it provides
atoolforverifying experimentally the performance predicted
by the simulation codes and consolidating the acceleration
concept of SwissFEL; secondly, it will be used as a platform
for the development and testing of key components and
technologies foreseen for SwissFEL.

A schematic view of the test accelerator is shown in Figure 1.
As inthe SwissFEL baseline design, the electron source con-
sists of an advanced S-band RF gun with laser-driven photo-
cathode similar to the source used at LCLS [2].Typically the
gun will generate 7 MeV electron bunches approximately 10
ps long with a charge of 0.2 nC. The beam radius at emission

willlead to athermal emittance below 0.2 mm.mrad. Enough
spaceinthe gunareahas, however, beenreserved toaccom-
modate possible alternative electron source configurations,
such as the Low Emittance Gun presently being investigated
atthe PSl gun test facility [3].

FourS-bandtravelling-wave accelerating structures will boost
the energy to approximately 250 MeV and generate a time/
energy correlation alongthe electron bunch. Before injection
inamagneticbunch compression chicane, a fourth-harmon-
ic RF cavity is used to linearize the longitudinal phase space
for optimal compression. The last 16 m of the beamline are
dedicatedtothe beam characterization of projected and slice
beam parameters.

Itis foreseen that beam development activities will start by
the end of February 2010, with the commissioning of the
electron source. The first few metres of the facility together
withitstechnicalinfrastructure were completed by the end of
2009 (Figure 2). This section of the accelerator determines
the electron beam quality for the FEL operation, and for this

' dipole ‘ quadrupole 4 BPM-+screen
Deflecting
cavity 1 . .
(S-band) Harmonic cavity
J Acceleration (S-band) (X-band)

S-Band RF gun

Compression « N

+ screen
Deflecting
cavity 2
(S-band)

J FODO cells

Diagnostic section

Figure 1: Schematic of the 250 MeV Injector test facility.
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Figure 2: Electron source and the first few metres of transport
line in the injector tunnel.

reasonitmustbe studied carefully to ensure good FEL perform-
ance.During guntests, the assembly ofthe remaininginjector
componentswill continue behind atemporary concrete shield.
In summer 2010, the electron source will be connected to the
linacto enable the commissioning of the full facility. An exten-
sion ofthe facility, by integrating an undulatorline for seeding
experiments parallel to the diagnostic section, is presently
under evaluation for the 2012 time horizon.

The lattice of the injectortest facility was optimized by means
of start-to-end simulations [4], to fulfil SwissFEL requirements.
The simulated beam parameters afterthe bunch compression
chicane are briefly summarized in Table 1for high-charge and
low-charge modes of operation. These results provide a
safety margin, with respect to the maximum specified slice
emittances for SwissFEL of more than 25%.

The laser, RFand diagnostic components, timing and synchro-
nization systems, magnets and support systems imple-
mented in the injector facility described in [1] are part of the
R&D strategy for SwissFEL. All these components will be
tested and improved during the production phase of the test
facility. Particularly challenging is the synchronization per-
formance required for stable FEL operation, which demands
femtosecond RF stability and corresponding diagnostic ca-
pabilities. Essential for the achievement of the required
performance is the distribution of an ultra-stable reference
signal. In this context, PSI is developing an optical timing

Parameter 200 pC 10 pC
Energy (MeV) 255

RMS bunch length (fs) 193 33.2
RMS projected emittance (mm.mrad) 0.38 0.1
RMS slice emittance (mm.mrad) 0.33 0.078
Peak current (A) 352 104

Table 1: Beam parameters after compression.

Figure 3: The accelerator tunnel in the dedicated injector
building.

distribution system within the test facility program, aiming
fortime jitters below 10 fs [5].

Besides acceleratorcomponentdevelopment, PSlisacquiring
new hardware for the magnetic characterization of the ac-
celerator optics. A measuring system constructed by CERN,
using afluxintegrating rotating probe (mole) [6], has been on
loan to PSI since January 2009 and will soon be purchased.
This device has been used to accurately measure the field,
gradient strength and high-order harmonics of the injector
magnets [7]. Modifications to the test bench are now in
preparation, to determine the offset between the geometric
and magnetic axes with an accuracy of 50 pm. Arefined mole
version suitable for the small aperture (& >20 mm) quadru-
pole foreseen for SwissFEL is presently under development
at CERN, to be tested at PSl at the start of 2011.
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Electron beam characterisation at the
SwissFEL gun test facility

R. Ganter, B. Beutner, H.H. Braun, C. Hauri, M. Pedrozzi, A. Trisori, SwissFEL Project, PSI; B. Beutner,

M. Broennimann, M. Dach, T. Garvey, C. Gough, C. Hauri, R. Ischebeck, S. Ivkovic, E. Kirk, F. Le Pimpec, K. Li,

A. Oppelt, M.L. Paraliev, M. Pedrozzi, J.-Y. Raguin, T. Schietinger, T. Schilcher, A. Trisorio, B. Steffen,

L. Rivkin, S. Tsujino, and A. Wrulich, Department of Large Research Facilities, PSI; E. Kirk, S. Tsujino, Laboratory
for Micro- and Nanotechnology, PSI

The SwissFEL electron gun test stand has been in operation since January 2009. Although the test programme is
stillin full swing, several key concepts of SwissFEL have already been successfully demonstrated. In particular the
reduction of the intrinsic emittance by laser wavelength tuning has been successfully tested. The nominal beam
for low-charge operation of the SwissFEL (10 pC; 0.25 mm.mrad) is routinely obtainable. For high-charge operation
(nominal 200 pC; 0.65 mm.mrad) the charge has been obtained, but with a value of around 1.9 mm.mrad the emit-
tanceis still too large. This should be overcome once the planned laser pulse time shaping is operational.

The commissioning of an electron gun for the SwissFEL [1]
project, providing an electron beam up to 5 MeV beam energy,
started in January 2009. The electron gun is a key component
of afree-electron laserfacility, since the emittance degradation
during the first few meters of acceleration usually gives an up-
perlimitonthefinalbeam brightness. The goal ofthis test stand
isthusto gain experience with low-emittance beam generation
and characterisation. The electron gun under investigation is
a combination of diode acceleration followed by a two-cell RF
cavityat1.5GHz.The diodeis a cathode—anode assembly (see
Figure 1) separated by a gap (0 < gap <30 mm) across which
voltage pulses are applied with 200 ns FWHM duration and
maximum amplitude of 500 kV. Electrons are extracted from
the cathode by photoemission, using laser pulses at different
wavelengthsinthe range from 262 nmto 282 nm [2]. Electrons
then leave the diode through a 2 mm-diameter hole in the an-
ode. To prevent large expansion of the beam during the drift
between anode and RF cavity (166 mm), an in-vacuum pulsed

solenoid is located 51 mm after the anode iris. The two-cell RF
cavity [3] is fed with an RFinput power of up to 5 MW with 5 ps
pulses, corresponding to an accelerating gradient of up to
45 MV/m.Therepetition rateis presently limited to 10 Hz. A full
diagnostic beamline (scintillating YAG screens, magnets,
pinhole masks (pepper-pot), spectrometer arm, etc.) follows
the RF cavities and allows measurements of beam emittance,
energy spectrum and charge. The ultimate goal of the test stand
isto provide electron bunches of 200 pC charge at5 MeV, with
the lowest possible emittance.

Simulations ofthe installation were performed with ASTRA [4].
Atthe cathode surface, the beam starts with non-zero emittance
— the intrinsic emittance due to the initial photoelectron ki-
netic energy. Simulation shows that the emittance increases
mainly in the diode gap, because of non-linear space-charge
effects. In order to partially compensate for this effect, a so-
called hollow cathode geometry was used, which provides
non-linearelectrostatic focusing[5]. To preserve the emittance
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Figure 1: Schematic of the diode and RF cavity gun test stand installed at PSI.
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Figure 2: Measured electron beam transverse profile and corre-
sponding pepper-pot picture (13 pC, 5.1 MeV, 0.23 mm.mrad).
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Figure 3: Normalized projected emittance at 5 MeV (6 mm gap,
300 kV pulser voltage, 6.72 A/mm? current density, 4.2 ps (rms)
laser duration).

aftertheanodeiris, itisimportantto adjust the pulsed solenoid
in order to obtain optimum beam conditions at the RF cavity
entrance plane (emittance compensation technique) [6]. Figure
2 shows the transverse profile of a typical beam measured at
the gun test stand, at 5.1 MeV on a YAG screen. The emissive
part of the cathode used here is a flat, hand-polished copper
disc. When the pepper-pot array is inserted upstream of the
YAG screen, diverging beamlets are clearly observed, from
which the projected transverse emittance is obtained. Inorder
totakeintoaccountonlythe core part ofthe beam, side beam-
lets, which contribute less than 10% of the total charge, are
eliminated.

A comparison between measured emittance and simulated
valuesis presented in Figure 3. Simulations are in good agree-
mentwith measurements. The error bars come from the uncer-
tainty in defining the background level and the beam bounda-
ries. The emittance achieved for the nominal 200 pC beam
chargeis1.9+0.3 mm.mrad. Thisvalue was obtained with laser
pulses having a Gaussian time profile of Ot jaser = 4.2 ps (rms)
duration. From simulations, we expect that the emittance will
be reduced to ~1mm mrad when using a square-shaped laser
time profile (0.7 psrise/falltimes and 10 ps duration). Accord-
ingto simulation, anincrease ofthe gradientatthe diode (600
kV; 4 mm gap), together with some geometrical modification,

Figure 4: Intrinsic emittance per mm laser spot size (rms) versus
the laser photon energy (Q < 1 pC, 5 MeV, 300 kV, 6 mm).

shouldfinally bring the emittance down toaround 0.4 mm.mrad
for200 pC. This is the goal for the coming months.

In parallel to high-charge operation, important progress was
made in the measurementand reduction of the intrinsic beam
emittance at the cathode surface (thermal emittance). The in-
trinsic emittance is the ultimate lower limitin beam emittance
that can be obtained for a given cathode material, surface
electric field and laser wavelength. The intrinsic emittance is
proportionalto the laser spot diameter[7]. We have measured
thisforchargesbelow1pC, fordifferentlaserspot sizes, tofind
its dependence on laser spot size (per mm rms) (see Figure 4).
Two different techniques (pepperpot and solenoid scan) gave
0.374£0.05 mm.mrad per mm laser spot size (rms) for a laser
wavelength of 282 nmincidenton a coppercathode (Figure 4).
The normalized intrinsic emittance depends only on the differ-
ence between the effective work function (defined by cathode
materialand surface electric field) and the laser photon energy
(wavelength).

As shown in Figure 4, the normalized intrinsic emittance de-
creases with longer laser wavelength. The agreement with
theory is good assuming a work function of copper equal to
4.35 eV. The Schottky effect due to the applied electric field
(~25 MV/m) reduces the barrier further to around 4.15 eV. The
initial kinetic energy of emitted electronsis about 0.25 eVwhen
using 282 nm photons (4.4 eV).
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A selection of research results and developments in scientific re-
search methods is presented in this report. SLS scientists have de-
veloped amethod forproducing high-resolution images of biological
tissues and a detector with the world’s fastest frame rate. Neutron
experiments have shown how an exotic form of ice can incorporate
large amounts of salt, while muons have provided new insights into
the interplay between magnetism and superconductivity. Tuneable
properties, such as resistance, are a feature of materials being de-
veloped through research on nanomaterials, and extremely precise
measurements of the proton radius have produced a dimension that
deviates markedly from the currently accepted value. Research in
molecular biology has determined the structure and function of
various proteins playing vital roles in living organisms.
Inenergyresearch, advancesinthe use of renewable energiesinclude
linking wood gasification with fuel cells as a technology for small-
scale heat and power plants, and using solar energy for the produc-
tion of high-quality gas from carbonaceous waste. Computermodel-
ling is contributing to a better understanding of processes in
materials used in nuclear power plants, while a particular example
of interdisciplinary research is anew measurement of the half-life of
0Fe, which will lead to a re-evaluation of the development of the
early Solar System. Research in environmental science has shown
how organic aerosols evolve in the atmosphere.

The new therapy station OPTIS2 for ophthalmological therapy was
commissioned at the Center for Proton Therapy, connected to the
therapy accelerator COMET and replacing OPTIS, which has treated
patients with eye tumours for 25 years. Progress on the Gantry 2
project includes a final concept for the patient positioning system,
incorporating an innovative X-ray alignment system.
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Photons for fun? Much more than that!

). Friso van derVeen, Synchrotron Radiation and Nanotechnology Department, PSl, and Department of

Physics, ETH Zurich

Over the years, the Swiss Light Source, SLS, has been developed into a world-leading facility for X-ray research

instructuralbiology, drugs development, biomedicalimaging, and nanometre-scale materials characterization.

Recently, a programme has been launched in energy and environmental research. Without calling our photons

‘green’, we do increasingly focus on research themes of immediate relevance in a world with dwindling energy

supplies and environmental threats. Surely, photons are fun, as the title suggests, but they are much more than

that: one needs X-rays for helping to solve today’s problems in society and technology.

The SLS has been in operation since 2001. It is an advanced
synchrotron radiation facility of the third generation, provid-
ing high-brilliance of X-ray radiation to a set of beamlines
enabling detailed microscopic studies of matter. Among
synchrotron radiation facilities in the medium-energy range,
the SLSisinternationally a frontrunneras regards stability of
the beam and high brilliance well into the hard X-ray range.

Despite increasing international competition from other
sources (e.g. SOLEIL and DIAMOND), research at the SLS re-
mains of exceptionally high standard. Of 330 journal publica-
tions in 2009 that are based on research at the SLS, 38 ap-
peared in the top journals Nature, Science, Cell and Physical
Review Letters. The discoveries reportedin these publications
include topics as diverse as the elucidation of the structure

Figure 1: At the protein-crystallography beamline PXII at the SLS.
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ofthe ribosome at high resolution (see below), the nanome-

tre-scale diagnosis of dental caries, understanding the
mechanism ofthe catalytic oxidation of COin a catalystunder
working conditions (important for automotive and fuel cell
applications) and even the making of a fast (femtosecond)
movie of movingatomsinasolidfollowinga shortlaserpulse.
The research examples presented in this Scientific Report
conciselyillustrate the interdisciplinary character of synchro-
tron radiation research, where applications cover essentially
allfieldsinthe exactsciencesandin engineering. Ourunique
strengths at PSl lie in the exploitation of synergies between
different laboratories and departments. For example, the
Laboratory for Micro- and Nanotechnology, being part of the
Synchrotron Radiation and Nanotechnology Department,
closely collaborates with scientists at the SLS in innovative
projects such as phase-contrast X-ray imaging, nanofocusing
X-ray optics, pixel detector fabrication, magnetism research,
fabrication of field emitter arrays for XFEL applications and
infrared spectroscopy. Other examples are our continuous
involvement in the SwissFEL project and our recently started
activities in energy science jointly with the ENE Department
at PSl and with ETH Zurich. More such collaborations within
the ETH domain and with other Swiss Universities have been
realized or are underway.

One example of research of which the synchrotron radiation
community is particularly proud will now be presented. In
general, one ofthe mostimportantactivities ata synchrotron
radiation facility is X-ray crystallography. This ‘established’
technique, despite the yawns it occasionally provokes at
funding agencies, has outlived all ‘fashions’ in science. In
fact, no other discipline has been awarded with so many
Nobel Prizes as crystallographic research. In 2009, we have

Figure 2: Inside the SLS
experimental hall.

seenanotherbeautifulexample: the Nobel Prize in Chemistry
forthe ‘Structure and Function ofthe Ribosome’, given to Ada
Yonath, Thomas Steitz and Venkatraman Ramakrishnan. These
structural biologists achieved their breakthroughs thanks to
the use of synchrotron radiation for the crystallographic part
of their research. In addition to providing detailed insight
into translation, these results are directly contributing to the
development of new antibiotics. Since 2005, the group of
VenkiRamakrishnan has been aregularuserofthe macromo-
lecular crystallography (MX) beamlines at the SLS. Their first
major result was obtaining the structure of the 70S ribosome
from Thermus thermophilus in a pre-translocation state ata
resolution of 2.8 A, which allowed them to build an accurate
modelthat revealed the structures of tRNA and mRNA in situ,
and the molecular details of their interaction with the ribos-
ome. This structure was determined with the highestresolution
ever obtained on 70S ribosomes [1]. Their most recent work
[2], cited by the Nobel committee, benefited substantially
from our PILATUS pixel detector, as well as from the high bril-
liance and beam stability offered by the SLS. But equally im-
portantis the professionalism of the staff running the beam-
lines. At the SLS, the MX team has become one of the world
leaders in providing optimal and reliable conditions for de-
manding MX on crystals with large unit cells. We congratulate
the Nobel Prize winners notonly on theirmajorbreakthroughs
inribosome research butalso for putting synchrotron crystal-
lography again so prominently on the world map of science.
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Towards understanding structure-performance
relationships in catalysis

Maarten Nachtegaal, Evalyn M.C. Alayon, Laboratory for Energy and Materials Cycles, PSI; Jagdeep Singh,

Jeroen A.van Bokhoven, Institute for Chemical and Bioengineering, ETH Ziirich; Jan St6tzel, Department of

Physics, University of Wuppertal, Germany

The rational design and synthesis of tailored catalysts and catalytic processes requires understanding of

structure-performance relationships. These relationships are not readily available due to the demanding ex-

perimental conditions at which these catalysts are operated. By combining in-situ time- and space-resolved X-ray

absorption spectroscopy (to determine the dynamic catalyst structure), mass spectrometry (to determine the

performance of the catalyst), and infrared spectroscopy (to establish the surface adsorbates), we have identified

how the structure and reactivity of a supported Pt catalyst depend on the local concentration of carbon monoxide

(CO) and oxygen during the oscillatory oxidation of CO.

The majority of products whichwe use in daily life are produced
with a catalyst. These catalysts often consist of nano-sized
transition-metal particles on a support, to increase the reac-
tive surface areaandto decrease the totalamount of transition
metal used. Most, if not all, of these catalysts have been de-
veloped by trial and error. The rational design and synthesis
oftailored catalysts and catalytic processes require an under-
standing ofthe structure-performancerelationship. Determin-
ing the structure-performance relationship of nano-sized
catalysts under catalytically relevant conditions, i.e. tem-
peratures between 100 and 900°Cand pressuresranging from
one to several atmospheres, is one of the challenges in con-
temporary catalysis research.

The catalytic oxidation of carbon monoxide (CO) is the best-
studied reaction in catalysis [1]. This reaction occurs in auto-
motive catalysts and is important in removal of CO from
streams of hydrogen in fuel-cell applications. There is con-
sensus that a CO-covered surface shows low activity at low
temperature [2]. The active phase at high temperature is
highly debated: a reconstructed surface under high vacuum
conditions, oradisordered oxide [3] or oxygen-covered surface
[4] underatmospheric pressure.

Interestingly, the oxidation of carbon monoxide shows oscil-
lating behaviour under specific conditions. On single crystal
surfaces and underhigh vacuum, the surface structure of the
catalyst oscillates between two states that show different
activity. The CO surface coverage determines which phase is
present [1]. However, oscillations are not limited to vacuum
conditions and also occur on technical catalysts under ac-
tual catalytic conditions. By uniquely measuring the time-and

CO/0,
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Figure 1: Plug flow reactor for in-situ XAS measurements.

space-resolved structure-performance relationship, we have
identified the origin behind the oscillating reaction under
operating conditions (high pressure, supported nano-particle
catalysts) and, with it, the catalytically most active phase.

In-situ XAS measurements

Thanks to the penetration depth of hard X-rays, synchrotron-
based X-ray techniques enable the catalyst structure in a
reactor to be studied under operating conditions. We have
performed space- and time-resolved X-ray absorption spec-
troscopy (XAS) on the oscillations in the oxidation of CO at
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Figure 2: CO; and CO mass spectrometer traces plotted with the
Pt L; white-line intensity measured in a plug flow reactor during
the oscillating oxidation of CO.

LY

Figure 3: EXAFS spectra of Pt/Al,O; taken at high activity (black,
corresponding to point 1in Figure 2) together with references of
metallic Ru (blue) and Ru oxide (red).

different positions in a packed-bed reactor (Figure 1). The
conversion of COwas achieved by heatingreduced Pt particles
in a flow of O, and CO at a molar ratio of 19:1to 398 K. At this
temperature, full conversion was observed.

Figure 2 shows the traces of CO, and CO as detected in the
mass spectrometer upon cooling of the plug flow reactor,
starting at 398 K. Oscillations in the signal of CO, were ob-
served. One oscillation was characterized by a slow decrease
intheamount of CO, followed by a sharpincrease of the signal
to a level higher than characteristic of full CO conversion
(insert, Figure 2). This can be explained by storage of CO on
the catalyst during the decrease of CO, production (IR data
notshown), whichis suddenlyreleased duringthe sharprise
in CO,. The moment that the conversion decreased to below
100%, a smallincrease in CO was observed, coinciding with
aminimum inthe CO, signal. The plotted white-line intensity
plotted in Figure 2 is taken from the maximum of the absorp-
tion edge of the individual spectra and is indicative of the

degree of oxidation. High white-line intensity indicates
partly oxidized Pt, whereas low intensity indicates fully re-
duced Pt [5]. In the initial cooling trajectory, the oscillations
(as shown by the mass spectrometertraces) had no effecton
the white-line intensity (structure of the catalyst) measured
one millimetre below the top of the reactor (Figure 1). When
the conversion in CO decreased to below 100%, a decrease
in the amount of oxidized platinum was observed until the
platinum was fully reduced. The reduction of the oxide is re-
lated to the enhanced local concentration of CO, in agreement
with earlierobservations [3]. On top of this decreasing oxidized
platinum signal, an oscillation in the white-line intensity was
observed which paralleled the oscillations in the CO, signal.
Within an oscillation, the decreased amount of CO, at the
exhaust was paralleled by a reduction of the catalyst. The
sharprisein CO,is caused by the fast reaction of chemisorbed
CO with oxygen. This frees the surface of the poisoning CO,
which enables the catalyst to generate a more active surface
to dissociate oxygen. This oxygen can react with CO very
quickly or it can further react with the surface and oxidize it.
To determine the structure of the partially oxidized and fully
reduced CO-covered catalyst, full extended X-ray absorption
fine structure (EXAFS) analyses were performed on the indi-
vidual quick-XAS spectra (Figure 3). In addition to a metal core,
the presence of platinum oxide was indicated by Pt-O and
Pt-Pt coordination shells located at distances of 1.99 and
3.09 A, matching those of an oxide. The data are consistent
with a metallic core and ashell of disordered platinum oxide.
The catalyst at low activity has a Pt-Ptdistance of 2.75 A, which
isindicative of bond relaxation of the small platinum particles
inthe presence of adsorbed CO.

We have thus identified the reduction of the surface oxide,
which enables the storage of CO on its surface (confirmed by
IR data, notshown), as being responsible forthe oscillations.
This stored CO is released in sudden ignition, which enables
re-oxidation of the surface and caused the spike in CO,. The
reduced surface with chemisorbed CO shows lower activity.
This indicates that the amount of surface oxide matches the
catalytic activity ofthe catalystandisthusresponsible forthe
catalytic conversion in the highly active state.

References

[1 G.Ertl, Angew. Chem. Int. Ed. 47 3524 (2008).

[2] J. Wintterlin, S. Volkening, T.V.W. Janssens, T. Zambelli,
G. Ertl, Science 278 1934 (1997).

[3] J.Singhetal., Angew. Chem. Int. Ed. 47 9260 (2008)

[4] M.S. Chen et al.,Surf. Sci. 610 5236 (2007).

[5] 0.V.Safonova et al., Phys. Chem. B110 16162 (2006).



22 Research focus and highlights — Synchrotron light

PSI Scientific Report 2009

EIGER: The fastest single-photon counting
detector for the Swiss Light Source

Roberto Dinapoli®, Beat Henrich?, lan Johnson?, Lukas Schaedler?, Elmar Schmid®, Bernd Schmitt?,

Akos Schreiber®, Dominic Suter?, Gerd Theidel®

aSwiss Light Source (SLS), ® Research with Neutrons and Muons (NUM), PSI

Detector development has a long and successful tradition at PSI. The know-how that was built up during the
design of thetracking pixel detector for the CMS experiment at CERN was put to profit and led to the development
of both strip and pixel detectors forthe SLS. In fact, the SLS detector group developed and successfully equipped
several beamlines with state-of-the-art silicon detectors: MYTHEN is a modularized strip detector (50pm strip
pitch) tailored to the needs of powder diffraction; PILATUS is a pixellated detector in use at the Macromolecular
Crystallography beamline PXI. These detector systems made many otherwise impossible measurements pos-
sible, leading, due to the consequently high demand, to their commercialization by Dectris. At present, a new
pixel detector with increased resolution and the world’s fastest frame rate is being developed, called EIGER

(Extreme hIGh framE Rate detector).

Introduction

The experience ofthe Nobel Prize winnerand SLS facility user
Venkatraman Ramakrishnan shows that detector performance
isindeed a key element for producing high-quality scientific
results. Moreover, the success achieved by the PSISLS detec-
torgroup with the developmentofthe MYTHEN [1] and PILATUS
[2] detectors has motivated research for a much more ad-
vanced family of pixel detectors, EIGER, which addresses
severalneeds highlighted by ouruser community. In particu-

lar, smaller pixels and faster frame rate (possibly with negli-
gible dead time) are considered to be the most crucial speci-
fication parameters.

Asits predecessors, EIGERis a single-photon counting hybrid
detector. This means that the high sensitivity of the readout
circuitry allows any single incoming photon to be counted.
The sensorandits readout chip are produced separately, and
then every sensorpixelis connectedviaamicroscopicindium
ball to its corresponding pixel in the readout chip.
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Figure 1: Original image of a bellflower (Campanula rotundifolia) and its X-ray absorption image (right).
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Figure 2: The blade of a rotating fan (100 Hz) recorded with 12bit counter depth, 125us exposure time and 7.8kHz frame rate (left); 8bit
counter depth, 85us exposure time and 11.4kHz frame rate (center); and 4bit counter depth, 45us exposure time and 20.8 kHz frame rate.

First step: an EIGER single-chip detector

The main shortcomings of the Pilatus detector are the pixel
sizeandthe deadtime during readout, which limitthe readout
rate (framerate). The EIGER detectorisin everyrespect better
thanitsancestor PILATUS. Asmaller pixelincreases theimage
resolution, butalso limitsthe numberoftransistors, and hence
the functionality, thatcan be put on the pixelitself. With EIGER,
the optimum between maximal functionality and minimal
pixel size has resulted in 75um x 75um pixels. An array of
256 x 256 pixels fits onto a 2cm x 2cm chip [3].

The first test setup, a single chip bump bonded to a mono-
lithic single chip sensor, was commissioned in late August
20009. In parallel, dedicated hardware, firmware and software
had to be developed to comply with the enormous data rate
the chip is capable of delivering. The entire EIGER system de-
velopment is a collaboration between the SLS detector group
andthe NUM electronics and measurement systems group. The
result of one of the first tests under X-rays, the absorption by a
bellflower (Campanula rotundifolia), is shown in Figure 1.

For fast frame rates, the readout time (dead time) is very sig-
nificant. Many measurements with PILATUS are currently lim-
ited by the frame rate, but EIGER has a negligible dead time,
allowing high frame rates combined with small pixel size. This
is achieved by parallelizing the readout and an operation al-
lowing readout during the acquisition of the nextimage. Each
EIGER chip has 32 parallel readout channels (so-called super-
columns) which comprise eight pixel columns. The counts of
all pixels in a super-column are sequentially processed in a
super-serializerforreadout. Acompromise ofthe smaller pixel
size was reducing the size of the counter with respect to the
PILATUS chip. But this alleged disadvantage is compensated
by the continuous read/write mode, where frame summation
can be done on the fly in the controlling readout electronics,
leadingtoa practically infinite dynamicrange (32 bits). Further-
more, the user will have the choice between different counter
depths (4, 8 or 12 bits). Depending on the counter depth, the
EIGER candeliverframe rates up to 8kHz (12bit), 12.4kHz (8bit)

or 24.4 kHz (4bit). These are currently the highest available
frame rates for single-photon counting detectors.

The advantages and drawbacks ofthe different counter depths
canbeexplained bestwith referencetotheimages of Figure 2.
The X-ray absorption image of a moving fan is shown, using
the three different modes of operation. The left-most image
was taken using the maximum counter depth of 12bit, with an
exposure time of 125us. The edges of non-moving parts show
good sharpness, while the edges of the moving blade are
smearedandthe holeinthebladeisdrawn out. Theimage on
thefarrightusesthe 4bitmodeandan exposuretime of 45ps.
Thisimage appearsvery coarse-grained, butthe moving parts
areclearly less blurred. The 8bit mode with an exposure time
of 85us appears to be a compromise between the two ex-
tremes. The chip’s maximum data rate capabilities were ex-
ploited in all images. The data transfer capabilities for the
Ethernet data connection were exceeded in all cases, which
required on-board memory and a fast memory controller for
intermediate data storage. The memory then has to be read
out after a series of exposures.

Conclusions

System tests so far have shown that the EIGER system meets
its specifications, and in some respects exceeds our expecta-
tions.The challenge ahead will be to step up from a single-chip
system to a multi-chip module and a multi-module detector.
Dealing with the enormous data rate will then be a serious
challenge.
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Scanning SAXS: Bridging the gap between
coarse- and nano-scale microscopy
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To understand the functioning of biological systems such as human beings, animals, and plants, information

over a large range of length scales is needed, from the centimetre down to the nanometre range. There are pow-

erful techniques for obtaining an overall picture and others for high-resolution information on small parts of the

system. ‘Zooming in’ or even covering the full length scale with a single technique, however, is hardly possible.

‘Scanning SAXS’ covers a large range of length scales, as exemplified for human teeth with research aiming at

new dental treatments.

Teeth are a marvel. Despite heavy use they may serve us for
decades.Dentalenamelisthe hardest substanceinthe human
body, consisting primarily of the mineral calcium phosphate,
arranged in highly ordered micro- and nano-structures. Hard
materials are usually brittle, but enamel is stabilized by the
underlying dentin. Dentin contains collagen, a flexible and
robust material found all over the human body, for examplein
bones, tendons, and skin. The excellence of this design can
bestbe seenwhenatoothis damaged, forexample bya carious
lesion. Dental fillings do not reproduce the micro- and nano-
structure of teeth and thus cannot fully reproduce the stability
andfunction ofthe originaltooth. Healing ratherthan repairing
would betheidealsolution,i.e.re-mineralisingthe enameland
restoring the original micro- and nano-structure.

Research in this direction faces a problem frequently encoun-
tered in biomedical research. Foran understanding of biologi-
cal systems, information at all length scales is required, from
the centimetre down tothe nanometre range. Techniques such
as computerX-raytomographyand optical microscopy produce
invaluable overviewimages, but cannotresolve nanostructures.
Othertechniques, such as electron microscopy, have unrivalled
resolving power, but are limited to small fields of view or even
smallsamples. Butare such smallsample areas thatareinves-
tigated with high resolution representative forthe whole object?
And where exactly in the coarse-scale overview picture does
the high-resolution information need to be obtained? To answer
these questions, atechniqueisrequired thatimagesnano-scale
properties over extended areas.

PSI detector technology and large-scale facilities
make a difference

Small-angle X-ray scattering (SAXS) is sensitive to nano-scale
structure. Butratherthan producinganimage, the information
is averaged over the entire illuminated sample volume and

X-ray
optics

|
e sample

Figure 1: The experimental setup for scanning SAXS measure-
ments. The sample is raster scanned through the focused X-ray
beam and SAXS data are recorded at each point for the currently
illuminated sample area. O reveals the orientation of the
illuminated nanostructure. A typical measurement comprises
several tens of thousands of SAXS data frames recorded within
half an hour.
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Figure 2: Nanostructures in a section of a healthy (top row) and a carious (bottom row) human tooth. The orientation of the nano
structures is represented by the colour according to the colour-disk legend on the right. The local density of the nanostructures is
represented by the saturation of the colour. Nanostructures without preferential orientation show up in gray. Different information
derived from a single measurement is shown in each row. In the left column, nanostructures in the range 24-39 nm are depicted, in
the centre column collagen-like material of 53-71 nm, and in the right column 185-231 nm. The scale bar in each image is 1 mm long.
Fillings used in current dentistry do not reproduce the natural nanostructure at all, which has drawbacks on the lifetime and
performance of the repaired tooth. Ideally, the original, natural nanostructure should be restored and the tooth thereby healed

rather than repaired.

provided as reciprocal space data. A way to extend SAXS
measurements toimagingis scanning SAXS: raster scanning
a sample through a small X-ray beam and recording SAXS
data for each illuminated area. Such measurements are a
technological challenge, since one image typically requires
several tens of thousands of individual measurements that
need to be performed and analysed on a reasonable time-
scale. A prerequisite is high X-ray flux over a small focal spot
in combination with a fast X-ray detector with large dynamic
range and low noise, as is suitable hard- and software for
copingwiththe large amounts of data. At PSI, this combination
is available due to the excellence of on-site research and
technology. The Swiss Light Source provides stable and bril-
liant X-ray beams. At the cSAXS beamline, a large portion of
the fluxis focused onto a spot of about 20 pm x5 um. While
the sample is moved continuously through the X-ray beam,
the PILATUS detector developed at PSI records SAXS data at
a typical frame rate of the order of 50 Hz. A typical measure-
ment is performed in about half an hour and comprises sev-
eral tens of gigabytes of data. A sketch of the experimental
setup is shown in Figure 1 and resulting images shown in
Figure 2 for a healthy and a carious tooth. Such data provide
the basisforabetterunderstanding ofthe functioning of teeth
and for the development of remineralization techniques to
restore the natural micro- and nano-structure, rather than
repairing it with artificial, less-perfect materials.

Applications in several fields

Currently, scanning SAXS is mainly used for biomedical re-
search and materials science applications. However, awider
range of applications is anticipated for this newly emerging
technique in the future.
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Collective excitations define the basic transport properties of all materials and are characterised by their disper-
sion behaviour. The photon-in/photon-out spectroscopy known as Resonant Inelastic X-ray Scattering (RIXS)
efficiently probes valence excitations in correlated materials. Instrumentation at the ADRESS beamline of the
SLS allows the localization dynamics of such excitations to be assessed by varying the scattering geometry
between incidentand inelastically scattered X-rays. The momentum transfer dispersion of magnetic excitations
in the spin-ladder compound Sr,,Cu»,04 has been investigated using this technique, demonstrating that the
RIXS cross-section changes only moderately over the Brillouin Zone, giving complementary information to

Inelastic Neutron Scattering.

Collective excitationsin strongly correlated electron materials
remain a pivotal challenge in contemporary solid-state phys-
ics. Itiswidely debated whether magnetic excitations provide
the pairing interaction in high-temperature and unconven-
tional superconductors. While cuprate superconductors ex-
hibit enormous complexity, the two-leg spin ladderis easier
to treat theoretically. It consists of two parallel chains (legs)
with transverse (rung) exchange coupling. This system features
asinglet ground-state and dispersive triplet excitations — so
called triplons. As a result of instrument improvements [1],

Figure 1: SAXES RIXS spectrometer at the ADRESS beamline.

thetechnique of ResonantInelastic X-ray Scattering (RIXS) [2]
isgainingvastlyinimportancein studies of low-energy solid-
state phenomena, such as magnetic excitations. Recently,
momentum transfer dispersive magnetic excitations have
beeninvestigated successfullyin long-range ordered antifer-
romagnets with hard and soft X-ray RIXS [3]. At the ADRESS
beamline of the SLS, the two-leg quantum spin ladder
Sr14Cu2404 has been studied by means of momentum-resolved
high-resolution RIXS at the Cu L; edge [4].
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Momentum transfer dependent RIXS

The RIXS experiments were performed atthe Advanced Reso-
nant Spectroscopies (ADRESS) beamline at the SLS [1b], cur-
rently the best facility for this experimental technique, using
the Super-Advanced X-ray Emission Spectrometer (SAXES)
[1a] (depictedin Figure 1), with a total resolution of betterthan
120 meV at the Cu L; edge. RIXS is a photon-in/photon-out
spectroscopic method which measuresthe energytransferto
the electronic system between incidentandinelastically scat-
tered X-ray photons. The momentum transferq=Kk’- k (k’ and
k denote the wavevectors of scattered andincident X-ray light,
respectively) to the eletronic system can bevaried in such an
experiment by varying the scattering geometry between inci-
dentand detected X-rays. This can be accomplished by rotat-
ing the set-up supported by air-cushion devices below the
spectrometer platform.

Dispersion of magnetic excitations

Figure 2 displays the low-energy transferregion of RIXS spec-
tra on Sr14Cu2404 for different momentum transfer along the
ladderlegdirection. Forexcitations close tothe CuLsabsorp-
tion resonance, two peaks arise in all RIXS spectra. A peak
around zero energy loss contains the elastic signal plus un-
resolved low-energy contributions from phononsand, presum-
ably, magnetic excitations from the chains. The second peak
occurs at finite energy loss in the range of the intra-ladder
exchange coupling. The latter peak originates from two-triplon
magnetic excitations [5] and shows dispersion upon qc, the
momentum transferalong the leg direction.

In Figure 3, a RIXS intensity map is displayed versus momen-
tum and energy transfer. The magnetic two-triplon modes
appearhereasabroadline, which disperses around the qc=0
symmetry point. At q¢c=0, the line almost merges with the
elastic peak and moves with larger g towards higher energy
losses. It reaches a maximum of about 320 meV close to
qc=0.3x2m/cL, whereitthen folds back. Atthe sametime, the
width ofthe detected magnetic modes increases considerably
towardsthe edges ofthe Brillouin zone (BZ). While the Inelas-
tic Neutron Scattering (INS) cross-section is inherently small
around the BZ centre (small momentum transfer) [6], the
observed RIXS signal is found to be intense all over the BZ.

In summary, in the work presented here, RIXS has been dem-
onstrated to be capable of probingthe magnetic fluctuations
in spin-liquid quantum ground states and to be complemen-
tary to INS [4] in accessible energy as well as momentum
transfer range. Further details of this study can be found in
Reference 4.
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Figure 2: Dispersion of two-triplon magnetic excitations in
Cu L3 RIXS.
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Figure 3: (a) RIXS data as intensity map vs. momentum and energy
transfer. Calculated one-triplon (red dashed line) dispersion
curve as well as the lower and upper border of the two-triplon
continuum (black full lines) [5] are given for comparison.

(b) RIXS spectra measured close to BZ centre for both linear
polarizations. The n polarized spectrum can be fitted with two
Gaussians; the residual is represented by the thin blue line.
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Magnetism in materials only exists because of quantum mechanics. In most materials, however, quantum fluc-

tuations are suppressed and magnetism is perceived as a classical phenomenon. Nevertheless, quantum phys-

icsisimportantin frustrated and low-dimensional magnetism, leading to exotic and potentially useful properties

in insulators and metals. We have experimentally quantified quantum fluctuations in an ordered, two-dimen-

sional magnetic insulator and demonstrated that they can be tuned with magnetic fields. This is a fascinating

example of the co-existence of frozen and dynamic quantum spin degrees of freedom.

Magnetismin condensed matterarises from the electron spin
andfromthe electronic orbitals, both of which are of quantum
mechanical origin, and therefore quantized. For localized
electrons, they result in single-ion magnetic moments that
are a composite of electron and orbital magnetic moment.
In magnetic insulators, such localized magnetic moments
interact mostly via the exchange of electrons, leading to an
effective magnetic interaction between localized magnetic
moments. In most ofthese materials, such interactions favour
anti-parallel alignment of the interacting moments.
Interacting magnetic moments can lead to a static magnetic
structure fortemperatures that are below the energy scale of
the dominant magnetic interactions. This was predicted by
Néelin the 1930s and then observed with neutron scattering
in the early days of research reactors. The order arises from
magnetic mean fields that are generated by neighbours, and
thatrestrict the quantum degree of freedom on a single site,
leadingto spontaneous symmetry breakingand along-range
magnetic order.

However, some materials develop relativelyweak mean fields,
and the quantum nature of the magnetism moments is pre-
served to temperatures well below those where magnetic
orderis usually expected. This can happen for magnetic ma-
terials with low-dimensional orfrustrated interaction topolo-
gies, where quantum fluctuations are strongand the number
of nearest neighbours small. In some materials, magnetic
orderis completelyavoided due to spin correlations that lead
to quantum states with macroscopic coherence.

Quantum fluctuations in low dimensions

Some ofthe bestexamples of macroscopic quantum magnets
canindeed be foundin low-dimensional, particularly in one-
dimensional, antiferromagnets. Acasein pointis the antifer-
romagnetic chainthatis quantum criticalatzero temperature
and features deconfined spinon excitations for S=1/2[1], but
a spin liquid with gapped triplet excitations for S=1[2].

In two dimensions, quantum effects are generally reduced
and the ground state of the S=1/2 square lattice Heisenberg
antiferromagnet is long-range ordered at zero temperature.
However, quantum fluctuations are not completely sup-
pressed and lead to a reduced ordered moment. In addition,
the magnetic excitations — long-lived and long-wave-length
spin waves — acquire a quantum renormalized energy scale.
The short-length spin waves even experience a dispersion
thatis not expected in the absence of quantum fluctuations
and arises from short-range quantum fluctuations between
nearest neighbours [3, 4].

Frustration enhanced quantum fluctuations

We have investigated deuterated single crystals of the organo-
metallicinsulator Cu(pz).(ClO4), containing well-isolated Cu?*
planes [5]. Each Cu?* ion in Cu(pz),(ClO,), carries S=1/2 and
is surrounded by two pairs of identical cis pyrazine molecules,
creating a two-dimensional square array of copper atoms
linked by pyrazine molecules in the bc plane (Figure 1). From
the temperature dependence of the magnetic susceptibility,
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Figure 1: Crystal structure of Cu(pz)2(ClOs); in a three-dimen-
sional representation, and the projection onto the bc plane. The
photograph shows the quality and size of the single crystals
used in the experiments.
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Figure 2: Zone-boundary excitations, showing a dispersing
long-lived excitation and a continuum for wave-vectors (r,0)
in Cu(pz)2(Cl04)2. (r,0) corresponds to wave-vectors along the
square edges, while (1/2,7/2) to diagonal wave-vectors.

it was concluded that Cu(pz),(ClO4), represents a S=1/2 2D
square lattice antiferromagnet with nearest-neighbour ex-
change)=1.53(8) meVand a saturation field of Hsat ~ 45 T. Due
to smallinterplane interactions, Cu(pz),(ClO,), adopts antif-
erromagnetic order below Ty=4.2 K.

Using inelastic neutron scattering, we have measured the
long-lived spin waves at zero field. At the zone boundary,
where the spin waves have a relatively short length scale, we
observedadispersionthatrevealsthe presence of short-range
quantum fluctuations (Figure 2a). However, the dispersion is
largerthan that expected foran S=1/2 square-lattice antifer-
romagnetwith only nearest-neighbourexchange interactions.
In addition, we found a relatively strong continuum of excita-
tions above the well-defined excitations for wave-vectors
(m,0). The dispersion can be explained by the presence of

weak next-nearest neighbour interactions, which act as a
small competing interaction and increase quantum fluctua-
tions. Thisleadsto a largerquantum-induced dispersion and
alsoto anincrease of continuum excitations.

Field-tuned quantum fluctuations

We applied magnetic fields nearly perpendicularto the square
lattice planes and mapped the excitations as a function of
magnetic field. At a field of H =14.9 T, which is equal to one-
third of the saturation field, we observed an inversion of the
zone-boundary dispersion and a suppression of most of the
continuum of excitations. Our series expansion calculations
show that the inversion of the zone boundary dispersion
only occurs for sufficiently small next-nearest neighbour in-
teractions, of the order of 2% of the dominant exchange in-
teractions.

Ourstudy shows thatwe can tune quantum fluctuationsinan
ordered antiferromagnet. While thisis a coupling to an exter-
nallyapplied magneticfield, similarfluctuations in materials
with mobile electrons, such as unconventional superconduc-
tors, may similarly couple to charge degrees of freedom and
may be responsible for the intriguing properties in these
fascinating materials.
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On the way to roots: The journey of water across
the soil-plant system
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How does water enter the roots of plants? Existing models of root water-uptake predict a decrease of water
nearer the roots, with water moving from wetter (far away from the root surface) to dryer (adjacent to root surface)
regions. But neutron radiography has shown the opposite. During a drying period, the soil close to roots appeared
wetter than the bulk soil. Interestingly, the picture reversed afterirrigation. Such observations are explained by
mucilage exuded by roots. Mucilage favours water availability to plants during drying but, on the other hand,
decreases water storage in the root zone after irrigation. The observed dynamics have potential applications for

improving water-use efficiency and crop production.

A well-established concept

Water flows from soil to roots following a negative gradientin
water potential that comprises gravity and capillary forces.
Roots work as pumps that take up water from the soil in the
vicinity, the rhizosphere. Water that is removed from the
rhizosphere is then replaced by water flowing from more
distantsoil. In otherwords, water moves from wetterand more
distant soil to the relatively dryer rhizosphere [1].

This conceptiswellknownandisincluded, invarious degrees
of complexity, in models of root water-uptake. However, there
are afew factors that make the story a little more complicated.
The non-linearity of the soil hydraulic conductivity and the
radial geometry of the flow cause a dramatic drop in water
potential and water content in the first few millimetres next
toroots. Thisistrue, of course, onlyifthe soilaround the roots
ishomogeneous, an assumption thatall the existing models
arebased upon.These decreases in water potentialand water
content are extremely difficult to measure in situ at the re-
quired resolution, and the existing models of root water-up-
take are therefore partly speculative.

Neutron radiography experiments

Neutron radiography, with its high sensitivity to hydrous
materials, offers a great opportunity for studying root and
water distributions in situ [2, 3]. Such measurements have
thus consequently been performed at the NEUTRA beamline
at SINQ, PSI. Neutron radiography was used to investigate
where and when water depletion occurs around roots of tran-

spiring plants growing in soil samples of size 15x15x 1.5 cm.
According to current concepts, water depletion should occur
around the most active parts of the roots. Our goal was to
image thetemporaland spatialdynamics of such waterdeple-
tions.

Unexpected results

The measurements showed a different story to that expected.
Instead of observing water depletion around the roots, we
observed anincreasein watertowards the roots, eventhough
water was flowing to the roots. However, if the soil around
roots was really homogeneous, our results would be physi-
cally impossible. It would be like a ball rolling uphill against

LA

Figure 1: Neutron radiography of water distribution in a sample
filled with a sandy soil and planted with a lupin. The pictures
show the water content (blue = more water). Left: sample during
the drying period, with more water around the roots. Right:
sample after irrigation, with the rhizosphere dry.
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Figure 2: Water retention curve of rhizosphere and bulk soil
derived from radiographs. During drying, the rhizosphere holds
more water than the soil. During wetting, it holds less water.
The matric head expresses the water potential in centimetres
head.

gravity. Another surprise occurred when the samples were
irrigated aftera drying period of 5 days. We observed that the
rhizosphere remained dry forthe subsequent 2 days, although
the bulk soil was wet. It was unlikely that such large and con-
tinuous water depletion was caused by root uptake.

“Your plants are faulty” was a common comment after pres-
entation of these results.

However, searchingin the literature, we found similar results
in studies on bacteria. Bacteria are surrounded by extracel-
lularpolymeric substances (EPS) thatact as a protective layer
against desiccation and fast rewetting. EPS has a very high
water-holding capacityand a slow rehydration rate compared
with soils [4]. Several studies have reported similar sub-
stances around roots, commonly referred to as mucilage [5].
We concluded that mucilage exuded by rootsis avery reason-
able hypothesisto explain our observations. Mucilage alters
the hydraulic properties of the rhizosphere. Based on the
radiographs and image analysis, we found that the water-
holding capacity of the rhizosphere differs from that of the
bulk soil. It is strongly hysteretic, and has an additional be-
haviour caused by mucilage re-hydration. The resulting het-
erogeneity of the rhizosphere compared with the bulk soil
determines the water dynamics in the rhizosphere.

Significance for root water uptake

The properties of the rhizosphere can affect the gradients of
water potential close to roots; we have investigated this by
analytical calculation ofthe water potential neara single root,
assuming a homogeneous soil or a heterogeneous soil, i.e.
bulk soil plus rhizosphere. The hydraulic properties of the

Figure 3: Calculated water potential near a root with (solid line)
and without rhizosphere (dotted line). The rhizosphere weakens
the drop in water potential that would occur in the case of a
homogeneous soil, but favours root uptake as soil dries.

bulk soil and rhizosphere were derived from the neutron ra-
diographs. Wefoundthatthe rhizosphere, with its high water-
holding capacity, restrained waterdepletion nextto roots and
significantlyweakenedthe drop in water potential as the soil
dried. Evidently, this favours water availability to plants dur-
ingdrought, helping plantsto survivein arid regions. In other
words, plants have learned to modify their soil in order to
facilitate water uptake.

But mucilage may also have counteracting effects, as the re-
duced wettability of the rhizosphere after drying can reduce
water storage capacity in the root zone. In fact, irrigation at
highrates, separated by long dry periods, will resultin strong
water leaching into the deep soil profile with the root zone
remaining relatively dry. Onthe otherhand, frequentirrigation
with slow infiltration rates will maintain the mucilage hy-
drated, with beneficial consequence for water and nutrient
uptake.

This study has shed new light on the specific and dynamic
properties of the root-soil interface. Including the rhizo-
sphere’s dynamics in irrigation policy may help to increase
water storage in the root-zone, decrease water leaching, and
improve water-use efficiency.
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The interplay between magnetism and superconductivity continues to be a central issue in high-temperature
superconductivity. In this report we present a low-energy muon spin relaxation (LE-pSR) investigation address-
ing this issue in a superconducting “wire”. The wire was made of a La1.95Sr.06CuO; film and had a cross-section
0f 0.5 X100 pm?2, We found that running a current through the wire, which suppresses the superconducting order
parameter, increases the magnetic transition temperature. Ourresults indicate that the Ginzburg-Landau coupling

constant between the superconducting and magnetic order parameters is repulsive.

When cuprates are doped, their low-temperature ordered
phase changes from antiferromagnetic (AFM) to superconduct-
ing (SC). The transition takes place over a range of doping
levels where, at low enough temperatures, the samples are
both superconductingand magnetic [1-3]. Phase separation
is usually expected to be due to inhomogeneous doping.
However, alocal probe measurementusing pySRindicated that
the whole volume of the sample is magnetic, i.e. static mag-
netic fields are present in the full volume, including the SC
regions [1]. The nature of the coexisting superconductivityand
magnetism remains a puzzle, with many remaining questions:
What is the type of the transition between the AFM and SC
phases as a function of doping? Is it first-order with phase
separation, or second-order with coexistence? Are the two
orders coupled, and what are the nature and strength of the
coupling?

Here we address these questions by studying the effect of a
currentrunninginasuperconductor, /, onthe magnetic phase
transitiontemperature, T,. Acurrent ofthe order of the second
critical current /., (where the sample becomes normal) de-
creasesthe superconductingorder parameter. Ifthe two orders
interact, the magnetic order parameterwould be expected to
be influenced by the current and eitherincrease or decrease,
depending on the nature of the coupling between the two
orders. This, inturn, willincrease ordecrease Tp, respectively.
Measurements were taken on an 8-m-long wire made of a
La1.945r0.06CuQy film (shown in Figure 1). The thickness of the
film, 0.5 ym, was chosen to be of the order of the penetration
depth, such that the current flows in the bulk of the wire. For

this doping level, the superconducting and magnetic transi-
tion temperatures are 7.=10 K and T,=6 K, respectively.
Probing the magnetic properties of such a thin wire was
achieved by using the LE-uSR technique [4, 5]. In this tech-
nique, fully polarized muons are implanted with a tuneable
low energy into the sample, such that the muons can be
stopped in thin samples. Each implanted muon decays (life-
time1=2.2 us), emitting a positron, preferentiallyin the direc-
tion of its polarization at the time of decay. Using appropri-
ately positioned detectors, the asymmetry of the muon beta
decay is measured as a function of time, which is propor-
tional to the time evolution of the muon spin polarization.

In Figure 2 are presented examples of muon spin depolariza-

tion curves measured in the meander wire at several tem-

260p

Figure 1: A magnified image of part of the SC wire.
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paring the integrated asymmetry to its value in the lowest
temperature measured. Asshownin Figure 3, the application
of a current of about 0.2/.,(7) increases the magnetic phase
transition temperature by 0.420.1K. Note also that, above Ty,
and below 4 K, the application of current has no effect on the
asymmetry. The fact that the current increases T, without
broadening the transition rules out the possibility of tem-
perature inhomogeneities.

Theincrease of T, upon application of currentimplies that the
orders are coupled repulsively. This is complementary to the
effectofa strong magnetic field on doped samples, wherethe
magneticorderis enhanced while the superconductingorder
is suppressed [6, 7]. However, since current, in contrast to
magnetic field, does not couple directly to spin, the effect
presented here is much simpler to analyze. For example, it
shows thatenhanced magnetisminanappliedfield could be
aresultof supercurrentinthebulk [8] and not necessarily due
to magnetism in the vortex core [9]. Furthermore, analysis
based on the Ginzburg-Landau (GL) model shows that the
phase transition between AFM and SC must be close to the
borderbetween first and second order [10].
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On the discovery of a new form of salty ice and
its potential relevance for astrophysics
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M. Saitta, IMPMC, Université P&M Curie, France; Thomas C. Hansen, Institut Laue Langevin, Grenoble, France

Water ice, no matter what kind it is, cannot incorporate large amounts of salt. When frozen, salty water expels

ions and the ice formed contains a lower salt concentration. Here we report on the discovery that salty water may

wellaccept large amounts of salt, if it is frozen under high-pressure. Neutron scattering experiments reveal that

saltions areincorporated within the network of water molecules, very much as in the case of an alloy. The cations

are thought to remain mobile, giving rise to electrical conductivity — large enough to explain the observed mag-

netic fields of the moons of Jupiter and Saturn, if such ice exists there...

Frozen wateris normally unable to incorporate large amounts
of salt. This property is important for our climate, because,
when seawaterfreezes, a solution of higher salinity, so-called
brine, is expelled. Since this has a higher density than the
seawaterbefore, itsinks and drives oceanic circulationsinthe
polarregion. Atthe sametime, the frozenice contains less salt.

Neither our ice, nor exoticice, likes salt...

The inability of ice to incorporate large amounts of saltis not
exclusive to the ordinary (hexagonal) form of ice, but applies
to more exotic forms of ice as well. When compressed above
2000 bar, ice adoptsvarious structures different from ordinary
(hexagonal) ice, which do not exist on Earth. For pure water,
atotal of 15 crystallineice phases have so farbeen identified,
up to pressures of more than 800 kbar [1], but none of these
is reported to accept large amounts of salt. Salt hydrates
constitute an exception, but these so-called clathrates form
aframeworkaround saltionsand sotheirstructure cannotbe
compared with the known phases of pure ice.

...with one exception...

Here we report on the discovery that LiCl, up to a salinity cor-
responding to one LiCl per six molecules of water, can be in-
corporated into a structure of pure ice, more precisely the
so-called PhaseVllice[2].lceVllisthe dominant phase ofice
over a broad range of pressure from 21to about 800 kbar.

For the experiments performed on the neutron powder dif-
fractometer D20 at ILL, about 70 mm? of LiCl:6D,0 solution
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Figure: 1: Neutron diffraction patterns of LiCl:6D,0 upon
warming under 40 kbar pressure (see inset). Close to room
temperature the amorphous sample (broad peak) crystallizes
into salty ice VIl (sharp peak). The tails around the main
reflection peak are due to Huang scattering (see text). Reflection
peaks marked with asterisks are from the pressure cell.

were placed in an opposed-anvil pressure cell (Paris-Edin-
burgh VX5 type), cooled to 80 Kand compressedin-situat 80K
to 40 kbar. Atthese conditions, the structure of the sampleis
disordered (amorphous), as readily found by powder neutron
diffraction. However, when the sample is warmed up under
40 kbar, sudden crystallization is observed near room tem-
perature (Figure 1). Neutron diffraction unambiguously enables
this structure to be assigned to ice VII, i.e. the form of pure
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Figure 2: Snapshots of possible instantaneous configurations
of pure ice VIl (a) and salty ice VII (b-d) incorporating interstitial
Li cations (yellow) and site substituted Cl anions (green).

water that is expected to occur naturally at this temperature
and pressure. The diffraction pattern further shows so-called
Huang diffuse-scattering characterized by tails around the
main reflection peaks. This indicates that the structure is
slightly distorted. Indeed, numerical simulation shows that
the water molecules are off their ideal positions compared
with pure ice VII. Neutron diffraction did not enable the posi-
tionsofLiand Clionsto be determined. However, from simu-
lations, the Cl anions are found to replace water molecules,
whereas the Li cations are positioned between sites of the
water molecules (Figure 2). This calculated structure is in
excellentagreementwith the observed diffraction pattern and
nicelydemonstrates the powerofcombined experimentaland
simulation methods.

Owing to its free position, the Li cation is thought to be able
tojump from site to site, resultinginionic conductance ofthe
compound. When the temperature is high enough, water
molecules are further believed to rotate around their centre
of mass, resulting in what is called a plastic solid (Figure 3).
Indeed, preliminary quasi-elastic neutron scattering experi-
ments carried out on the cold-TOF spectrometer FOCUS at SINQ
allowed the dynamics of the hydrogen atoms in the sample
to be examined and gave first evidence of such a scenario.
This salty ice VIl would thus represent the first plastic form of
ice reported so far, although plasticity is expected by theory
[3]. Experiments on direct measurement of the conductivity
of saltyiceVIlunderpressure, aswell as more detailed quasi-
elastic measurements on the hydrogen dynamics, are in
preparation.

et

[y

Figure 3: Spatial distribution of the H,O dipole moment of pure
ice VI (left) and salty ice VIl (right). In salty ice VII, the distri-
bution is not strictly octahedral, and if dynamically distributed,
is indicative of a plastic solid.

...that may exist on far-distant moons.

High-pressure forms of ice are known to exist on the large
moons of Jupiter, such as Ganymede, Europa and Callisto, as
well as on Saturn’s Titan. Furthermore, recent data from the
Galileo and Cassinimissionsindicate subsurface salty oceans
on some of them [4]. Hitherto, modelling of the interior of
these bodies had assumed pure ice. Significantly, salty ice
VII, with an estimated ionic conductivity of the order of
1072Sm~", would be sufficient to explain the observed mag-
netic fields of Europa and Callisto.
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How large is the proton?
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We have measured the 25-2P energy difference in muonic hydrogen (an atom composed of a muon and a proton)

with a precision of 18 ppm, allowing us to determine the rms charge radius of the proton with a relative accuracy

of 0.1%. Knowledge of this radius has opened the way for testing the theory describing hydrogen energy levels

with previously unachievable levels of accuracy. However, a discrepancy with existing data has emerged from

our measurement, revealing problems in one of the most precisely studied physical systems from both the

theoretical (bound-state QED) and experimental (laser spectroscopy) points of view.

Because of its relatively simple atomic structure, consisting
only of a proton and an electron, the hydrogen atom has been
centraltothe development ofthe theories of atomic structure,
quantum mechanics, and quantum electrodynamics (QED). For
example,the smallobserved deviation of 25-2P energy splitting
fromthe prediction ofthe Dirac equation, called the Lamb shift,
triggered the development of QED. This was a major milestone
in the long adventure of hydrogen spectroscopy, and marked
the beginning of the modern era of precision spectroscopy.
The need forincreased precision has inspired many advances
in lasertechniques, including two-photon spectroscopy, laser
cooling of atoms, and, most recently, the femtosecond laser
frequency comb. In particular, the 1S-2S transition frequency
in hydrogen has been determined with a relative accuracy of
107™[1]. However, priorto our experiment, comparison of these
highlyaccurate measurements with theoretical prediction had
been limited by the poorly known value of the proton radius.
The finite size of the proton (i.e. the fact that the proton is not
point-like) affects the hydrogen ground state energy at the
1070 level.

Our experiment, which has decreased the uncertainty in the
proton rms charge radius by an order of magnitude, has thus
opened a new chapter in the decryption of one of the most
important "Rosetta stones" in physics: the hydrogen atom.

Muonic hydrogen and the proton radius

Muonic hydrogen is an exotic atom composed ofa muon and
a proton. The muon mass is roughly 200 times that of the

electron, which means that in muonic atoms the orbiting
particle moves with an average radius 200 times smallerthan
in "normal" atoms. As a consequence, the influence of the
nuclear (in ourcasethe proton) finite size on the energy levels
is significantly increased. Hence muonic atoms represent a
unique laboratory for the determination of rms charge radii
and other nuclear properties.

In our experiment, precision laser spectroscopy was applied
to muonic hydrogen, whose energy levels are very sensitive
to proton size, and thus we have measured the 2S-2P energy
splitting. By comparing the measured 2S-2P transition fre-
quency with the theoretical prediction, a very precise deter-
mination of the proton charge radius has been made.

Experiment

The principle of the experiment is to capture negative muons
in hydrogen, whereby muonic hydrogen in highly excited states
is formed. Most of these de-excite quickly to the 1S ground
state, but 1% populate the metastable 2S state. A short laser
pulse[2], tuneable around awavelength of 6 pm (correspond-
ing to the energy of the 2S-2P transition), illuminates the
muonic atom one microsecond afterits formation. When the
laser frequency is resonant, the 2S-2P transition is induced,
immediately followed by de-excitation to the ground state
with the emission of a 2P-1S 2 keV X-ray. The detection of this
X-ray coincident with the laser light is used as a signature of
the 2S-2P transition. A resonance curve is obtained (see
Figure 1) by plotting the number of detected 2 keV X-rays co-
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Figure 1: Resonance curve of the 25-2P transition in muonic
hydrogen. On resonance, we have measured a rate of 6 events
per hour. The line position predictions (in orange) have been
computed using the proton radius values given in [3] and [4].

incident with the laser pulse as a function of the laser fre-
quency.

Fromthe centroid position of this line, which has been inferred
with 18 ppm relative accuracy, a proton radius of 0.841(1) fm
was deduced [5]. This new value of the proton radius is 10
times more precise than previously obtained, but disagrees
by 5 standard deviations from the current CODATA value [3].

Proton radius puzzle

The origin of this large difference is notyet known. It may come
from the theory of muonic hydrogen energy levels (used to
deduce the new value), or from problems in hydrogen experi-
ments ortheory (both used to deduce the CODATA value).
Ifthe problem comes from muonic hydrogen energy level the-
ory, an astonishingly large term (larger than 103 of the 25-2P
energy difference) would be missing. It is improbable that a
term of such magnitude has been forgotten. Ifthe theory used
to extract the proton radius from muonic hydrogen is correct,
then the problem arises from hydrogen spectroscopic experi-
ments (measurement of the 1S-2S, 25-8S, 25-12D... transition
frequencies) or from the theoretical prediction of the Lamb
shifts in hydrogen, which is based on bound-state QED.

Why the proton radius is important

The small uncertainty in the new proton radius value
(1x10-®m) has opened the way for checking bound-state QED

calculations (prediction of the 1S Lamb shift) in hydrogen to
an unprecedented level of accuracy (3x107). This is very in-
triguing, since bound-state QED is challenging, both from
technical (mathematical) and from fundamental (binding
effects, relativistic two-body system) points of view. Bound-
state QED in hydrogen has to deal with several expansion
parameters which account for radiative, recoil, relativistic,
binding, and nuclear structure effects. Already, calculation of
the one-loop radiative contributions has taken more than five
decades, because ofthe complexity ofthe binding properties.
A large community is currently working on the two-loop con-
tributions. Two different approaches to the binding effects
have been developed: one perturbative and one all-order/
non-perturbative [6]. Our experiment has opened the way for
checkingthese problematicterms andthevarious approach-
es. Hydrogen may therefore be considered as a platform for
developing tools for even more strongly bound systems.

In summary, the new proton radius value will lead to:

e An order-of-magnitude more precise testing of the theory
describing hydrogen energy levels.

¢ An order-of-magnitude improvement to the Rydberg con-
stant (to a relative level of 1x107"?), which is a major player
in the constants adjustment [3].

e A benchmark for lattice QCD calculation aiming to model
the proton, starting from quarks and theirinteractions [7].

e Confrontation with the electron-proton scattering domain,
which is the historical way used to determine the proton
radius [4].
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MEG — first results
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The search for “New Physics” beyond the Standard Model (SM) is not only restricted to the high-energy frontier

of TeV-scale accelerators. With low-energy but high-intensity machines, sensitive probes such as the muon allow

processes to be experimentally tested which are seen as forbidden in the SM, yet predicted as rare in theories

beyond the SM. One such process, the decay of a muon into a positron and a photon (mu—e gamma or MEG),

would violate lepton-flavour conservation in the SM and hence signify “New Physics”. The search for this decay

is the goal of the MEG experiment.

Lepton-flavour conservation in the SM — the conservation of
the sum of the lepton numbers associated with each particle
of a given generation (flavour) in a reaction, is linked to the
assumption of neutrinos being massless. However, the ex-
perimental verification of neutrino oscillations [1] demon-
strates that the flavour state of a neutrino is a mixture of
definite mass eigenstates, i.e. neutrinos have mass and
lepton-flavour mixing occurs in the neutral lepton sector.

In the charged lepton sector, the search for lepton-flavour
violation (LFV) dates back some 60 years to the pioneering
search by Hinks & Pontecorvo [2] for the decay p*—e*y in
cosmicrays. Todate, nosignal has been observed. Extending
the SM to include neutrinos of a tiny but finite mass allows
lepton flavours to mix and the decay p*—e*ycan then occur,

but at a level that is well beyond experimental detection.
Theories beyond the SM, such as Supersymmetry (SUSY) or
Grand Unification (SUSY-GUT), predict sizeable LFV [3]. Hence,
the MEG experiment, with its state-of-the-art detectortechnol-
ogy and experimental techniques, has a very real chance of
discovery.

First physics run

Following an initial short engineering run at the end of 2007,
an extensive period of re-installation, xenon purification and
detectortesting and calibration culminated in our first phys-
ics run, between September and December 2008. Reduced
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Figure 1: Schematic of the MEG experiment, showing the surface muon beam transport system, on the left, coupled to the supercon-
ducting COBRA positron-spectrometer and LXe photon detector. The drift chambers (DC) and timing-counter arrays (TC), as well as

the thin target, are shown inside the COBRA magnet.
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Figure 2: Measured coincidence time spectrum te, at normal beam
rate, showing the RMD peak above the accidental background
and the fitted resolution function.

beam time in 2009 meant that the first-half of the year was
dedicated to the analysis of our first data, in parallel with
major modifications to the drift chamber system (DC), to solve
a high-voltage stability problem encountered during the
previous run. An upgrade to the DRS digitization electronics
was also undertaken. The remaining three months of data-
taking time proved that the chambers could run at full effi-
ciencyand,intotal, afurther93TB of datawere takenin 2009.

First results

The p*—e*y process is characterized by a 2-body final state,
with the positron and photon being coincident in time and
emitted back-to-backin the restframe ofthe muon, each with
an energy equal to half of the muon mass. Hence, a positron
spectrometerand a photon detectorwith excellenttemporal,
spatialand energyresolutions are prerequisites. In addition,
ahighintensity, good-quality muon beam, aswellas minimal
stopping material, is required to minimize the two major
sources of background: prompt radiative muon decay (RMD)
p—evvyandaccidental coincidences between a high-energy
e*from normal Michel muon decay p—evv and a high-energy
photon from, forexample, RMD, positron annihilation-in-flight
or bremsstrahlung. The layout of the experiment is shown in
Figure 1, with surface muons of 28 MeV/c entering from the
leftand finally stoppingin athin slanted target, placed at the
centre of the COBRA superconducting magnetic positron
spectrometer. The trackingis done using drift chambers, while
fast scintillator timing-counters measure the e*-time. A 900
litre liquid xenon photon detector is used to measure the
energy, time and conversion point of the photon. This allows
full reconstruction of the event [4].

Our 2008 data sample corresponds to almost 10™ muons
stopped in the target. A “blind analysis” approach was
adopted, to preventanybiasinthe procedure. Afteran initial
pre-selection of the data, 16% of events remained. These
data were then re-processed for those events that fell into a
predefined window, “blinding-box”, containing the signal
region for two parameters: the y-ray energy (E,) and the time
difference between the photon and positron (te)). These events
were written to separate “hidden” data files; to be analyzed
only after the analysis procedure had been optimized, using
events outside of this blinding-boxin the “side bands”.

A candidate p*—e*y event is characterized by 5 measured
kinematic parameters: positron energy (E.); photon energy
(Ey; relative time between the photon and positron (te); and
the opening angles between the two particles (Bey and Oey).
Figure 2 shows the tey-distribution for coincident photons and
positrons, extracted from the physics datain the energyregion
40 MeV < Ey< 45 MeV, i.e. below the blinding-box. The RMD
peak is clearly seen above the accidental background and
demonstrates the quality of the coincidence measurement
for signal p*—e*y events. The timing resolution for signal
events (at 52.8 MeV) is estimated to be 6y = (148+17) ps.
Once the algorithms had been optimized and the background
study completed, the blinding-boxwas opened and the number
of signal candidate events determined by means of a maximum
likelihood fit in the analysis region. The likelihood function is
constructed from terms representing the number of events in
each class: signal, RMD and background events, togetherwith
their respective probability density functions. The latter de-
scribethe 5 parametersforeach class of eventsand come from
data or Monte-Carlo simulation tuned to data. From the fit, the
90% confidence intervals and confidence level (C.L.) upper
limitsonthe numberofsignaland RMD events were determined
usingthe Feldman-Cousins approach [5]. We obtained Nsig < 14.7
(90% C.L.). When normalized to the number of Michel e*,
counted simultaneously during the experiment, and using the
same analysis cuts, we obtain the limit on the branching ratio
forthe p*—e*ydecay of: BR (u*—e*y) <2.8 x 107" (90% C.L.).
Based on only 3 months of data collection, our branching
ratio sensitivity [5] is comparable with that of the current
branching ratio limit set by the MEGA experiment [6].
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Band formation from coupled quantum dots
formed by a nanoporous network
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Researchers from PSI, together with partners from the Universities of Basel, Zurich and Heidelberg, have observed
for the first time the coupling of quantum dots created by the interaction of a molecular network with the elec-
tronic states of the surface. This finding suggests the possibility of tuning surface properties, such as resistance,
by imposing a tuneable network on specific surfaces, i.e. creating new metamaterials. This research implies
novel controllable surface materials with future applications in sensors and computing.

The electronic and optical properties of crystalline solids
exhibit characteristics that derive to a large extent from the
periodic arrangement and interactions of their component
quantum systems, such as atoms or molecules. Extending
the principle of such periodic coupling beyond the molecular
regime has given rise to metamaterials, which are composed
of regularly repeated units, in most cases nanoparticles.

Quantum effects that arise from the confinement of elec-
tronic states have been extensively studied for the surface
states of noble metals, which are characterized by a quasi-
two-dimensional (2D) electron gas. These may be visualized
by scanning tunnelling microscopy (STM) as standing wave
patterns arising from scattering at steps and defects orat large
organic molecules, as visible in Figure 1a.
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Figure 1: a) Scanning Tunnelling Microscopy image of a porous molecular network on Cu(111). The perylene derivative DPDI forms a
very stable self-assembled porous network with a periodicity of 2.55 nm and a pore diameter of ~1.6 nm. Standing wave patterns in
the Cu surface state are visible in the image at the right which arise from the scattering of the delocalized electronic states at the
border of the adsorbate adlayer; b) Scanning Tunnelling Spectroscopy (STS) study of the electronic density of states taken at the two
reference points marked by arrows in the image on the left. STS spectra are obtained at 5 K on the clean Cu surface (red) and inside

a pore of the molecular network (black). The latter spectrum exhibits a maximum at-0.22 V, which is attributed to a confined surface

state.
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Figure 2: Angle-Resolved Photoemission Spectra (2" derivative)
depicting the distribution of electronic states in a surface,
dependent on the surface coverage of the porous network.

The red and black dashed lines in the uppermost image indicate
the averaged positions of the maxima of both Lorentzian
components fitted for all measurements.

Self-assembled nanoporous networks at surfaces exhibit a
unique periodicity due to their assembly by programmed
chemicaland physicalinteractions and thermodynamic prin-
ciples. Specifically, DPDI, a perylene derivative, has been
chosen to demonstrate this: Upon thermal treatment at the
surface, itis transformed into an H-bond donorand acceptor
under the release of hydrogen, which then forms the porous
network of Figure 1a.

Here we report on the interplay of the surface state electrons
of Cu(111) with this supramolecular porous network, which
creates an unprecedented quantum dotarray. We used scan-
ning tunnelling spectroscopy (STS) to probe the local (elec-
tronic) density of states (LDOS). Spectra recorded inside a
poredisplayapeakat—0.22Vthatis notobserved onthe bare
metal (Figure 1b). This peakis assigned to the confinement of
the surface state electronsinside the pore. Because each pore
features a confined state, it can be considered as a single
quantum dot that confines electrons in all three directions.
The confinement stems from the interaction of the ad-mole-
culesforming each nanopore of the networkwith the underly-

ingelectronic statesinthe substrate [2]. Theinherent periodic-
ity of the molecular network generates a regular “quantum
dot array” (Figure 1a).

The electronic structure of our quantum dot array was inves-
tigated with angle-resolved photoemission spectroscopy
(ARPES) atthe COPHEE end-station of the Swiss Light Source.
This laterally averaging surface-sensitive technique deter-
minesthebinding energy ofthe occupied states of the system
as a function of the electron momentum. In Figure 2, the 2"
derivative of the ARPES data is shown, which provides evi-
dence of cooperative electronic behaviour. One band (high-
lighted in red) follows the characteristic parabolic dispersion
ofthe Cu surface state whereas the second band (highlighted
in black) is related to the periodic potential of the porous
network. This interpretation is supported by the periodic
continuation ofthe band within Brillouin zones of higher order
that possess the same periodicity as the molecular network
(10 times smaller than the substrate).

The underlying mechanisms for the observed behaviour can
bestbe understood by comparing the electron-gas with waves
in water. Waves in water are reflected by any obstacle they
meet. If the obstacle on the surface in question resembles a
honeycomb structure, standing waves are setup in each cell
of the honeycomb. This then leads to a wave pattern repre-
sentative of the honeycomb structure of the same size and
shape. Therefore, each nanocavity will exhibit discrete elec-
tronic states of the 2D free-electron gas of the surface state.
Butthe periodicarrangement ofthe poreswithin this network,
along with the imperfection of its confinement, results in
electronic bands analogous to the band structure of a solid
created by the periodic potential of its atoms.

The established and prospective possibilities of controlling
the structures of porous networks, together with the charac-
teristic degree of coupling between ad-molecules and the
surface state, suggeststhe fabrication of related systems with
different band structures, resultingin 2D electronic metama-
terials analogous to well-established optical metamaterials.
Analogousto the picture of the waterwave, the interaction of
the network structure with the electron gas on the metal sur-
face confines the electrons, giving rise to a characteristic
electron wave structure in the new material.
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There is still plenty of room at the bottom:
Top-down nanolithography at PSI

Yasin Ekinci, Christian David, Laboratory for Micro- and Nanotechnology, PSI

In 1959, Richard Feynman pointed out the great potential of nanotechnology in his celebrated talk, “There is

plenty ofroom atthe bottom”. Indeed, during the past 50 years, nanotechnology has become a significant feature

across the traditional disciplines of science and technology, with ever-increasing pace. Recent investment in

lithographic tools and techniques has boosted PSI's capability for investigating the properties of nanometre-

scale structures — with applications spanning a wide range of disciplines.

As already envisaged by Feynman [1], two fundamental ap-
proaches exist for creating nanometre structures. "Bottom-up"
methods, involving the synthesis of devices from elementary
—possiblyatomic—building blocks, give ultimate resolution,
butthe assembly of complex designs becomes a tough chal-
lenge. The "top down" approach, i.e. the miniaturization of
machining processes, has already revolutionized our lives;
the most obvious example being today's integrated circuits
for computing and telecommunication.

The Laboratory of Micro- and Nanotechnology (LMN) is pursu-
ing cutting-edge research in fundamentaland applied micro-
and nanotechnology. The research areas of LMN, including
molecularnanoscience, nano-magnetism, nano-optics, X-ray
optics and sensor devices, have been supported by its state-
of-the-art cleanroom laboratories with micro- and nanofabri-
cation facilities. In 2009, a new, high-end electron-beam

lithography system was installed (Figure 1a) and an upgrade
made to the EUV-IL facility.

A sharp knife of fast electrons

Similar to a scanning electron microscope, a tightly focused
electron beam can be used to “write” features with nanome-
tre resolution. LMN's new Vistec EBPG5000+ is among the
best systemsintheworldinterms of resolution, accuracy and
speed. Itfeatures avery high electron energy of up to 100 keV
(resulting in reduced scattering) to create narrow but tall
structures (Figure 1) — like a hot knife cutting through a piece
of butter. Steered by a programmable pattern generator, virtu-
ally any design can be written, providing ultimate flexibility
for the fabrication of prototypes for research. For example,

Figure 1: New ultra-high-resolution electron-beam lithography system (left). The system is used for writing complex nano structures,

e.g. split-ring resonators consisting of narrow but tall gold shapes, which exhibit extraordinary optical properties (right). Line width:

60 nm, height: 1000 nm. Sample made by S. Gorelick.
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Figure 2: The EUV-IL station installed at the SLS uses holographic
grating masks for ultra-high-resolution exposures in the EUV
range (top).

10-nm-wide zinc-oxide nanowires created by EUV-IL (bottom).
Sample made by V. Auzelyte.

diffractive X-ray lenses made by LMN have recently led to
unrivalled resolution in X-ray microscopy [2].

Duetoits sequential nature of writing, electron-beam lithog-
raphy is intrinsically slow, making it inefficient for the mass
production of nanostructures. However, itis often the originat-
ing technique for templates and masks, which can be repli-
cated in a much faster and parallel fashion.

Nano-printing versus nano-writing

Feynman already proposed the replication of nanostructured
masters by imprinting them into a polymer layer. Today, half
a century later, this method is applied in many laboratories,
including at PSI [3]. Masters are generated using our new
e-beamwriter, and a start-up named EULITHA serves the high
demand of customers from around the world for high-quality
nanolithography stamps.

To go even beyond the resolution limit defined by the master
structures, PSl has pioneered a novel lithography approach:
Extreme UV Interference Lithography (EUV-IL) uses synchro-

tron-generated EUV light at 13.5 nm wavelength and holo-
graphic gratings written by an electron beam. The first EUV-IL
tool, named XIL-l and developed over the past few years at
PSI, has been extensively used for both scientific and com-
mercial applications. EUV-ILis used for the patterning of pe-
riodic nanostructures over large areas in a parallel process,
resulting in a much higher throughput than electron-beam
lithography. In addition, it outperforms e-beam lithography
intermsofresolution, as the structures produced are a factor
of two finer than mask structures. With this method, a world
record in resolution for photolithography was obtained, pro-
ducingagratingwith 11 nm lines/spacesin resist [4]. In addi-
tion to the standard lithographic method of resist exposure
and pattern transfer, functional nanomaterials, such as ZnO
nanodots and nanowires, can be obtained directly by EUV-
induced lithography (Figure 2). ZnO nanostructures, which
areinteresting foropticalapplications, have been synthesized
using chemical methods, whereas we are now able to do the
same with top-down lithography, which allows precise posi-
tioning, better size control and integration into hierarchal
devices. Industrialresearch with EUV-ILfocuses mainlyonthe
evaluation of novel photoresists forthe production of future-
generation computer processors and memory chips.
Owingtothe great success of XIL-I, which has been operating
as a branch of the SIS beamline with 15% beam-time share,
SLS has decided on a significant upgrade of this beamline.
The upgrade consists of the installation of a new undulator
and an on-site clean-room facility. XIL-1l will serve industrial
and academic research with higher beam-time availability
and better performance.

Thanks to these two new patterningtools, PSlis now hosting
cutting-edge technology in e-beam lithography and a world-
leading tool for photon-based lithography. The sub-10 nm
regime, which has been the domain of bottom-up approach-
es, is clearly within reach of top-down lithography, opening
up new opportunities. This puts us in an excellent strategic
position to significantly advance nanoscience and technol-
ogy, which will have a significantimpact on our future world.
We cometo the conclusion thatthere is still plenty of room at
the bottom.
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Three-dimensional structure of a Vascular Endothe-
lial Growth Factor receptor signalling complex
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Vascular Endothelial Growth Factors (VEGFs) regulate blood and lymph vessel formation through activation of

specific cell surface receptors. After ligand binding to the extracellular domain, VEGF receptors (VEGFRs) are

dimerized and activated. The crystal structure of the ligand binding domain of a VEGF/VEGFR complex reveals

the molecular details of this high-affinity interaction. Together with a structure of the entire extracellular recep-

tor domain, these data allowed the mechanism of receptor activation to be deciphered. This information will be

usefulin the development of new drugs aimed at blocking aberrant vessel formation in disease.

Vascular Endothelial Growth Factors
regulate the development of blood and
lymphatic vessels

The formation of blood and lymphaticvessels in multi-cellular
organisms is orchestrated by the interplay between a pleth-
ora of hormone-like growth and differentiation factors, such
asVascularEndothelial Growth Factors [1]. VEGFs areimportant
forthe development of blood and lymphatic vessels in a de-
veloping organism. Specific VEGF isoforms are also released
by cells in damaged tissues lacking adequate blood supply,
and therefore deprived of oxygen and nutrients. In this way,
VEGF regulates vessel regeneration and homeostasis.

Aberrant signalling by VEGF receptors is
associated with several diseases

Aberrant activation of VEGF receptors (VEGFRs) or excessive
expression of VEGF leads to pathological vessel growth in
diseases such as rheumatoid arthritis, atherosclerosis,
macular degeneration, or diabetic retinopathy. New vessel
formationisalsoahallmarkof cancerlesions, where nutrient
and oxygen supply and the removal of cellular degradation
products are essential fortumour cell growth. Itis well estab-
lishedthattumourswhich are unable to promote vessel forma-
tionwillnot grow beyond the size of a few millimetres and will
not invade surrounding tissue [2]. Such tumours assume a
dormant state not manifested by disease.

The activity of VEGF is easily observed in the model system
shown in Figure 1. VEGF applied to the surface of the chick
chorioallantoic membrane —the ‘primordial’ lung of the chick
embryo developinginthe egg shell - promotesvesselforma-
tion, while neutralizing VEGF-specific antibodies completely
block vascularization [3]. This concept is exploited in new
therapeutics applied in ocular disease, such as macular de-
generation, and in tumour therapy [4].

Structural analysis of a VEGF-C/VEGFR-2 complex

To gain insight into receptor function and specificity of VEGF
family proteins, and to analyze the mechanism of receptor
activation, we have determined the structure ofa VEGF ligand/
receptor complex. VEGF-C, essential for lymphangiogenesis,

No addition

VEGF

VEGF + antibody

2.5 mm 25mm

Figure 1: VEGF applied to the chorioallantoic membrane of a chick
embryo promotes vessel growth (middle panel), while VEGF
neutralization with a VEGF antibody blocks this process (right
panel [3]).
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Figure 2: Structure of the ligand binding domain of VEGFR-2

(in yellow and red) consisting of subdomains 2 and 3 in complex
with VEGF-C (in blue and green, V.-M. Leppanen et al., PNAS
online 2010, doi:10.1073/pnas.0914318107).

e

Figure 3: Model of the entire extracellular domain encompassing
all 7 subdomains of VEGFR-2 in complex with VEGF-C. The X-ray
structure shown in Figure 2 was fitted into a model derived from
solution scattering data obtained with purified receptor/ligand
complex [6, 7].

and the extracellularligand binding domain of VEGFR-2 were
produced in insect cells using the baculovirus expression
system. The protein complexwas purified by affinity chroma-
tographyandits functionality determined biochemically. The
complexwas crystallized and analyzed at the Swiss Synchro-
tron Light Source at PSI. Figure 2 shows the structure of the
complex. Two receptorproteins and a covalently linked VEGF-
Cdimerforma2:2 complex. The highresolution ofthe protein
structure allowed the molecular details of the interactions
that form the ligand/receptor binding site to be determined.
Figure 3shows amodelofthe full-length extracellulardomain,
consistingof all seven subdomains. The modelwas built from
small-angle X-ray solution scattering (SAXS) data and the
high-resolution structure from Figure 2 was fitted into the
ligand binding domain.

Conclusions

Drug development is based on two concepts. Traditionally,
high-throughput screening programmes have been used to
identify chemical compounds interacting with specific mo-
leculartargets relevantin a particular disease. Alternatively,
amorerationalapproachisapplied, inwhich structuralinfor-
mation for a disease-relevant molecular target is used to
develop new, highly specific compounds. Such compounds
will be designed to either inhibit or activate the function of
the drugtarget. VEGFs and theirreceptors have been targeted
by several drug companies to interfere with aberrant vessel
formationin disease, and avariety of successful drugs which
block VEGF action are on the market today. The detailed
analysis of VEGFR structures and the understanding of the
activation mechanism ofthis receptorin molecularterms will
hopefully contribute to the design of a new generation of re-
ceptor antagonists — or agonists. The structure shown here,
and a low-resolution structure published earlier [5], open up
new possibilities for the rational design of drugs interfering
with VEGF binding and receptor dimerization.
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Hitchhiking through cytoplasmic space
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Microtubule plus-end tracking proteins (+TIPs) are a diverse group of proteins involved in numerous vital cell

activities, including cell division and migration, which localize to and track growing microtubule ends. We have
delineated the underlying mechanism of this targeting process by identifying a universal microtubule tip lo-
calization signal (MtLS) that guides +TIPs to growing microtubule tips and thus enables them to explore cyto-

plasmic space.

Microtubules are filamentous structures involved in many
vital cellular activities. They contain two structurally and
functionally distinctends: slow-growing minus ends and fast-
growing plus ends. In cells, microtubule minus ends are
stable, whereas microtubule plus ends are highly dynamic
and stochastically switch between phases of growing and
shortening. The intrinsic dynamic nature of microtubules is
centralto microtubule function and is tightly regulated, both
spatially and temporally, by diverse microtubule-binding
proteins. +TIPs are a diverse group of proteins involved in
numerous microtubule-based cell activities [1-6]. Recently, it
was discovered that end-binding protein 1(EB1) regulates the
interaction of +TIPs with microtubule plus ends, but the
mechanism by which this is achieved was unclear. We have
addressed this fundamental question by using a multidisci-
plinary experimental approach.

Four amino acid residues functionally
conserved in numerous +TIPs

Toinvestigate theinteraction between diverse +TIPsand EB1,
we have carried out sequence analysis of +TIPs and identified
a four amino acid motif, Ser-x-1le-Pro (SxIP, where x denotes
any amino acid) that was conserved among several +TIPs
(Figure 1). Full-length +TIPs and fragments containing SxIP
were found to interact with EB1and to track growing microtu-
bule plus endsin cells (Figure 2A). Changesinthe amino acid
sequence of SxIP abrogated the process, indicating that this
motif forms the basis of the EB1-mediated interaction between
+TIPs and microtubule ends (Figure 2B).

Structural analysis of the EB1-SxIP interaction

EB1 harbours an EB homology domain which is known to
contain a highly conserved hydrophobic cavity, and the sub-
stitution of hydrophobic residues in SxIP with polar ones
abolishedtheinteraction between +TIP and EB1[7, 8]. Based
on this, we proposed that SxIP and the hydrophobic cavity of
EB1 are the major interacting sites. Indeed, examination of
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Figure 1: Sequence alignment of different human +TIPs showing
the conservation of the SxIP motif.

Figure 2: Live-cell imaging of the wild-type +TIP MCAK (A) and a
variant in which the SxIP motif was mutated (B).
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Figure 3: X-ray crystal structure of the EB1-SxIP interaction. Left panel: EB1 is depicted as surface representation colour-coded with
the electrostatic potential; the SxIP motif is shown in a yellow-sticks representation. Right panel: EB1 is depicted as a grey ribbon

with interacting side chains represented as sticks.

the crystal structure of a complex of EB1and the +TIP micro-
tubule-actin crosslinking factor (MACF) identified contact sites
that correspond to the SxIP of MACF and the hydrophobic
cavity of EB1 (Figure 3). This finding was extended to other
+TIPs using nuclear magnetic resonance studies [7].

Conclusions

Our data reveal that +TIPs bind to the hydrophobic cavity of
EB1through the SxIP motif, and this interaction directs them
to microtubule tips, where they can carry out their functions
by hitchhiking through cytoplasmic space [7]. Future studies,
interfering with this microtubule tip localization signal (MtLS)
through amino acid substitutions, willenable furtherdissec-
tion of the role of microtubule tip tracking in vital cellular
processes.

References

[1 A.Akhmanova, M.O. Steinmetz, Nature Rev. Mol.
Cell Biol. 9309-322 (2008).

[2] M.O. Steinmetz, A. Akhmanova, Trends Biochem.
Sci. 33535-545 (2008).

[3] S.Honnappa, 0. Okhrimenko, R. Jaussi, H. Jawhari,
I. Jelesarov, F.K. Winkler, M.O. Steinmetz, Mol.
Cell 23 663-671(2006).

[4] A.Weisbrich, S. Honnappa, R. Jaussi, 0. Okhrimenko,

—_—

D. Frey, I. Jelesarov, A. Akhmanova, M.O. Steinmetz,
Nature Struct. Mol. Biol. 14 959-967 (2007).

[5] I. Grigoriev, S., Montenegro Gouveia, B. van derVaart,

—_

J. Demmers, J.T. Smyth, S. Honnappa, D. Splinter,
M.O. Steinmetz, J.W. Putney, C.C. Hoogenraad,
A. Akhmanova, Curr. Biol. 18 177-182 (2008).

[6] Y.Komarova, C.0. De Groot, |. Grigoriev, S. Montenegro Gou-

veia, L. Munteanu, J.M. Schober, S. Honnappa, R.M. Buey,
C.C. Hoogenraad, M. Dogterom, G.G. Borisy, M.O. Stein-
metz, A. Akhmanova, J. Cell Biol. 184 691-706 (2009).

[7]1 S.Honnappa, S. Montenegro Gouveia, A. Weisbrich,

—

F.F. Damberger, N.S.Bhavesh, H. Jawhari, |. Grigoriev,
F.J.A.van Rijssel, R.M. Buey, A. Lawera, |. Jelesarov,
F.K. Winkler, K. Wiithrich, A. Akhmanova, M.O. Stein-
metz, An EB1-binding motif acts as a microtubule tip
localization signal, Cell138 366-376 (2009).

S. Honnappa, C.M. John, D. Kostrewa, F.K. Winkler,
M.O. Steinmetz, EMBO J. 24 261-269 (2005).

[8




48 Research focus and highlights - Radiopharmacy

PSI Scientific Report 2009

Tumour targeting with radiolabelled Self-Assembling

Peptide Nanoparticles
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The special characteristics of the tumour vasculature allow preferential accumulation of polymeric drugs and

nanoparticles in the tumour tissue. Conjugation of nanoparticles with peptides that bind to receptors overex-

pressed on tumour cell membranes, such as Bombesin (BBS), or tumourvasculature, such as RGD, renders them

highly specific and may increase significantly their potential as tumour-targeting agents for cancer diagnosis

and therapy.

The lack of selectivity of anticancerdrugs and their collateral
side effects on normal cells are serious limitations in current
cancer chemotherapy. The development of more selective
delivery systemsforcancerdiagnosisandtherapyistherefore
one of the most important goals of anticancer research. The
application of nanotechnology to healthcare was initially
focused on improving the properties of already available
therapeuticand diagnostic modalities. More recently, efforts
have been dedicated to the development of entirely novel
therapeutic and diagnostic approaches [1-3]. A critical point
for the use of nanoparticles in cancer imaging and/or treat-
ment is their ability to specifically target cancerous tissue.

Targeting
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Figure 1: Schematic representation of SAPN synthesis and
radiolabelling.

Peptides are interesting molecules that bind to receptors
overexpressed onthetumourcellmembrane oron the tumour
vasculature during neoangiogenesis [4, 5]. Hence, conjugation
of peptides to nanoparticles renders the latter highly spe-
cificand mayincrease significantly their potentialas tumour-
targeting agents forcancerdiagnosis and therapy. Bombesin
(BBS) receptors are overexpressed in most prostate and breast
cancercells and integrin receptors are highly expressed dur-
ing neoangiogenesis. Several constructs have been cloned,
expressed and purified. One ofthem showed highlyimproved
nanoparticle formation and allowed highly homogeneous
preparationsto be achievedthatare less prone to aggregation
and easier to handle for further chemical modifications and
radiolabelling (Figure 1). We have prepared self-assembling
peptide nanoparticles (SAPN) with different ratios of targeting
peptide (BBS, RGD or both). The new SAPN conjugates were
successfully labelled with °°™Tc and evaluated in vitro and in
vivo.

Cell binding

In vitro tests with *°™Tc-labelled SAPNs were performed in
intact human prostate cancer PC-3 cells. Binding to tumour
cells increased with time for all the SAPNs. It was slower in
the firstfew hours forthe native SAPN (non-targeted) and the
SAPNswith 2 and 5 BBS residues. The targeted SAPNs with 10
or more BBS sequences, as well as with RGD, showed faster
binding in the first 4 hours. No changes were observed at
longer incubation times (Figure 2). In all cases, most of the
radioactivity associated with the cells was located inside
them, since lessthan 15% of bound radioactivity was recovered
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Figure 2: Comparison of the binding of the *™Tc- SPANs
conjugated with BBS (A) and RGD (B).

by acid wash (membrane-bound activity). The native SAPN
was also taken up by the cells, most likely through a mecha-
nismnotinvolving peptide receptors. The factthatthe binding
could beinhibited by about 70% with the non-targeted SAPN
(10 pg/mL), whereas only by 10 to 20% with cold peptide
(10 pMm), shows that the main mechanism of endocytosis is
nottheclassical clathrin-dependentreceptor-mediated path-
way.

Biodistribution

Infirstinvivo studiesin mice bearing PC-3 tumourxenografts,
tumouruptake was lowatall post-injection (p.i.) times tested,
which can be partially explained by a fast clearance of the
tracer from the blood pool (< 0.5 % ID/g at 1h p.i.). This rapid
blood clearance may be due to a process of opsonization or
removal by the mononuclear phagocytic system (MPS) [6, 7].
The sequestration of nanoparticles by reticuloendothelial
system (RES) organs is very rapid and concentrates in the
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Figure 3: Biodistribution of **™Tc-P6¢c-BBS_50:10 (SAPN with
10 BBS residues) in nude mice with PC-3 tumour xenografts
(75 kBg/mouse i.v.).

liverand spleen, whichis consistent with our data and would
explain the high radioactivity found in the liverand spleen at
all p.i. times tested (Figure 3).

The addition of PEG (PEGylation) to the surface of nanoparti-
cleshasbeen successfully used toincrease theirblood circu-
lation half-life [8, 9], which is important. PEGylation helps to
create a hydrophilic protective layeraround the nanoparticles
that is able to repel the absorption of opsonin proteins via
steric repulsion forces. Lower opsonization will result in in-
creased residence time in blood, lower uptake in RES organs
and higheraccumulationinthetargettissue. The most prom-
ising SAPNs will be PEGylated and furthertests will be carried
outto evaluatetheinfluence of PEGylation on the biodistribu-
tion and tumour targeting potential after radiolabelling.
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Clinical pilot study with a novel, radiolabelled

vitamin B+, derivative

Robert Waibel, Christine de Pasquale, Peter Blauenstein, P. August Schubiger, Roger Schibli,

Centre for Radiopharmaceutical Sciences, ETH-PSI-USZ; Irene Burger, Niklaus Schéfer, Division of Oncology,

USZ (University Hospital Zurich)

Vitamin B, is essential for life. Rapidly growing cells show an increasing demand for nutrients and vitamins. The

objective of our work was to exploit the supply route of vitamin B, to deliver new derivatives of this vital vitamin

to hyperproliferative cells. We have identified transcobalamin | on tumours as a possible new receptor for a

preferential accumulation of vitamin-mediated targeting. The low systemic distribution of radioactivity and the

high tumour-to-blood ratio opened up the possibility of a successful clinical application of vitamin B, for imag-

ing or therapy.

Startingin 2002, we undertooka new effort to improve target-
ing of radiolabeled vitamin By, to tumours with different
analogs (derivatization attheribose part, the cyanide ligand,
or use of a more stable chelating system), but failed initially
to decrease high kidney and liver uptake due to the intrinsic
tendency of vitamin B1, to be stored in these organs [1-7].

Anotherapproach wastherefore required to interfere with the
storage function of these organs. For clinical application of
radiopharmaceuticals, itis known that high kidney uptake of
radiolabelled compounds may lead to radiation toxicity. Since
the radiation dose to the kidney is often the dose-limiting
factor for application of radiopharmaceuticals, we set out to
investigate the possibility of preventing high organ uptake by
disrupting the binding of vitamin By, to its transport protein
TCll, and therefore inhibiting uptake mediated by the receptors

TCII-R and megalin. By abolishing the binding of vitamin By,
to TCll, a decreased non-targeted organ uptake can be ex-
pected. Furthermore, by interfering with the binding of vitamin
B, with circulating TCII, radioactive vitamin B+, being a small
molecule, cleared much faster from the blood than protein-
bound vitamin B, resulting in lower systemic toxicity [8].

Vitamin B1,-PAMA(4) was radiolabelled with 99m-Technetium
and the IsoLink™ kit which was developed and patented in
acollaboration between PSland Covidien Inc. Radiochemical
purity after HPLC was >95%. Biodistribution studies were
performed in vitamin Bq,-free feed mice bearing various syn-
genic and xenogenic tumours (e.g. melanoma, bladder,
pancreas, renal, colon and prostate carcinoma) (Figure 1). In
mice, vitamin B1;-PAMA(4) accumulated specifically in tumours
(except colon and prostate carcinoma). Fast renal excretion

Figure 1:
(A) Structure of vitamin

Bladder B12-PAMA(4) technetium
derivative.
max. . — min. (B) SPECT/CT scan of a

mouse carrying a tumour
at the neck, 24h afteri.v.
injection of (A).
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Figure 2: TCl expression of different tumour tissue was shown by
immunohistochemistry with a polyclonal anti-TCl antibody
(brown). The cell nuclei were stained with haematoxylin (blue).

Figure 3: Radiolabelling of our vitamin B12-PAMA(4) under GMP
conditions.

and low uptake in the liver and the glands were observed,
which was attributed to the abolished binding to TCIl. We
identified transcobalamin | (TCI) in the mouse modeland on
human tumourtissue asthe target of ourvitamin B1,-PAMA(4)
derivative (Figure 2).

Based onthese encouraging data, we initiated the production
of ourlead compound vitamin By;-Pama(4) according to GMP
(Good Manufacturing Practice) standards (Figure 3). Ap-
proval for a clinical study was obtained by Swissmedic, BAG
(the Swiss Federal Office of Public Health) and the ethical
commission and, in late 2008, a clinical pilot study could be
initiated at the University Hospital in Zurich (USZ, Dept. of
Oncology and Nuclear Medicine). Until the end of 2009,
seven patients with various cancer types (e.g. bronchial,
mesopharyngeal, colorectal and prostate carcinomas) had
beenincludedinthe study. Patients had no dietaryrestrictions
before and during the study.

Fast and efficient renal elimination was also observed in the
patients. However, vitamin B1,-PAMA(4) revealed significant
uptake in the livers of all patients. Good tumour uptake was
observed in patients with bronchial and mesopharyngeal

J-"
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™
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Figure 4: SPECT image 12 min (A) and 1h (B) after i.v. injection of
radiolabelled vitamin B1.-PAMA(4) in a patient with bronchial
carcinoma.

carcinomas (Figure 4). These good results in patients con-
firmed the results obtained in animals and will help us find
anindustrial partner for further clinical studies (multi-centre
study) which are beyond our capacity.

Conclusion

Vitamin B1;-PAMA(4) showed good tumourtargeting capacity
in certain types of carcinomas. Due to the abolishion of TCII
binding, fast and efficient renal elimination in the mouse
modelwas observed, aswellasin patients, whichisadistinct
advantage comparedto othervitamin By, derivatives. The high
liveruptake in patients was unexpected and is the subject of
ongoing investigations.
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Low-alpha operation of the SLS storage ring

Michael Boge, Natalia Milas, Andreas Streun, Department of Large Research Facilities, PS/

Recently, the Swiss Light Source (SLS) storage ring was operated at low momentum compaction factor a. The

motivation for setting up this mode of operation was the demand by SLS users performing time-resolved ex-

periments for a substantial X-ray flux at a pulse length of a few picoseconds rms. This mode is also interesting

for THz experiments due to the high yield of coherent radiation. In the new low-a mode, the total stored current

is 50 mA, distributed over 390 bunches of 8 ps rms length, a factor 5 smaller than in normal operational mode.

Low-a mode lattice set-up

Electrons circulating in a storage ring do not all have exactly
the design energy E,, butdeviate by smallamounts AE, which
are Gaussian distributed due to synchrotron radiation effects.
If a particle has a positive energy deviation AE> 0, it will take
awidercurveinthe bending magnets ofthe storagering, and
thus the length of its path for one roundtrip will be longer by
some amount AL compared with the ring circumference L,
defined forthe design energy £,. The momentum compaction
factor a connects the relative variation of path length to the
relative energy deviation by the relation:

AL/Lo= a1 AE/Eg+as - (DE/EQ)>+ ...
The interplay of the energy dependence of path length, and
with itthe roundtrip time, with the time-dependentaccelerat-
ing voltage of the storage ring’s radio-frequency cavities en-
sures longitudinal stability of motion and leads to the forma-
tion of particle bunches. The length of these bunches is
mainly determined by the linear momentum compaction fac-
tor, which is proportional to the square root of ai. The value
of as can be adjusted by modification of the dispersion func-
tion of the storage ring lattice, which is achieved by setting
the quadrupole currents appropriately.
The idea behind the low-a mode is to set a lower value of a;
andthus makethe particles’ path length almostindependent
of energy. As a consequence, the bunch length is reduced;
however, the longitudinal stability is reduced as well and
non-lineareffects due to quadratic (a,) and higher-orderterms
of momentum compaction and instabilities become more
apparent.
The SLS storage ring has a circumference of 288 m and oper-
atesat 2.4 GeV.Innormaloperation mode, the lattice provides
an emittance of 5.5 nm. A linear momentum compaction of
a1=6.5-10"*results in a bunch length (in time) of 16 ps rms

(or 5 mm long). In standard 400 mA top-up user operation,
the bunch lengthisincreased on purposetoabout 40 psrms
(bunch train average) by means of 3" harmonic Landau cavi-
ties, in order to suppress instabilities and increase beam
lifetime.

The low-a optics provides a linearmomentum compaction of
a1=5.3-10, corresponding to a natural bunch length of 4 ps.
The emittance forthisopticsis largerthaninnormaloperation
and amounts to 13 nm.

The quadratic term a; is controlled by sextupoles in lattice
regionswith non-zero dispersion function. Since SLS has three
such sextupole families, and only two ofthem are required to
adjust the chromaticity, a, could be tuned using the third
family. It was set to the lowest possible value (considering
the sextupole current range) of a, = 1.84-1073, since a large
value reduces the longitudinal acceptance and the orbit
stability.

Injection efficiency and orbit correction

Innormaloperation, theinjection efficiency from the booster
synchrotron tothe SLS storage ring is close to 100%. In low-a
mode, however, the longitudinal acceptance is reduced and
the storagering cannotcompletely capture the electron bunch
delivered by the booster synchrotron, which hasan rmslength
ofabout20 mm, or 67 ps. Calculations predicted that 46% of
the incoming bunch would be captured by the low-a lattice.
The measured value of 40% is very close and gives good
agreement between the real lattice and theory.

Initially, the usual orbit correction scheme did not converge
forthe low-a case, due to the non-linearity and sensitivity of
the beam energy to changes of radio-frequency Af/f=-AL/L
for low ai. Instead, we measured the energy offset to be cor-
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Figure 1: Bunch length as a function of current per bucket.
The red full line is a fit of the empirical 3/8-power law to the
data. For currents around 200 pA/bucket, the bunch length
deviates from the empirical function as shown by the data
points within the circle.

rected (AE/E,) from a dispersion fitto the orbit, calculated the
required frequency shift (Af) for correcting the momentum,
and then applied a step-by-step correction, without fre-
quency correction, forthe remaining orbit distortion. This was
iterated until the frequency change increments became suf-
ficiently smallthatthe slow orbit feedback started to converge
again. After fixing the problem related to the non-linear Af
(AE/E,) dependency, the theoreticalvalues fora;and a, could
be used to correct large initial orbit distortions. Finally, the
fast orbit feedback system could be putinto operation.

Characterisation of the low-a mode

We carried out a series of measurements to characterise the
mode implemented in SLS, using the theoretical value of
a, to obtain a; from measurements of synchrotron tune and
orbit displacement versus RF frequency [2]. We calculated
a1=(3.6%0.2) 107>, whichisreasonably close to the expected
value of 5.3-107>, considering the very small values.

The bunch length was measured as a function of the stored
current per bunch. Results are shown in Figure 1, where the
red solid line is fitting to the data using an empirical formula
in which the bunch length scales with the current to a power
of3/8[3]. The onset of turbulentbunch lengtheningis atabout
50 pA per bunch; at currents higher than 200 pA per bunch
we also observed afastinstability (“outlier” points circled in
Figure 1).

Spectra of coherent THz radiation were taken at the infrared
beamline for the series of 21 April 2009 (cf. Figure 1). The in-
tegrated intensityrevealed a quadratic dependence on current
upto 60 pAperbunch; above, itrose faster,whichwe believe
to be due to a deviation from the Gaussian distribution of

Figure 2: Bursts of coherent THz radiation appear in the beam
spectrum at the synchrotron frequency of the low-a mode of
1.681 kHz. The inset shows the time signal. The current was 183
HA per bunch.

charge in the bunch extending coherent THz radiation to
higherfrequencies. Forcurrents above 180 pA, bursts of coher-
entTHzwere observed (cf. Figure 2), which indicate the forma-
tion of microstructuresinthe electron bunch [4]. The bursting
peaks appear at a frequency of 1.681 kHz, which is identical
tothe measured synchrotron frequency. These bursts deliver
veryintense coherentTHz radiation, howevernotin a control-
led manner, as has been previously observed at other light
sources operating in low-a mode.

Performance results

After characterising the low-a mode, we established the
standard “SLS low-a user mode” with 50 mA total stored cur-
rent distributed in 390 bunches. In this mode, the bunch
lengthis 8 ps, as requested by the users. This was verified by
streak camera measurements and by scanning the bunch
using laser-beam slicing at the SLS FEMTO beamline. For the
2010 run, two sets of 7 shifts each are scheduled for low-a
operation atthe SLS.
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Expansion based on continuity: Technology projects
in proton therapy justified by clinical results

Eugen Hug, Christian Bula, Gudrun Goitein, David Meer, Eros Pedroni, Jorn Verwey, Center for Proton Therapy, PSI

Analysis of long-term clinical results of proton irradiation for deep-seated tumours has proven the safety and

efficacy of spot-scanning-based proton therapy at PSI. The implementation phase of Gantry 2 and the next-

generation scanning system has continued, and the new treatment unit for eye tumours (OPTIS2) was success-

fully commissioned, allowing transfer of OPTIS to OPTIS2 during the coming year.

The year 2009 marked the second year of patient treatment
at CPT after the start-up of the dedicated cyclotron, during
which 116 patients were treated at Gantry 1, again setting a
new record high. The clinical programme continued its major
emphasis on difficult-to-treat tumours at the skull base, tu-
mours next to the spinal cord and tumours in infants and
children. The reliability of the overall system, i.e. from accel-
erator to patient treatment, proved again to be remarkably
high. On the otherhand, the difficulties of keeping the OPTIS
programme running (224 patients treated in 2009) based on
the aged Injector1proved the need and urgency to complete
thetransfertothe new OPTIS 2 treatment unit, connected with
the cyclotron COMET.

As enthusiasm for spot-scanning-based particle therapy
continues worldwide, and as other centres implement first-
generation systems, the issue of the “safety and efficacy” of
spot-scanning-based proton therapy, compared with the
historically used passive scattering technology, becomes of
paramountimportance. Only PSl is presently able to provide
these important clinical data, with 517 patients having been
treated on Gantry 1 from 1996 to October 2009. Until 2007,
patient numbers were limited and only rose slowly, from 9 to
50 patients peryear. Afterthe dedicated cyclotron had become
operationalin 2007, these numbers jumped from 59 in 2007
to 106 in 2008 and 116 in 2009. About 70% of patients were
treated for cancer of connective tissues (e.g. muscles or
bones), called “sarcomas”. Another large subgroup was tu-
mours of the brain (20%).

At present, we have follow-up information about tumour
status on over 300 patients more than 2 years after proton
therapy and on over 250 patients after 4 years. At present,
over 130 patients have been analyzed, providing first “long-
term” data that are customarily quoted as “actuarial 5-year
outcomes data”. Our data provide the medical evidence for
the “safety and feasibility” of spot-scanning technology for

the clinicalindications presently treated at PSI. The research
effort at PSI in the field of particle therapy of deep-seated
tumours, starting with Pion Therapy in the 1980s, has now
come full circle. From initial design and treatment concepts,
to earlyresearch, manufacturingand clinicalimplementation,
to ultimately routine use and now proof of not only principal,
butactual, readiness forwidespread clinicalimplementation,
isanoutstandingaccomplishmentby literallyone generation
of researchers at PSI. The ability to control tumours, and es-
sentially cure patients in many cases in which an actual cure
was previously rarely an option, is an extremely satisfying
result. However, our experience has also demonstrated that
we are indeed “pushing the envelope” of current radiation
oncology practice. High-dose precision radiation therapy in
close proximity to vital organs still has its inherent risks. A
minority of patients experienced severe side effects from
treatment, which were not due to mistakes or mistreatment,
but rather reflected the inherent risks of any high-precision,
high-dose cancer treatment — similar to aggressive surgery.
The overall complication rate of 6% in our series is compara-
bletothatofotherparticle centres. However, it demonstrates
that particletherapy has to be conducted with utmostdiligence
and the highest standards of quality and safety.

We feel therefore encouraged to proceed with the next-gen-
eration project of spot scanning, to be realized on the new
Gantry 2 system. We willalso proceed in the comingyears with
anin-depth evaluation of otherclinicalindications for proton
therapy.

A Gantry 2 progress report

Progress in the installation and commissioning of Gantry 2
had to cope with limitations in terms of resources and beam
time due to the higher priority given to the start-up of patient
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treatment with OPTIS2. Figure 1 shows the present status of
the Gantry 2 area.

A very important achievement for the project has been the
consolidation of the concepts for the patient positioning
systems for Gantry 2.

Thefirstand mostimportant decisiontaken wasto use aslid-
ing Siemens SOMATOM Sensation Open™ computed tomog-
raphy (CT) system in the treatment area within reach of the
patienttable. With this approach, as shown in Figure 2, it will
be possible to position the patient directly in the treatment
room using one ofthe mostadvanced commercially available
diagnosticimaging devices. The availability of time-resolved
images, with the patient ready in the treatment room, will
offer new opportunities for patient setup and for setup of
respiratory gating for treating moving targets.

The second importantdecisionwas the realization ofabeam’s-
eye-view (BEV) X-ray system for Gantry 2. The innovative layout
of Gantry 2 (with double parallel scanning starting upstream
ofthelast90°bending magnet) makes it possible to take X-ray
imagesinthe beam direction simultaneously with the proton
beam, with a very large field of view, a feature which is not
available with any other gantry design. The idea is to mount
anX-raytube onthetop ofthe lastbending magnet. The X-rays
are beamedthough a holeinthe return yoke ofthe 90° bend-
ing magnet and exit the nozzle along the axis of the proton
beam. This feature should open the door for developing new
and more powerful quality assurance tools for controlling
target motion during proton beam delivery. The BEV equipment
will also be used for the usual initial patient positioning.
Figure 3 shows the mechanical solution for placing the flat
panel behind the patient.

The planning for the architectural finishing of the area has
beenverylaborious, mainly from the point of view of optimiz-
ing the overall functionality of operating the system with
patients, inview ofthe limited spaceinthe area. Agood solu-
tion was found in the end, based on the same “Japanese
panels” concepts used for Gantry 1and OPTIS2. The finishing
of the area should be completed by the summer of 2010.
The installation of the nozzle and its equipment was under-
taken and the beam flux monitors developed in-house, to-
getherwith the strip monitors delivered by the TERA collabora-
tion, have beeninstalledin dedicated, well-insulated drawers
inthenozzleand putinto operation. The electronics developed
at PSI for the beam flux monitors performs well in terms of
linearity and stability. Very precise control for zeroing the
pedestal ofthe monitors was achieved by connecting separate
analogue-to-frequency converters to the negative and positive
difference between monitorsignaland zero reference voltage.
In this way, we could start calibrating the dose delivery of
Gantry 2 in terms of absolute dose. Figure 4 shows the inde-
pendence of the dose response to the delivered dose rate.

Figure 2: Patient positioning with sliding CT in the treatment
area. The CT moves on rails.

Figure 3: BEV: the mechanical system (in yellow) brings the flat
panel from the parked position at the side of the nozzle to a
position behind the patient.

During 2009 we made significant progressin the development
ofveryadvanced beam scanning techniques. The most chal-
lenging goal for Gantry 2 is to deliver the dose by painting
dose lines with the heam moving at maximum speed, and by
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Figure 4. Normalized delivered spot dose as a function of proton
current.

I

Figure 5: CCD image of lines with typical dose profiles. The
profiles are repainted 23 times with maximum sweeper speed
(5.5 ms/line) and intensity modulation.

shapingthe dose by changingtheintensity ofthe beam atthe
ion source.

Figure 5 shows an image of the dose measured with a scintil-
lating screen viewed by a CCD camera. The vertical lines are
1 cminlength and were deliveredin 5.5 ms. This high sweep-
ingspeedisneededtoachieveaveryhighrepaintingnumber.
In order to obtain a high enough dose to make the profile
pattern visible, the whole dose image was repeated (cumu-
lated) 23 times.

The intensity ofthe beam along the lines was controlled with
the deflector plate: the first 5 mm at the beginning and the
end of the lines was always applied with 100% intensity. In
the 10 cm-long central region of the lines, the beam intensity
was changed from line to line in steps of 10%. Good control
of the intensity of the beam was achieved with a feed-back
loop. The difference ofthe measured signal of monitor1to the
planned value was fed back as a correction to the deflector
plate. This experiment shows that the idea of painting the
dose with the beam moving at very high constant speed and
applying dose shaping by changing the beam intensity should
in principle be feasible on Gantry 2.

The OPTIS2 project

Reliability and maintenance worries concerning the Injector
1 cyclotron, combined with the clinical success of the pro-

gramme, led to the decision to continue ocular treatment at
PSI as the OPTIS2 project. The aims of the project were to
develop a patient-friendly and technically modern facility
devoted to the treatment of ocular tumours embedded in a
multi-treatment room environment, while staying as closely
as possible to the beam characteristics of OPTIS. All these
aims were realised in 2009.

The project’s main technical challenge concerned beam in-
tensity. Degrading protons from 250 MeVto 70 MeV (penetra-
tion depth approx. 3 cm) causes more than 99.5% of the
protons to be lostin the energy selection process. In orderto
cap treatment duration to one minute (during which time the
patient must actively cooperate, maintaining the required
gazing angle), a dramatically more efficient beam-shaping
system, as used in OPTIS, had to be designed. Ultimately, a
double scattering system with multiple-ring scatter foils, an
untried solution for such small fields, was decided upon.
Throughout 2009 these multiple-ring foils were produced and
commissioned, and the accompanying energy modulation
wheels produced and verified (modulatorwheels produce the
Spread-Out Bragg Peak, which coversthe entire tumourregion
with a homogeneous dose). With a lateral penumbra of
1.6 mm (80-20%) and a distal dose fall-off of 1.5 mm (90-10%)
underclinical conditions, the OPTIS beam characteristics were
shown to be almost matched (increase of only 0.2 mm) due
to the ingenuity of the design of the foils and a successful
redesign ofthe snout, minimisingits scattering contribution.
Beam flatness and beam symmetry were significantly im-
proved.

In OPTIS2 digital imaging, a parallel robot to position the
patientand computer-aided positioning software were intro-
duced and successfullyintegrated during the firsthalfof2009.
The biggest remaining challenges for 2009, however, were
the completion and verification of the control system and the
local, patient safety systems (which were designed to be able
to start treating a patient without requiring daily verification
measurements), and the defining and performing of the QA
programme, which assures the efficacy and functionality of
allthe implemented technical measures to ensure the safety
of patient treatment. In June 2009, OPTIS2 was successfully
audited by the Swiss Federal Office of Public Health (Bunde-
samtfiir Gesundheit — BAG) and a treatment permit obtained
after completion of the QA programme by the end of 2009.
The first patient was successfully treated in January 2010.

OPTIS — 25 years of ophthalmological proton
radiotherapy at PSI

Therationale forthe use of protonsinradiation therapyisthe
physical characteristic of the particle beam of having “bal-
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listic” properties when penetrating material. The maximal
radiation doseisdeposited atthe end ofawell-defined range
inagiven humantissue, with a steep dose fall-off afterwards.
The eye, as amobile organ without noteworthy differencesin
the densities of the various ocular structures, is the most
“perfect model” for proton radiotherapy. Tumours arising on
theinnersurface ofthe eye can be irradiated with high preci-
sion using proton beams. Ocular melanomas represent the
largest group of malignancies treated with proton beams.
During the past 25 years, PSI has become the most active
centreinthe world forophthalmological proton radiotherapy.
This excellent service will be maintained by transferring the
programme to the new, modernized treatment installation
OPTIS2, which is connected to the dedicated medical proton
accelerator COMET via a special beam line.
Ophthalmological proton therapy requires baseline proce-
dures that need to be executed before individual planning
and the treatment itself can take place. Priorto irradiation, a
given tumour base is surgically marked with very smallradio-
opaque tantalum clips that make the tumour position visible
to X-rays. The mobility of the eye allows controlled gazing
angles, which are chosen such that the tumour lies on the
axisoftheincoming proton beam. Individual copper collima-
torsinthe beam pathrightin front ofthe eye shapethe beam
laterally. These proceduresresultin excellent dose conforma-
tion.

PSl opened the first ophthalmological proton beam therapy
unitin Europe 25 years ago. Between 1984 and 2009, a total
of 5300 patients received proton radiotherapy for ocular le-
sions, the vast majority suffering from choroidal melanoma.
A hypo-fractionated treatment schedule, with 4x15 Gy (RBE)
on consecutive days, caters for the relative radio-insensitiv-
ity of melanomas. The unique spatial dose conformation,
sparing the unaffected healthy parts of the eye and limiting
the high dose to the eye bulb without penetrating into the
central nervous system, is a prerequisite for treatment with
these high single doses. Local tumour control is the primary
treatment goal, as tumour-specific survivalis related to tumour
control. Visual acuity after proton irradiation, compared with
its status prior to diagnosis, depends on: tumour thickness,
the amount of retinal detachment, the distance between tu-
mourand opticdiscand/ormacula, and the age of the patient.
Tumoursize and diameter, as wellasthe distance to the optic
disk, affect the enucleation rate, which is caused mainly by
the development of glaucoma or loss of ocular function.
Two outcome analyses forlarge patientnumbers (>2000 each)
show excellent results in terms of local tumour control, sur-
vival, visual acuity and preservation of the affected eye - in
analogy to the treatment results of other comparable proton
treatment centres worldwide. The important effect of local
tumour controlon survivalis convincing. Tumour-related death

Figure 6: The OPTIS2 nozzle. The seat is mounted on a parallel
robot and the blue squares are integrated flat panels used to
position the patients using X-rays.

(TRD) from ocular melanoma is death from distant metas-
tases. Overall survival rate is 91%, 84% and 80% at 5, 10 and
15 years, respectively, for patients whose tumour remains
controlled, whereas the rates decrease to 78%, 61% and 61%
at 5, 10 and 15 years for patients who experience a local re-
lapse. Local control rates of 97%, 96% and 94% at 5, 10 and
15years, respectively, are a “proofof principle” forhigh-dose,
hypo-fractionatedirradiation of ocularmelanoma. A patient’s
ageandtumoursize (thickness and diameter) and its localiza-
tion and relation to other ocular structures (optic disc, mac-
ula, and ciliary body) have the strongest influence on local
tumourcontrol, survival, functional outcome and preservation
ofthe eye. Treatmentresults are excellent compared with most
othertumour entities, and PSI has therefore decided to con-
tinuethe ophthalmological proton therapy programme using
the OPTIS 2 facility, which will be operational from spring 2010.
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Strategy and highlights
of General Energy research

Alexander Wokaun, General Energy Research Department, PSI

The year 2009 stands for transition in the General Energy Department. Advanced infrastructure for combustion

and electrochemical research was commissioned and is being used in large-scale projects. With a major pilot

plant for biomass methanation in operation, preparations were initiated to advance the maturity of other tech-

nologies for utilizing renewable energies, including hydrothermal gasification of wet biomass and solarthermal

upgrading of carbonaceous waste. A new focus on catalytic processes was defined by reshaping the Laboratory

for Energy and Material Cycles (now: Bioenergy and Catalysis), and by creation of the Laboratory for Energy and

Environment, operated jointly by the General Energy and Synchrotron Radiation Departments.

Theyear2009 willbe remembered forprofound changesinthe
global economy — a deep crisis followed by a turn-around in
hope for economic recovery. Companies are reshaping their
strategies and portfolios to prepare for a new period of more
sustainable growth. Insuch aperiod, itisimportantforresearch
to prepare the scientific basis on which this progress needs to
be based. In this sense, 2009 has been characterized by the
build-up ofinfrastructure and know-howinthe General Energy
Research Department that will bear fruit in the years to come.
Negotiations at the Climate Conference in Copenhagen
showed generalconsensusonaclimate protection target, but
difficultiesin agreeing on concrete emission reductions goals.
The question of how these reductions would be achieved
hardly emerged atthe surface ofthe political discussions. Yet
itis concrete measures thatwill eventually decide on success
or failure, and it is here where science and technology can,
and must, contribute. In that sense, the three pillars of our
strategy — deployment of low-CO, energy carriers from re-
newables, highly efficient conversion to useful energy, and
analysis of the societal and environmental demands on a
future energy system — are more urgently needed than ever.
In the following paragraphs, we shall survey the results in
these key areas, while four selected highlights are presented
in subsequent contributions (pp. 60-67).

Energy carriers from renewables

Amongthe choice ofrenewable primary energies, the Depart-
ment focuses its efforts on biomass and solar energy. In the
case of biomass, methane and electricity are the energy car-
riersto be produced, favouring high-exergy applications and
making use of heat as a by-product. Concentrated solar ra-

diation is used at PSI for producing hydrogen, as well as for
upgrading fossil and waste feedstocks with respect to qual-
ityand calorificvalue. Commonto both approachesisthe goal
of using the renewable primary energy to produce clean en-
ergy carriers that can be stored, acknowledging the fact that
energy storage is considered to be one of the greatest chal-
lengesin achieving an efficient energy system.

Energy and Materials Cycles

The 1MW pilot plant "Methane fromwood" wentinto operation
at the beginning of the year, and the technology has been
proven over more than 400 hours of operation at this large
scale. Accompanying the test phase, PSI researchers have
collected invaluable experience on catalyst stability and
operational issues. The complementary project "Electricity
from wood" was advanced in a laboratory-scale installation
at PSI (pp. 60, 61). Trace analytical capabilities for organic
compounds and metal species inthe hot synthesis gasturned
out to be crucial forthe design of the process chain.

Green biomass with high water contentis converted to meth-
ane by hydrothermal processing. To achieve the separation
of salts from the feed, which is critical both for continuous
reaction and for nutrient recovery, the phase behaviour of
saltsundernear-critical conditions was studied. This approach
of using waste biomass (second-generation biofuels) forms
the bridge tothe SunCHem project, which envisages a closed
cycleinwhich algae are grown ininsolated vessels, energyis
extracted as methane, and nutrients are recycled.

Use of PSI's large facilities is an enabling competence for this
research, highlighted by advancesin catalyst characterization
by X-ray absorption spectroscopy.
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Solar Technology

Solar upgrading of low-quality carbonaceous feedstock was
at the centre of a major project of the Laboratory for Solar
Technology, as described on pp. 62, 63. In a parallel project
for the production of solar hydrogen, we are preparing for a
scale-up ofthe solarzincoxide / zinc cycle tothe 100 kW scale.
Exploratory projects target the solar reduction of CO,, as a
mitigation measure, and solar production of energy-intensive
raw materials such as aluminium or silicon.

Efficient energy conversion

Efficiency is the key to achieving a more sustainable energy
systemthatrespects climate protection goals. Ouremphasis
is on efficient conversion of fossil fuels in gas turbines and
internal combustion engines, and on electrochemical energy
storage and conversion for transportation.

Combustion Research

Carbon capture and sequestration may enable the power
generatingindustryto continue using fossil fuels, while reduc-
ing CO, emissions. In this context, reformed fuel mixtures will
be used in gas turbines. Knowledge of the combustion prop-
erties of hydrogen-rich fuel gases was advanced by studying
combustion fundamentals in the high-pressure combustion
testrigs atPSl. In particular, the high flame speed of hydrogen
requires special precautions against flashback.

Reaction analysis at the Vacuum Ultraviolet beamline of the
SLS supports these efforts, by selective production of com-
bustion-relevant radicals and their spectroscopic charac-
terization.

Electrochemistry

Electric propulsion, both in hybrid cars and in battery-powered
electric vehicles, presently receives high attention by the
automotive industry. The Battery Group contributes towards
thistechnology by developing novel materials forthe positive
and negative electrodes of the lithium-ion battery, assembling
theminto electrodesandtestingtheirhigh-power capabilities
and lifetime.

The complementary approach of using fuel cells as primary
converters has seen important PSI contributions towards
extension of the operating time by more stable polymerelec-
trolyte membranes, and cost reduction by integrated stack
design concepts.

In situ diagnostic methods are guiding these efforts. For the
firsttime, direct current measurements locally resolved in the
direction perpendiculartothe flowfield channelhave provided

Figure 1: Direct measurement of local currents under channel and
ribs of the flow field plate of a polymer electrolyte fuel cell
(PEFC), in two operating modes.

evidence forinhomogeneous concentration profiles caused by
transport limitations (Figure 1).

Energy, environment and society

Particles in the atmosphere adversely affect health and cli-
mate, and their attribution to technical and natural sources
is of high political relevance. PSI's observation that a large
fraction of these particles are secondary —i.e. not formed in
exhaust tailpipes but in the atmosphere from volatile or-
ganic emissions — requires revision of commonly applied
analysis tools and has received very high attention.

The Laboratory for Energy Systems Analysis is engagedin the
societaldiscussion onourcountry’s energy future. In particu-
lar, PSI'has made important contributions to the Energie Tria-
log Schweiz by scenario calculations, and has calculated the
costofachievinglarge CO,reductions by 2050 under stringent
climate policy targets.

Outlook for 2010

Atthe beginning 0of 2010, we welcome two new scientific lead-
ers to the Department: Jeroen van Bokhoven heads the
newly formed Laboratory for'‘Energy and Environment', oper-
ated jointly by the Synchrotron Research and General Energy
Departments; and on the retirement of Samuel Stucki, Oliver
Krocher will guide the new orientation of the '‘Bioenergy and
Catalysis' Laboratory. The CCEM, looking back to a highly
successfulinternational auditin 2009, is expected to gener-
ate further important results in 2010, based on a powerful
research infrastructure and highly motivated research teams.
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Producing electricity from wood in high-temperature
fuel cells via gasification and hot gas cleaning

Serge Biollaz, Peter Hottinger, Thomas Marti, Marcel Hottiger, Jorg Schneebeli, Urs Rhyner, Marcelo Rechulski,

Tilman Schildhauer, Laboratory for Energy and Material Cycles, PSI

Linking wood gasification with high-temperature fuel cells, such as Solid Oxide Fuel Cells (SOFC), is a promising
approach forachieving high electrical efficiencies in small-scale biomass combined heat and power plants. One

of the technical challenges to this is the adjustment of the three main system components: gasification, gas
processing/cleaning and fuel cell. An integrated test rig was therefore built at PSI. For the SOFC running on wood
gas, a degradation rate of 1% per 1000 hours was determined. Based on this successful demonstration of long-

term performance and other results, scale-up to an industrial scale is in preparation.

Combined heat and power (CHP) generation from biomass
requires small-scale, distributed plantsinthe powerrange of
several MW, to be efficient. Therefore, besides gas engines,
high-temperature fuel cells such as Solid Oxide or Molten
Carbonate Fuel Cells (SOFCs, MCFCs) are also an option for

Sampling system
for gas analysis

| i

e ——

using producer gas from wood gasification for CHP. Gas en-
ginesrequire low gastemperatures attheinlet, thus allowing
coldgascleaning,i.e. particle and tarremoval by low-temper-
aturefiltersand scrubbers. However, it has been shown, when
connecting SOFCs to wood gasification, that superiorefficien-

R p——

Figure 1: Flexible set-up for long-duration tests of B-IGFC concepts, including gasifier, gas cleaning and high-temperature fuel cells.
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Figure 2: Process steps for power generation from biomass via gasification, gas cleaning and fuel cells.

cies canonly be reached with high-temperature gas cleaning
[1]. Moreover, unlike gas engines, fuel cells require the re-
moval of sulphur species, alkalis and heavy metals.

In ongoing projects with partners such as the Karlsruhe Insti-
tute of Technology (KIT), the Thermal Process Engineering
Group is investigating hot gas filtration (450°C) for the re-
moval of particles. The focus here lies on the long-term per-
formance ofthefilterand on the optimisation offiltercleaning
methods to maintain low pressure-drop levels. For the com-
plete removal of sulphur, organic sulphur species have to be
convertedinto hydrogen sulphide (H,S), first before adsorbing
H,Son, forexample, zincoxide beds at 350 °C. Forthe upstream
conversion of organic sulphurspecies (unsaturated hydrocar-
bons and tars), the application of Catalytic Partial Oxidation
and Reforming catalysts is being investigated (see Figure 2).
In first tests, these catalysts showed good activity for the
conversion of hydrocarbons (toluene, anisole) and organic
sulphurspecies (thiophene) inthe temperature range foreseen
for hot gas cleaning (700 — 800 °C).

The fullyautomated testrig shown in Figure 1allows the long-
term performance of different unit operations to be studied,
as well as the complete process chain to be tested. Several
sampling points foronline gas analysis have beenintegrated
intothetestrigandallrelevant gas species, such as permanent
gases, tars, sulphur species, alkalis or heavy metals, can be
analysed, depending on the specific needs.

Within the framework of the EU project BioCellus, a further
set-up has been used to perform a 1200 h test. The interface
of wood gasifier and SOFC test setup was a particle filter,
throughwhich gas from the gasifierwas sucked by a jet pump
running on a synthetic wood gas mixture. The interface was
designed to yield a tar concentration of 5 g/m3, and a total
sulphurconcentration of 1mg/m?3, before feeding the fuel gas
to the fuel heating coil upstream of the SOFC stack. For the
long-term test, the current density was kept constantand the
resulting voltage of the cell recorded. In Figure 3, cell voltage
and current density are shown as functions of time on-stream.
Cellvoltage fluctuates dueto changesin gas composition and
gas flow, but remains on the same level, within this range of
variation.

Inthis test, itwas demonstrated that the cell performed well,
with a degradation rate of about 1% per 1000 hours running,
overanaccumulated 1200 hours (Figure 3). The conclusion is
that tars do not affect cell performance, at least if their con-
centration is small.
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Figure 3: Results of a long-duration test with a tubular SOFC run
with wood gas at PSI [2].

Outlook

Based on this successful demonstration of long-term perform-
ance and further results, scale-up to an industrial scale is in
preparation. Within a consortium of industrialand academic
partners, the erection ofa 1MW pilotand demonstration unit
is planned for the near future. A research programme will
supportthisdemonstration activity, covering both experimen-
tal optimisation of unit operations and simulation-based
analysis of the overall process chain efficiency.
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Production of syngas via solar steam-gasification
of carbonaceous feedstocks

Christian Wieckert, Solar Technology Laboratory, PSI; Nicolas Piatkowski, Department of Mechanical and
Process Engineering, ETH Zurich; Aldo Steinfeld, Department of Mechanical and Process Engineering,

ETH Zurich, and Solar Technology Laboratory, PSI; Albert Obrist, Peter von Zedtwitz, Holcim Group Support,
Holderbank, Switzerland

Solar-driven gasification allows the upgrading of fossil fuels and carbonaceous wastes to storable high-quality
gas. To this end, steam-gasification of coal, biomass, and carbonaceous waste feedstocks for syngas production
has been investigated using concentrated solar energy as the source of high-temperature process heat. A5 kW
solarreactor prototype, subjected to radiative flux concentrations up to 3000 suns and operated at temperatures
up to 1500 K, yielded high-quality syngas of typical molar ratios H,/CO = 1.5 and CO,/CO = 0.2, and with a calo-

rific content upgraded up to 30% over that of the input feedstock.

Introduction

The concept of solar steam-gasification of carbonaceous ma-
terials is schematically shown in Figure 1. Concentrated solar
energy provides the high-temperature process heat required
to thermochemically convert solid carbonaceous feedstocks
(e.g., coal, biomass, or carbon-containing wastes) into high-
quality synthesis gas (syngas, mainly H, and CO). Syngas can
be applied for power generation in efficient combined cycles
and fuel cells, or further processed into Fischer-Tropsch liquid
fuels or direct combustion, e.g. in cementkilns.

Conventionalautothermal gasification requires about one third
of the introduced feedstock to be combusted with pure O, to
supplythe process heat forthe endothermic gasification reac-
tion, which inherently decreases coal utilization and contami-
nates the product gases. In contrast, syngas from solar-driven
steam gasification is free of combustion by-products and has

a lower CO; intensity, because its calorific value is solar-up-
graded over that of the original coal feedstock by an amount
equal to the enthalpy change of the reaction. Solar thermo-
chemical gasification is ultimately a means of chemically stor-
ingintermittent solar energy in a dispatchable form.

Experimental setup

The solar reactor configuration (see Figure 2) is specifically
designed for beam-down incident concentrated solar radia-
tion. It consists of two cavities separated by a SiC-coated
graphite plate. The upper cavity serves as the radiative ab-
sorberandthe loweroneasthereaction chambercontaining
thereacting packed-bed that shrinks as the reaction progress-
es. Steam is injected through the bottom. This arrangement
enables thereactorto receive awide range of particles sizes.

Concentrated Solar Power
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Figure 1: Scheme of solar steam gasification.

Figure 2: Scheme of the solar reactor configuration.
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Figure 3: Photo of the 5 kW laboratory-scale solar gasification
plant.

A 5 kW prototype reactor was fabricated with a 6.5 cm-dia.
windowed aperture and a 14 cm-dia. cylindrical lower cavity
of 2 kg feedstock capacity. Experimentation was carried out
at PSI’s High-Flux Solar Simulator [1], where the reactor was
subjectedto radiative flux concentrations of up to 3000 suns.
Typicaloperationaltemperature ofthe bed surfacewasin the
range of 1150-1250 °C. Figure 3 provides a photo of the ex-
perimental set-up thatincludesthe solarreactor, downstream
gas treatment system, measurement instrumentation, and
auxiliary equipment.

A typical test: Steam gasification of fluff

The carbonaceous feedstocks tested were industrial and
sewage sludge, scrap tyre powder, fluff, South African coal,
and beech charcoal, and are characterized by having a wide
range of volatile, ash, and fixed carbon contents, elemental
compositions, and physical properties [2]. A representative
experimentalrunis described with fluff: a highly heterogene-
ous waste consisting of synthetic textiles, paper, and shred-
ded plastics, with a carbon content of about 50wt-%, an ash
content of 15%, and an LHV of about 25000 kJ/kg. The lower
cavity was loaded with 378 g of fluff, resulting in a 10 cm-high
packed-bed.

The experimentally measured temperatures and gaseous
product mass flow rate during the solar steam-gasification of
fluffare shown in Figure 4. During the first half of the test, as
the packed-bed undergoes heating, pyrolysis was evident
through the evolution of higher gaseous hydrocarbons and
liquid tars. Afterwards, steam gasification of the remaining
fixed carbontookplace, producing syngas of molarratios H,/
CO=1.5and CO,/CO=0.2.The carbon content of the residu-
al ash afterthe test (55g) was only 0.3%.
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Figure 4: Experimentally measured temperatures and gaseous
product mass flow rate during the solar steam-gasification of
fluff.

The average shrinking rate of the packed-bed was 7 cm/h.
Heattransferwas characterized by an ablation regime, where
the rate of radiative transferto the endothermic reacting top-
surface was faster than the conductive heat transfer to the
depth of the packed bed [3]. Peak energy conversion effi-
ciency of 29% and upgrade factor of 30% demonstrated the
successful conversion and storage of solarenergyin chemical
form.

Conclusions

The steam-gasification of coal, biomass, and carbonaceous
waste materials has been experimentally demonstrated using
arobust packed-bed 5 kW solar reactor subjected to concen-
trated radiative energy. High-quality syngas with a solar-up-
graded calorific value could be successfully produced froma
variety of feedstocks, with very different characteristics in
terms of content of volatiles, ash, and water [2]. Current de-
velopmentworkis aimed at reactor design optimisation and
scale-up fora 300 kW pilot plant.
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Combustion of hydrogen-rich fuels

I. Mantzaras, Y. Ghermay, S. Daniele, P. Jansohn, Combustion Research Laboratory, PSI

The need to reduce CO, emissions from large power plants has led to the development of fuel decarbonisation

technologies thatyield hydrogen-rich reformed fuels. Homogeneous (gas phase) combustion as well as combined

homogeneous/heterogeneous (catalytic) combustion is currently being investigated for power generation sys-

tems fuelled with these H,-rich mixtures.

Operational window

Despite growinginterestin highlyreactive, hydrogen contain-
ingfuels (e.g. syngas) forgas turbine (GT) combustion systems,
arising from the integration of power generation with gasifica-
tion processes for the utilization of biomass, coal or tars, a
lack of data still exists for lean premixed combustion experi-
ments at gas-turbine-relevant conditions. More specifically,
there isvery little high-pressure data (> 10 bar) forturbulent,
lean premixed flames available. Changes in flame character-
istics at elevated pressure (operational window, flame posi-
tion, flame structure, turbulent flame speed) necessitate such
experiments.

As for the ultra-lean side, operational limits are defined by
lean blow-out (LBO); onthericherside, the limiting phenom-
enon is flashback (FB). For the burner geometry studied, the
mechanism for flashback is thought to be through the up-
stream propagation of the flame front in the boundary layer
of the mixing section.
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Figure 1: Operational window for a fuel mixture of 50% H,/50% CO.

Much stronger than observed for the LBO limits, the FB be-
haviour presentedin Figure 1exhibits a dependence on pres-
sure, narrowing the operational range dramatically forelevat-
ed pressure conditions (> 10 bar). An increase in pressure
affects severalvariables, such as chemical kinetics (reduced
laminar flame speed), turbulent length scales and ignition
phenomena (reduced ignition delay time and smallerquench-
ing distance). Not surprisingly, flashback propensitywas also
found to be very sensitive to the inlet temperature (Figure 1).
The operational window expands significantly with respect
to flashback as the preheating temperature decreases.

Turbulent flame speed

One of the most important parameters to take into account
for safe gas turbine combustion of hydrogen-rich fuel gases
is the turbulent burning velocity (Sy), which describes the
overall fuel consumption rate across the entire flame front
surface. The focus of ourwork [1] has been on such turbulent
flame speed (Sy) data, analyzed from experiments which
provide information about the flame surface area based on
laser-induced fluorescence (OH LIF) pictures of the flame front.
As expected, the results highlightthe strongly elevated values
of turbulent flame speed for high hydrogen-containing fuel
gas mixtures (e.g. syngas). Compared with flame speed data
for pure CHy, the ratio St,syn/Sr, cvs has values between 3 and
10. In absolute terms, values can go up to 8 m/s, indicating a
highrisk for potentially disastrous flame flashback. For ultra-
lean conditions, high burning velocities can be maintained
with increased H, content in the fuel mixture, thus avoiding
undesired flame extinction (Lean Blow Out). Experiments were
doneatgas-turbine-relevant conditions, i.e.forairpreheating
temperature up to 772 K, pressure up to 15 bar and different
burner flow velocities (40 — 120 m/s).
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Figure 2: Turbulent burning velocity for hydrogen-rich fuel
mixtures. Conditions: P=5bar, T.ir=673 K.

Fuel mixture composition: #1 (H,-CO-CH, 20-20-60); #2
(H2-CO 50-50); #3 (H2-CO 33-67); #4 (H2-CO-N; 40-40-20).

Homogeneous/ heterogeneous (catalytic)
combustion

The gas-phase ignition kinetics of hydrogen are an intricate
function of pressure and temperature, but have not been
exploredindetailat preheatand pressure conditions of inter-
estforgasturbine systems.Thereisalsoalackof correspond-
ing high-pressure heterogeneous/homogeneous combustion
studies. The presence of the catalytic pathway complicates
the understanding of gas-phase kinetics due to heterogene-
ous/homogeneous chemical and thermal coupling. In the
presentwork [2], previous studies are being expanded in two
directions by investigating preheated H,/air mixtures (up to
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Figure 3: Distributions of the OH radical: measured by LIF (a),
and numerically predicted (b). ¢ = 0.30, H»/air, Pt coating.

Cases (1) and (3): no hydrogen pre-conversion; (2) and (4):

30% H pre-conversion. Arrows indicate onset of homogeneous
ignition. Colour code: OH level in ppmv.

650 K) at pressures of up to 15 bar, and by investigating the
effectoffractional hydrogen pre-conversion onthe subsequent
homogeneous ignition characteristics over Pt.
Pre-conversion results in reduced fuel concentration and in-
creased temperatures forthe ensuing reactive mixtureandin
addition provides main combustion products and radicalsin
the gaseous induction zone. These factors can significantly
influence the heterogeneous/homogeneous chemistry cou-
pling that leads to the onset of homogeneous ignition. Frac-
tionalfuel pre-conversion can be of generalindustrialinterest
forsequential combustion gas turbines systems, solid-oxide
fuel cells and autothermal chemical reactors (ATR).

For 0% pre-conversion and catalyst surface temperatures in
the range 900 K < T <1100 K, homogeneous ignition was
largely suppressed for p> 5 bar, due to the combined effects
of intrinsic gas phase hydrogen kinetics and competition
between the catalytic and gas phase pathways for fuel con-
sumption. However, a moderate increase of hydrogen pre-
conversion to 30%, with the ensuing preheat of the reactive
mixture, restored homogeneous combustion for p > 5 bar
(Figure 3; case ).
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Figure 4: Computed wall temperature profiles in a catalytic
honeycomb reactor. Pt coating, p = 8 bar. ¢ = 0.30, H»/air, three
different pre-conversion ratios. adiabatic equilibrium tempe-
rature T.q = 1181 K (for all cases).

For 0% hydrogen pre-conversion, catalytic reactors exhibit
superadiabatic surface temperatures that endanger reactor
and catalystintegrity. Byincreasing hydrogen pre-conversion,
the catalytically induced superadiabaticity is suppressed to
a great extent, due to the reduction of available hydrogen for
subsequent heterogeneous conversion (Figure 4). The near-
wall gaseous combustion zone shields the catalyst surface
from the hydrogen-rich core flow, thus reducing catalytic fuel
conversion, whichisresponsible forthe surface temperature
superadiabaticity.
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Carbon —a unique material for electrochemical

applications

Ridiger Kotz, Patrick Ruch, Petr Novak, Wolfgang Markle, Jean-Francois Collin, Hendrik Schulenburg,

Bernhard Schwanitz, Nicolas Linse, Lorenz Gubler, Giinther G. Scherer, Alexander Wokaun, Electrochemistry

Laboratory, General Energy Research Department, PSI

Carbonin avariety of forms plays animportant role in almost any electrochemical energy conversion and energy

storage device. In supercapacitors and lithium-ion batteries, nanoporous carbon and graphite serve as the active

electrode material as well as conductivity promoter. In low-temperature polymer electrolyte fuel cells, carbon is

used as catalyst support, for the gas diffusion layer and also for some types of bipolar plates. In the present

article, severalrecent research results are presented, from investigations aimed atimproving energy and power

density and the life-times of electrochemical devices.

Carbon modifications of interest for
electrochemical applications

Carbon appears in different forms, e.g. graphite, diamond,
nanotubes and fullerenes, or amorphous carbon, due to the
versatility of carbon atoms in establishing bonds of different
hybridization between one another. Based on particularly
favourable physico-chemical properties, such as crystalline
structure, density or conductivity, these different forms find
widespread applicationsas electrodes, support, structure, etc.

Carbon nanotubes in supercapacitors

Carbon nanotubes (CNT), in particular single-walled carbon
nanotubes (SWCNTs), are a promising electrode material for
electrochemical double-layer capacitors (EDLC), due to their
high specific surface area (Figure 1).

Figure 1: Scanning electron micrographs of a filtrated SWCNT
material. The observed structures are bundles of several
nanotubes. The diameter of a single nanotubeis 1-2 nm.

In arecent study, we showed that the specific capacitance of
SWCNTs is comparable with that of activated carbon. How-
ever, theresistance of an electrode prepared from SWCNTs is
significantly reduced and the surface of SWCNTs is expected
to show low reactivity towards degradation processes. SWC-
NTs thus have the potential to improve the power of EDLCs,
while maintaining the energy density [1].

Graphite as conductivity promoter in Li-batteries

Apart from its use as electroactive material in negative elec-
trodes, graphitic carbon is used in lithium-ion batteries as a
conductive additive in positive electrodes, to secure good
electrical conductivity, providing conductive paths between
the low-conducting oxidic active materials. However, anions,
inherently present in the electrolyte, might intercalate be-
tween the graphene sheets of the particles, due to the high
positive voltage applied to the electrode during charging of
the cell. This may lead to irreversible exfoliation of graphene
layers, whereby the whole particle is expanded and the elec-
trode structure deteriorates [2].

Synchrotron-based in situ X-ray diffraction measurements
have demonstrated that graphites with small particles are
beneficial as conductive additives because they show only a
weakanionintercalation tendency. However, larger particles
undergo reversible anion intercalation, indicated by the
occurrence and disappearance of new diffraction peaks
(Figure 2), and also partialamorphisation (exfoliation) of the
graphite structure, as can be observed from the decrease of
the graphite (002) peakintensity.
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Figure 2: Synchrotron-based X-ray diffractograms (from bottom
to top) recorded during a CV (3.0 - 5.2 V vs. Li/Li*) of SFG44 in
EC:DMC 1:1, 1 M LiPFe.
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Figure 3: Cathode exhaust gas CO, concentration as response to a
triangular potential pulse between 0.6 and 1.3 V for different
cell temperatures (fully humidified gases). The inset shows the
resulting carbon corrosion rates, which are obtained by
integration of the CO; peak areas.

Stability and morphology of carbon black as
catalyst support in fuel cells

Nano-sized platinum particles supported on carbon blackare
used as electrocatalyst for hydrogen oxidation and oxygen
reduction in low-temperature fuel cells. Carbon black pos-
sesses unique structural and electrical properties forits use
as catalyst support in Polymer Electrolyte Fuel Cells (PEFCs).
The carbon support prevents sintering of platinum nanopar-
ticles, which catalyse the oxygen reduction and hydrogen
oxidation reactions in PEFCs. The high surface area carbon
support, which is stable under normal fuel cell operating
conditions, can severely deteriorate atthe elevated potentials

Figure 4: 3D images of a PEFC active layer — pore structure (left)
and carbon supported catalyst (right). Images were segmented
and reconstructed from SEM images, obtained during FIB/SEM
serial sectioning of a commercial PEFC cathode.

(>1.2'V) occurring during start-up and shut-down of the fuel
cell, leading to substantial loss in performance [3].

In order to develop operation strategies which can mitigate
this detrimental effect, an understanding of how operating
parametersinfluence carbon corrosion is necessary. Measur-
ing the CO, concentration in the cathode exhaust gas in re-
sponsetosingle potential pulses allows the quantification of
carbon corrosion rates (Figure 3). By performing these meas-
urements under various operating conditions, the complex
interplay of influencing parameters can be elucidated [3].

As aconsequence of this carbon corrosion process, morpho-
logical changes occur within the catalyst layer. Among other
effects, porosity changes affect the mass transport of the
gaseous reactants and the interfacial properties between
electron-andion-conducting phases. Ultimately, these chang-
es lead to degradation of fuel cell performance.

The combination of focused ion beam (FIB), as preparative
method, and scanningelectron microscope (SEM), asimaging
technique, introduces new possibilities for visualizing and
quantifying morphological changes of the PEFC active layer
(Figure 4) [4]. As acharacterization tool, it offers newinsights
to aid in understanding carbon corrosion and developing
alternatives in the context of PEFC electrode design.
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Competence Center Energy and Mobility CCEM

A network to foster interdisciplinary research approaches

Philipp Dietrich, Alexander Wokaun, Competence Center Energy and Mobility CCEM, Switzerland

After fouryears of operation, the Competence Center for Energy and Mobility (CCEM) has proven its role as bridge-

building institution between fundamental research and industrial development requirements, in the field of

energy research, and now is well integrated into the organizational structure of PSI. Within many projects, both

energy research departments at PSI are collaborating with a variety of groups from all institutions of the ETH

domain. As examples, in the present article, results from projects are mentioned that target different steps in

the chain from biomass hydrothermal processing, via efficient gas turbine combustion, to atmospheric emissions.
With a total funding of MCHF 5 by the ETH Board, CCEM was able to attract MCHF 4.0 of public, and MCHF 6.6 of
private, third-party funding. Supplementing its portfolio, a first thematic call for proposals was launched, target-

ing the electrification of individual transportation.

The crucialrelevance of energyas aresearch areais underlined

by increasing world-wide efforts to boost innovation and

competitiveness, andto secure accessto affordable and clean

energy. CCEM strives to accelerate research activities in the

fields of energy supply, conversion, transmission and use.

Among other measures, CCEM further consolidated three

major approachesin 2009 forachieving these goals:

¢ atransparentand proven process for facilitating interdisci-
plinary projects, emphasizing high standards of scientific
quality,

e concentrated research effort on dedicated questionsinthe
field of energy,

e access to cutting-edge infrastructure for energy research
within the ETH domain, and continuous upgrading of this
infrastructure for facilitating projects.

In their evaluation report of 2 February 2009, the Evaluation

Committee concluded that CCEM is a model of outstanding

success, in an excellent position to generate impact, on the

righttrack, and ready to expand its programme and activities

beyond its current portfolio. The financial resource allocation

was considered to be very effective and the projects’ duration

and progress adequate. For the further advancement of the

Center, the Evaluation Committee recommended that:

e CCEM be strongly supported in the future,

e quality control be optimized,

e the most relevant subjects should be actively sought out,
concentrating know-how and setting priorities according
to the Center’s strategy,

e further efforts should be made to vitalize contact with re-
search partners from industry, legislative bodies and socio-
economic fields.

CCEM published two calls for research proposals in 2009: a
joint callin May, togetherwith Swisselectric Research, onthe
topic of “Pathways Towards the Electrification of Individual
Transportation”; and a second, general, call in October. In
total, 15 new proposals have been submitted, of which 4 have
so farbeen approved, with the evaluation process still going
on. These proposals involve 74 research groups from PSI,
ETHZ, EPFL, EMPA and the Swiss Center for Electronics and
Microtechnology CSEM, and include 13 groups from several
universities of applied science.

Results of collaborative projects

Several projects have reached important milestones. As ex-
amples, we present projects that focus on converting renew-
ableresourcesinto energy carriers, on using them efficiently,
and on minimizing their environmental impact.

Inthe “27 generation biogas” project, continuous operation
of the hydrothermal conversion of liquid biomass into syn-
thetic natural gas (SNG) has been achieved for the first time,
with the experimental results verifying process simulation.
Investigation of the potential of hiomass available forenergy
revealed large unused stocks in forests and residual wood,
manure and waste wood. Only half the potential available is
being used today (Figure 1).
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Figure 1: Assessment of the potential energetic use of biomass in
Switzerland.
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Figure 2: Carbon K-edge NEXAFS spectra of individual soot particles
in samples taken immediately after injection into a smog chamber
(POA, red) and after processing by simulated sunlight (SOA, blue).
Results are compared for a Euro-2 (top) and a Euro-3 (bottom)
diesel vehicle. The main features of interest are peaks at 285 eV
(aromatic hydrocarbon species), 288 eV (carboxylic functional
groups) and 292 eV (aliphatic hydrocarbons).

Inthe project “Technologies for Gas Turbine Power Generation
with CO, Mitigation, GT-CO,”, the structure of a gas-turbine
process using flue gas recirculation (FGR) is being investi-
gated, withthe aim ofincreasing the CO; fraction of the exhaust
gas and thereby reducing the volume to be treated in a CO»-
capture plant. Thermo-economic modelling for two configura-
tions has been performed. Combustion studies showed
lower flame stability with increased FGR, whereas modelling
revealed the potential for increasing efficiency and power
output with increased FGR rate. Catalytic and non-catalytic

combustion experiments have been performed to create a
consistent data set of flame regimes, making it possible to
simulate combustion with airorhighrates of FGRwith detailed
gas-phase mechanisms.

Inthe project Next Generation ExhaustAftertreatment (NEADS),
new selective catalytic reduction (SCR) catalyst materials are
being investigated in order to achieve high reactivity and
conversion, even at low exhaust gas temperatures. In addition,
a ceramic-foam-based substrate is under development to
replace the conventional diesel oxidation catalyst, thereby
improving the performance and lifetime of the subsequent
after-treatment system (particulate filterand/or SCR system).
For iron-exchanged zeolites being investigated as SCR cata-
lysts, a calculation method was developed to estimate the
fractions of differentiron species and to assess their mecha-
nistic role in the SCR reaction.

To understand the influence of new ceramic-foam-based
catalysts onthe diesel particulate filter (DPF) installed down-
stream, the deposition of soot and ash in the DPF has been
analyzed and is now understood in more detail.

Another aspect of the project is to understand the morphol-
ogy of soot particulates processed in the smog-chamber.
Analysis has shown a clear correlation between after-treatment
technology (as required to fulfil Euro norms) and the chemical
functional group composition (Figure 2).

Theresults and activities ofthe other projects, in the fields of
mobility, electricity, heat and buildings, as well as fuels from
renewable primary energy sources, can be found in [1].

Interaction with society

Asof1)anuary 2009, CCEMjoined forces with novatlantis, the
sustainability initiative of the ETH Domain, and its outreach
activities, which have furtherenhanced the position of CCEM
as a cross-institutional activity.

In April, CCEM presented new technologies for powertrains
fortransportvehicles atthe "Westfest", the inauguration ofa
new stretch of the Autobahn around Zurich.

In October, the “Energie-Trialog-Schweiz” (ETS) published its
"Energie-Strategie 2050", a road map for the future Swiss
energy system, encompassing supply and demand. The ETS
initiative aims at promoting understanding between society/
politics, industry, and science. Intheyears 2007-2009, CCEM
provided numerous studies and inputs into the ETS process,
to base the formulation of this energy strategy on sound sci-
entific results and energy-economic modelling [2].
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Nuclear energy research and its complete toolbox

Jean-Marc Cavedon, Nuclear Energy and Safety Research Department, PSI

The wish to understand nuclear energy production systems “from the atom to the reactor” comes every year a

little closer to an operational reality. This calls for a wide array of different levels of research and research tools.

We will use this year’s selection of scientific highlights from the Nuclear Energy and Safety Department to illus-

trate the variety of tools that belong the nuclear energy researchers’ toolbox, from ab-initio description of ma-

terials to fluid mechanics and planet-scale energy models.

Nuclear energy originates by nature from subatomic events,
i.e. nuclear fissions, which deliver energy to complex engi-
neered power units up to and above the gigawatt level. This
inherent duality between the microscopic and the macro-
scopic worlds shapes the research areas in nuclear energy
and also definesthe numerous complementary experimental,
instrumental and numerical tools it needs. We will use the
selection of ourresearch topics from 2009 to guide us through
the experimentaland computationaltools thatourDepartment
usestoobtainand publishits state-of-the-artresearch results.

Experiment, theory and simulation

Ourfirstexampleintroduces usto numerical simulation, which
the exponential rise in computing power is bringing to a par
with the traditional experimental approach. M. Krack reports
on the computer-simulated “heating” of a UO, crystal up to
1500 K, solidly founded on basic theory (here quantum phys-
ics); one could describethisworkasan “in silico” experiment
on a (virtually) radioactive sample. This neologism makes
even more sense if one assigns the term “in vitro” to experi-
ments where all parameters are well controlled, while “in vivo”
would describe full-scale experiments in which the com-
plexities of a complete engineered system (for reactors) or of
the natural environment (for geological repositories) are
preserved

High-performance computing

The next illustration of recent developments, requiring hun-
dreds ofthousands of CPU-hours peryear, nolongerconcerns
a model of a nuclear ceramic such as UO,, but a model of

structural materials in nuclear conditions — here, the Fe-Cr-C
system as a simplified model for steels, and ultimately high-
temperature steels such as the ODS (oxide dispersoid
strengthened) family. A.C. Uldry et al. show that calculations
based on Density Functional Theory already bring an insight
into how Cratoms are clustered (or conversely soluted) in an
Fe matrix, according to the Cr content. Here, magnetism is
pointed at as the microscopic origin of emerging properties
such as atom clustering.

High-accuracy and high-resolution
measurements

An interdisciplinary team at PSI has been involved in a new
measurement of the half-life, ti2, of ¢°Fe (I. Giinther et al.).
Separation chemists, analytical chemists, radiation physicists
and astrophysicists have determined the value of ti, by
setting a known number of ¢°Fe isotopes in a low radiation
background environmentand measuring the absolute number
of gamma rays emitted by their daughter ¢°Co isotopes. The
accuracy of the measurement was improved by a factor of 12
over the previous one. This remarkable step forward in ac-
curacy also brought a value for ty> which is surprisingly
higherthan previously determined (+75%). This forces astro-
physicists, e.g. modellers of the Solar System, to revise present
models. Also noteworthy is the fact that the large collection
of several 10" isotopes of ¢°Fe was created by transmutation
reactions duringthe activation ofa copperblockbeam dump
by the very high current of high-energy protons available at
PSI. Nuclearwaste gives here directinformation on our Solar
System and on our Universe.

Safe underground storage is also a topic that benefits from
high-resolution measurements. D. Popov et al. show that
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crystallography with present-day high-brilliance X-ray beams
can bring us a precise identification of the structure and
composition of micrometre-size crystalsin a highly heteroge-
neous environment.To help understand how the cements that
we use today for packaging radioactive waste will look like in
100,000 years, the team of geochemists have studied
100,000-year-old natural cements and identified in them, for
instance, tiny tobermorite crystals. The micrometric spatial
resolution of the microXAS beam line SLS was crucial in ex-
tracting a clear signal within a very heterogeneous sample.

Full-scale and small-scale facilities

Studies on the safety of nuclear reactors today do not rely
solely on atomic-size calculations, and this by a long way.
Large-scale phenomena are essential in describing real-life
configurations. Thisyear’s exampleis given by D. Paladino et
al., who studied the mixof hydrogen, steam and airthat could
be found in a nuclear reactor containment vessel after a hy-
pothetical core meltdown. Gas stratification could lead to the
formation of hydrogen-rich layers, with the risk of hydrogen
detonation/deflagration. The numerous mass and heat sourc-
es and sinks brought by the operation of several safety de-
vices tend to destroy these layers by turbulent mixing. The
dynamic interplay between build-up and destruction of the
layerswillinthe end eithergive rise to a hydrogen risk, ornot.
Nothinglessthan full-height experiments (tens of metres) on
heavily instrumented gas mixing vessels such as PANDA at
PSI can deliver the basic data needed for evaluating and
mitigating the risk of such rare gas mix configurations. These
data are also essential for calibrating today’s complex com-
putational fluid dynamics calculations, including three-di-
mensional effects.

Ontheotherhand, nothing lessthan small-scale experiments
on separate effects with specially developed instruments will
allow furtherimprovement of these computer codes, as well
as the thorough training of our students.

Nuclear energy as an element of the
sustainable energy mix

Reliable and safe operation of nuclear plants, together with
safeand credible disposal of nuclearwaste, are essential for
the socialacceptance ofthis particularenergy source. Aclean
ecologicalrecord and economic competitiveness are the two
otherproperties needed to make nuclearenergya sustainable
one. Planet-scale energy scenarios, like the ones devised by
H. Turton et al., help us in understanding the position and
trends of the share of nuclear energy in the sustainable en-

ergy mix. The results extracted from the ADAM project, co-
funded by the EU Commission, stress here what stringent CO,
atmospheric concentration targets would imply in terms of
technology development to meet these targets, and at what
cost.

The targets range from none (business as usual) to a very
stringent 400 ppm at the end of the century, barely higher
than today’s 380 ppm.

Focusing on the nuclear share of the supply mix, it appears
that in all scenarios the nuclear fleet will at least double by
2050 and then decrease almost to the present level, if ura-
nium resources are consumed with today’s technology (light
waterreactors). When one assumes a more resource-sparing
reactortechnology (fast breederreactors), the nuclear share
soarsto 30% ofthe world electricity supply while slashing the
cost of CO, mitigation measures by a few percent in terms of
world GDP. This expansion would be carried out atthe expense
ofthe fossiland biomass shares, both supposedly equipped
with costly carbon capture and sequestration units. Other
renewable sources are assumed by then to have achieved
economic competitiveness and keep their share in this sen-
sitivity study. The study also considers social rejection of the
nuclear solution (phase-out) and its (high) attached cost.

Conclusion

Computers, samples of nuclearwaste orgeological cements,
detectors, mass spectrometers, X-ray beams, full-size instru-
mentedvessels, togetherwith a globaland accurate descrip-
tion of all technology sources, this is the list of tools used to
obtain the results shown in the following pages. It captures
thevariety oftools and disciplines that belong to the nuclear
energyresearchers’toolbox. There are, of course, many more
toolsthatare used and many more results to show, which we
will presentin the years to come.
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Approaching uranium dioxide from first principles

Matthias Krack, Laboratory for Reactor Physics and Systems Behaviour, PS/

Simulation has matured to a third pillar of equal importance in research next to its two classical pillars, experi-

ment and theory. Accurate and reliable simulation methods, based on first principles of physics, are now avail-

ableto simulate chemicalreactions using up-to-date supercomputers, introducing a new era in materials research.

One can now simulate nuclear fuels, such as uranium dioxide, thereby reducing the need for difficult and costly

experiments with hazardous materials. Properties obtained from atomistic simulations can be used as input

parameters for macroscopic fuel performance codes employed for safety evaluations.

In recent decades, simulation has become the third funda-
mentalcomponentinresearch, in addition to experimentand
theory. Fundamentalresearch, especially, is nowadays driven
by the powerful interplay of these three basic ingredients
(Figure 1).

Many problems are today addressed using simulation tech-
niques, due to the rapid growth of computing power. The de-
velopment of accurate and reliable simulation methods has
openedthe doortoanew quality of research in biology, chem-
istry, and materials research. Forinstance, chemicalreactions
are now performed in the computer (“in silico” biology) using
first-principles simulation methods. In this way, computers
have become virtual laboratories, and consequently super-
computersare anewkind of high-performance research facil-
ity, like the various experimental research facilities at PSI.

First-principles methods

First-principles methods are directly derived from established
laws, the so-called first principles, of physics. Thus theyinvolve
noad-hocassumptions and nofitting parameters. The predic-
tive power of first-principles methods originates from the
accurate description ofthe underlying physics. Such methods

Figure 1: Interplay of major research ingredients.

arealso called ab-initio methods. Prominent examples of ab-
initio methods are electronic structure methods which solve
the Schrodinger equation to obtain the wave function of a
system. Once this wave function is known, then, in principle,
all kinds of properties can be derived from it. However, the
solution of the Schrodinger equation is a difficult task, since
electrons behave as non-classical particles and exhibit a
complicated correlated motion together with the nuclei. A
straightforward brute-force solution is already computation-
allytoo demandingforsystems with only a few atoms. Control-
led approximations, which can physically be justified, are
required. Forinstance, an important approximation which is
commonly applied is the adiabatic separation of the motion
of nuclei and electrons, known as the Born-Oppenheimer
approximation. This separation is physically justified by the
large mass difference between nucleiand electrons. However,
the correlated motion of the electron alone still remains a
challenging problem and many advanced techniques are
necessary for its solution. Nowadays, density functional
theory (DFT) is avery popular and efficient approach to tackle
this problem. Hohenberg and Kohn showed, in their seminal
work in 1964, that there is a one-to-one correspondence be-
tween the electron density and the energy of a system. The
advantage of dealing with the electron density instead of the
wave function becomesimmediately obviousifone notes that
the wave function of an N-electron system depends on 3N
coordinates, oreven 4Nifthe spinisincluded. In contrast, the
electron density is given by the square of the wave function,
integrated overN-1electron coordinates, thatdependson just
3 spatialcoordinates, independentofthe numberofelectrons.
Thus, the electron density has the same numberofvariables,
independent of the system size, while the complexity of the
wave function increases tremendously with the number of
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electrons. In the framework of DFT, electron interactions are
described by a functional which provides direct mapping
between electron density and energy. Unfortunately, the exact
functional is not known, but functionals derived from the
physical properties ofthe electron gas have been devised. The
results obtained with these functionals are surprisingly ac-
curateandreliable, evenifitwould not be intuitively expected
that the electrons in a crystal or a molecule bear any resem-
blance to an electron gas. Consequently, strongly correlated
electrons, such as the d-electrons of the first-row transition
metals or the f-electrons of the lanthanide and actinide ele-
ments, are challenging for DFT methods and need special
treatment. Moreover, for the heavy actinide elements, such
asuranium, an appropriate consideration of relativistic effects
isrequired.

Ab-initio molecular dynamics

Nowadays, it is possible to calculate the electronic structure
of an atomic configuration consisting of about 100 atoms in
less than a minute, on a supercomputer using advanced im-
plementations of a DFT method [1]. The actual potential of the
system is calculated on-the-fly, based on first principles. The
energyandtheforcesonallatomsare computed, which allows
a propagation of the system in time by integrating Newton’s
equation of motion. An integrator time step of the order of a
femtosecondisneeded, duetotherapid motion ofthe atoms.
Thisisaquite shortinterval, butmany chemicalreactions take
place on a femtosecond (107" s) time scale, and simulation
times ofafewtens of picoseconds (1072 s) are often sufficient
to simulate a reaction, giving insight at the atomic level into
elementary chemical processes. The upcoming SwissFEL ex-
periments will allow comparison between experiment and
simulation onthe sametime scale, allowing furthervalidation
to be made of the applied simulation techniques and their
underlying theoretical methods.

Simulation of nuclear fuels

Nuclear fuels consist of actinide materials, but experiments
with such materials are difficult and very expensive, espe-
cially when irradiated material has to be studied. Computer
simulations using DFT methods provide an alternative way of
obtainingreliable data forthese materials, which canthenbe
usedasinputparameters forfuel performances codes. In this
way, a direct link is established from the atomistic scale to
macroscopic simulation methods, which are employed for
safety evaluation of nuclear facilities. Accordingly, the devel-
opment, validation, and application of new computational

Figure 3: Snapshot from a molecular dynamics simulation of
pristine UO at 1 bar and 1500 K.

toolsisrequired, exploiting the performance of current cutting-
edge supercomputing facilities. This is the main goal of the
Materials Simulation Group within LRS, and a new activity of
the STARS project. The CP2K program package [2] foratomistic
simulations is being actively developed in the framework of
anopen-source project, focusingonits applicationto actinide
materials such as uranium dioxide (UO,), which is techno-
logically one ofthe mostimportantactinide materials, because
itisthe main component of currently employed nuclearfuels.
Figure 2 shows the fluorite structure of pristine UO..

This sample was “heated” to 1500 K at 1 bar in the computer
usingthe ab-initio moleculardynamics scheme implemented
in CP2K. The oxygen sublattice already exhibits at this tem-
peratureamuch higherdisorderthan the uranium sublattice,
as shown in Figure 3.

This work is being performed within the framework of the EU
FP7 project F-BRIDGE [3].
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Turbulent mixing of stratified fluid layers — a wide-
spread and often safety-relevant flow phenomenon

Domenico Paladino, Michele Andreani, Guillaume Mignot, Ralf Kapulla, Robert Zboray, Nejdet Erkan,

Jurren Fokken, Horst-Michael Prasser, Laboratory for Thermal Hydraulics (LTH), PSI

In the containment vessel of a light water reactor (LWR), hydrogen may appear during a postulated severe acci-

dent. Since hydrogen poses the risk of detonation and/or deflagration, the accurate prediction of hydrogen

distribution in the containment has safety relevance. Gas mixing and stratification influence the hydrogen dis-
tributioninthe containmentand the OECD SETH-2 project with its PANDA tests addresses these phenomena. LTH
complements its large-scale PANDA tests with dedicated small-scale experiments equipped with innovative

measuring techniques, to address fundamental aspects of turbulence mixing modelling in the presence of den-

sity gradients.

The phenomena of mixing and stratification are widespread
in nuclear applications. The mixing of coolant streams in T-
junctionsin parts ofthereactorcircuitduring emergency core
coolingwaterinjection andin the outlet duct of high-temper-
ature reactors are some examples.

Mixing and stratification also take place in the containment
during a postulated accident with core degradation, when
hydrogen, steam and air are present together. Gas stratifica-
tioncanleadtolocalincreasein hydrogen concentration and
to the formation of mixtures which could cause detonation
and/ordeflagration. Mass and heat sources/sinks, e.g. steam
released from the primary circuit during a Loss of Coolant
Accident (LOCA), water injection by the spray system, heat
release caused by the functioning of catalytic hydrogen re-
combiners, or heat removed by containment coolers, induce
turbulent flows, which promote mixing and the destruction
of hydrogen-rich regions in the containment. The prediction
of formation and destruction of hydrogen-rich regions in an
LWR containment is a challenging task for advanced reactor
system codes and for 3D Computational Fluid Dynamics (CFD)
codes. In the framework of the OECD/SETH-2 project, an ex-
perimental programme on-going in the PANDA facility [1] ad-
dressesthe scenarios leadingto mixing of aninitially stratified
containmentgas atmosphere by heatand mass sources. New
experimentsaim to create data fora database suitable forthe
assessmentandvalidation ofadvanced computationaltools.
The use ofthe large-scale, multi-compartment PANDA facility
permits the performing of tests at a scale comparable to that
of LWR containment compartments.

LTH complements the investigations in PANDA with facilities
having simplified, small-scale geometries and high-resolution

instrumentation, as the data obtained by these facilities are
more suitable for the improvement of numerical turbulence
models. One of these facilities consists of a horizontal chan-
nelwith square cross-section, in which two liquid streams of
different density mix downstream of a splitter plate that
separates the upper and lower halves of the channel in the
inlet section. This channel, called GEMIX (GEneric MIXing), is
instrumented with a combination of different, high-resolution
measuring techniques. Laser methods, in particular Particle
ImagingVelocimetry (PIV) and the technique of LaserInduced
Fluorescence (LIF), are combined with wire-mesh sensors and
wall sensors. All these together allow the acquisition of data
characterisingthe flow field and the distribution of the trans-
portscalardescribingthe progress of mixing, with aresolution
showing details of the turbulent structures close to the
stratification layer. Experimental results allow the accurate
visualization and parametric characterization of a turbulent
mixing layer, in particular the density gradient effect on the
enhancement or suppression of turbulence. The statistical
evaluation of such experimental data, coupled with accom-
panying fundamentalmodelling efforts using techniques such
as DirectNumerical Simulation (DNS) and Large Eddy Simula-
tion (LES), is directed towards improving the turbulence
modelsin CFD codes, aswellasin 3D system codes used cur-
rently for containment analysis. An important side issue is
that these small-scale tests are especially good sources of
scientific topics for student projects.

Students of the new course for a Master’s Degree in Nuclear
Engineering, recently launched jointly by ETH Zurich and EPF
Lausanne, are regularly involved in these activities.
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Figure 1: Simulation of a PANDA test with the GOTHIC code.

Figure 2: Isokinetic mixing
in the GEMIX facility.

PANDA investigations and simulations

The conditions investigated in the OECD SETH-2 PANDA tests
(geometry of injection, extent of helium-steam layer, compo-
sition, Froude number, temperature, pressure, etc.) are rep-
resentative for typical accident conditions. An example of
simulation ofthe experimentaldatais shownin Figure 1, where
resultsusingthe GOTHIC code with 2D and 3D representations
are presented, with two different modelling mesh resolutions.
The 2D fine-mesh representation predicts the destruction of
the stratification afterabout 1400 s, while the 3D coarse mesh
simulation predicts stratification remaining even at 1800 s.
The participantsinthe SETH-2 project (regulatory authorities,
industry and national (research) institutions) also use these
PANDA test results for their own validation of other codes,
such as FLUENT, CFX, GASFLOW, ASTEC, TONUS, and CAST-3M.
Figure 1is related to one test belonging to the SETH-2 series
named “Vertical Fluid Release”. Other SETH-2 PANDA test
series are related to the influence of horizontal fluid release,
containment spray, containment cooler, hydrogen-oxygen
recombiner, rupture disks, and the Integral Passive Contain-
ment Cooling system.

Stratified isokinetic layer tests in GEMIX

Currentwater mixing experiments in the GEMIX facility [2] are
focused on the basic mechanisms of turbulent mixing in the
presence of strong temperature and/or density gradients

under isokinetic velocity conditions. The non-stratified con-
centration field (upperimage, Figure 2) is considerably altered
inthe presence of stable density stratification (lowerimage,
Figure 2).

Dueto entrainment, the mixing region grows with downstream
distance forthe non-stratified case, while this growth is almost
completely suppressed forthe stratified case, i.e. the turbulent
mixing in a vertical direction (and consequent entrainment)
is considerably reduced.

Mixing and stratification of liquids and gases are phenomena
which can occurin many different parts of nuclear power plants
andenergeticinstallationsin general, and therefore the find-
ings of these research activities have a broad range of ap-
plication.
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New measurement of the half-life of ®9Fe

Ines Giinther-Leopold, Niko Kivel, Hot Laboratory, PSI; Dorothea Schumann, Regin Weinreich, Laboratory for

Radiochemistry and Environmental Chemistry, PSI; Michael Wohlmuther, Laboratory for Accelerator Operation

and Development, PSI; Georg Rugel, Thomas Faestermann, Klaus Knie, Gunther Korschinek, Mikhail Poutivtsev,

Technische Universitdt Miinchen, Physik Department, Germany

In a collaborative project between the Technische Universitét Miinchen and PSI, a new value of (2.62 = 0.04)X10%

yr for the half-life of 5°Fe has been determined - significantly above the previously accepted value of (1.49 *

0.27)x106yr. This has a significantimpact on the interpretation of formation time scales in the early Solar System.

The %°Fe sample used had been extracted from a copper beam dump irradiated for more than ten years with high-

energy protons at PSI. The main experimental methods used in this study were gamma spectrometry and multi-

collector inductively coupled plasma mass spectrometry.

Knowing the properties of radioactive nuclei produced by
astrophysical processesis a key to understanding the devel-
opment of our Universe, and the half-life of ¢°Fe plays an im-
portant role in different astrophysical investigations. Most
prominent examples are the nucleosynthesis in the current
Galaxy as observed through gamma rays, the history of the
early SolarSystem as observed through meteoriticinclusions,
and deposits of supernova ejecta on Earth as indicated in
ocean-crust material.

Beforetheinvestigations describedinthe presentarticle, two
measurements of the half-life of %°Fe had been reported: 3 x
10°yr (uncertain by a factor of 3) [1], and (1.49+ 0.27) x 106 yr
[2], which has been the accepted value until now. Obviously,
a more accurate determination of the ¢°Fe half-life is in great
demand and might have significantimpacton the interpreta-
tion of astrophysical data.

In general, half-life determinations can be performed by
measuring fora sample the two components of equation (1):
A - ¢OFe activity, and N — number of ®°Fe atoms:

N
T,:=-I--l112 M

&

Sample preparation

A%Fe sample was extracted from a copperbeam dump oper-
ated at PSI between 1980 and 1992.In 2004, when the short-
lived radionuclides had decayed, the chemical separation of
iron from the bulk material, as well as from the main con-
taminant ¢°Co, was performed by the Rad Waste Analytics

group at PSl using liquid-liquid extraction and precipitation
techniques [3].

About one order of magnitude more ¢°Fe material was avail-
able forinvestigation compared with Ref. [2].

Activity measurement

The activity, A, ofthe ®°Fe sample was determined by scientists
from the TU Miinchen in a shallow underground laboratory
with a shielding of 15 m waterequivalent, to reduce cosmic-ray
induced background. The activity ofthe sample was monitored
for almost 1000 days by the grow-in of the daughter isotope
60Co via the two prominent gamma ray lines of 1.17 and
1.33 MeV (Figure 1).
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Figure 1: Activity of the two °Co lines as a function of time.
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Figure 2: MC-ICP-MS in the
PSI Hot Laboratory.

The measurement of both ¢°Co lines yielded a value of Agore =
(49.19 £0.11) Bq, with an initial ¢°Co activity of 0.2 Bq (back-
ground in the sample).

Measurement of the number of atoms

The number of ®°Fe atoms was determined from the sample
by the Isotope and Elemental Analysis group of the PSI Hot
Laboratory usinga multicollectorinductively coupled plasma
mass spectrometer (MC-ICP-MS, Neptune, Thermo Fisher
Scientific, Bremen, Germany, Figure 2) with a desolvating
sample introduction system for higher sensitivity [4, 5].
Forthe determination of the number of atoms of ¢°Fe, a mas-
ter sample aliquot of 100 mg was taken and diluted with 3%
nitric acid to approx. 4 ug/g. In orderto calibrate the system,
a certified reference material IRMM-014) was prepared in the
same manner, to match the matrixand achieve similar signal
intensities. The method of isotope dilution (ID) was used for
the quantification, and the analyte solutions prepared as five
replicates, with different spiking ratios from 5’Fe />¢Fe = 1.5 to
0.75,to eliminate systematic error. As the analysis procedure,
the standard-sample bracketing method was used. With this
method, potential drifts of the mass spectrometer can be
detected and the data corrected forthese drifts. All data were
corrected for background, mass bias, and isobaric interfer-
ences (including ¢°Ni).

The iron concentration in the ID sample was determined to
be 585.6 + 1.6 pg/g, corresponding to 2.662 + 0.009 mg of
ironinthe mastersample. The ratio Neore/Nre Was determined
to be (2.0483 +0.0035) x 107“. Therefore, the number Neore
in the master sample was determined to be (5.873 + 0.020)
x10%.

Results and conclusion

Using equation (1), a half-life of ¢°Fe of (2.62 + 0.04) x 10® yr
was calculated, based on the measured quantities [6]. This
new value is much more precise (1.5% relative uncertainty)
and significantly larger than that currently accepted.

An understanding of the early history of the Solar System
needs knowledge of the precise half-life of °Fe. Since the new
determination of the half-life yields a 1.76 times highervalue
than the one accepted until now, all models of the Solar Sys-
tem now have to be critically reviewed.

Furthermore, itis plannedinthe nearfutureto extractan even
larger amount of ®°Fe from the copper beam dump and send
subsamples ofthis materialto interested laboratories world-
wide, to allow a cross-check of the determined half-life
within the scientific community.
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X-ray micro-diffraction on 100000-year-old
natural cementitious materials
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Light Source, PSI; Philip Pattison, EPFL, Lausanne, and ESRF/SNBL, Grenoble; Urs Méder, University of Bern

Akey matrix forthe safe disposal of radioactive wastes is cement, which is used to solidify waste and to construct

engineered barrier systems in planned, deep, geological repositories. Investigations on natural analogue sam-

ples afford a unique opportunity to extend the present knowledge on the long-term behaviour of a cementitious

near field, which is mainly based on laboratory and field studies carried out over at most a few years, to geo-

logical timescales of more than 100000 years. Recent improvements in X-ray optics and detectors make micro-

diffraction a powerful tool for investigations on highly heterogeneous systems.

Cement-based materials play an important role in multi-
barrier concepts being developed worldwide for the safe
disposal of radioactive waste. For example, ~95 wt% of the
near field of the planned Swiss disposal cavern for low and
intermediate level waste consists of cementitious materials.
Inadeep geologicalrepository, very strong chemical gradients
control mineral alterations at the interface between the ce-
mentitious nearfield (pH >12.5) and the surrounding claystone
formations (pH 7-8), due to large differencesin the respective
chemical conditions. Theinteraction of the hyperalkaline pore

Figure 1: Optical image of a more than 100000-year-old alteration
zone formed between a natural cement and limestone, a
sedimentary rock. The inset shows a scanning electron micro-
scope (SEM) image of the interface, illustrating the length scale
and morphology of different mineral phases, which were
analyzed by X-ray micro-diffraction (micro-XRD).

waterofthe cementitious nearfield with the surrounding host
rock changesthe physicaland geochemical properties atthe
interface. To date, experimental knowledge on the chemical
reactionsoccurring, and the minerals formedin the alteration
zone, is almost completely lacking.

Laboratory experiments have been successful in following
diffusion-controlled alteration zones, but the identity of sec-
ondary minerals formed could only be established to a lim-
ited extent [1]. Complementaryto the information from short-
term laboratory and multi-yearfield experiments, information
onthe nature of alteration products at the cement/surround-
ingrockinterface can be gained from naturalanalogues, which
have been developed overtime periods relevantto geological
disposal. The most important natural hyperalkaline system
was discovered at Magarin (Jordan), and had been studied
for more than a decade [2, 3]. There, high temperature and
ambient pressure conditions led to the formation of clinker,
and following subsequent re-hydration, to the formation of
cementitious phases. U-Th disequilibrium series dating sug-
gested an age ofthe cement mineralization of ~100 000 years.
Continuous leachingalongfracture-bound groundwater flow-
pathsformed cementitiousin-fills, interfaces to the adjacent
clay-bearing limestone (Figure 1).

The inset in Figure 1 shows the SEM image of an alteration
zonewhich hasathickness of ~30-50 um. The aim of this study
was to determine the mineral composition and the spatial
heterogeneity on compact samples (thin sections) prepared
from the cement/limestone interface. Micro-XRD was applied
becauseitis capable of providing basic structuralinformation
from selected micron- and sub-micron-sized crystals within
complex matrices.
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Micro-XRD investigations

Initial XRD characterizations were carried out using an unfo-
cused beam, collimated down to 200x100 pm?, atthe CRISTAL
beamline at the French synchrotron light source SOLEIL,
France. XRD images collected with the unfocused beam ex-
hibited only a few, very weak, diffraction lines. This can be
attributed to the presence of large amounts of amorphous
components in the sample. A search in the PDF-2 database
identified the diffraction lines observed with the unfocused
beam to match the (100), (004), (008), (0012) reflections of
ettringite (CasAl,(S04)3(0H)1, - 26H,0).

Figure 2: Comparison of XRD data for ettringite (spot 1in Fig. 1)
collected with beam sizes of 200 X100 um? (top) and 10 X 10 pm?
(bottom).
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Figure 3: Characterization of a C-S-H-area of the alteration zone:
a) SEM image; b) micro-diffraction pattern and c) one-dimen-
sional diffraction diagram of 11 A tobermorite. Diffraction lines
shown in red were predicted from the structure.

Micro-XRD techniqueswere applied to improve the resolution
of the XRD data, with the aim of performing a single crystal
refinement. The microXAS beamline at the SLS delivers an
intense X-ray beam with a spatial resolution down to 1x1pm?2.
The availability of state-of-the-art XRD detectors (such as
PILATUS) made this beamline crucial forthis study. In contrast
to measurements with the unfocused beam, micro-XRD pat-
terns collected using the micro-beam exhibited strong diffrac-
tion spots of ettringite (Figure 2), consistent with the hexago-
nal translation lattice (a=11.23 A, c=21.48 A).

SEM investigations of the interface between the limestone
and the cement further showed small (~1 pm), platelet-like
structures, consisting mainly of Ca, Si, Al, O (Figure 3). The
secondary phases formed at the interface (spot 2 in Fig. 1)
were identified as 11 A tobermorite, a crystalline calcium sili-
cate hydrate (C-S-H) mineral (space group I2mm, a=5.58 A,
b=3.69 A, c=22.85 A). Previous studies on 11 A tobermorite,
which were performed on larger crystals, showed that the
mineral exhibits significant ordering-disordering (OD) features
[4]. Application of the OD approach on the micro-XRD data
from micron-sized crystals revealed a strong stacking disorder
of 11 A tobermorite. To the best of our knowledge, this study
was the first in-situ study on naturally formed, micron-sized
tobermorite crystals and was only feasible with a high-bril-
liance, highly focused X-ray source such as that available at
the microXAS beamline of the SLS.
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From Fe-Cr to steel: Atomistic calculations

of binary Fe-Cr alloys

Anne-Christine Uldry, Maria Samaras, Max Victoria, Wolfgang Hoffelner,

High Temperature Materials Project, Laboratory for Nuclear Materials, PSI

The suitability of Fe-Cr steels in the 2 to 20 at%Cr concentration range as structural material for the next gen-

eration of nuclear power plants is under discussion. In the context of materials design through modelling, first-

principles atomistic calculations are being performed on the pure Fe-Cralloy in order to investigate the preferred

configurations of Fe and Cr atoms as a function of the Cr concentration. A tendency of the Cr atoms to cluster

beyond 12.5 at%Cris observed and also characterised by a short-range order parameter. The inclusion of carbon

is expected to shed some light on precipitations in realistic steels.

Cheap and abundant, iron (Fe) is also incredibly versatile. Its
interdependent magnetic, structuraland mechanical proper-
ties can bedrastically altered by alloying with otherelements.
Hard steels can be formed by the inclusion of smallamounts
of carbon (C), and corrosion-resistant steels by the further
addition of chromium (Cr). Recentyears have seen arenewed
interest in understanding and developing new Fe-Cr-based
steels in view of the challenges posed by the requirements
for structural materials for future nuclear power plants (both
fission and fusion). Itis within the context of materials design
and predicting the long-term effects of irradiation and harsh
environments on materials that modellingis expected to play
a crucial role [1]. Computations within Density Functional
Theory (DFT) form the basis of multi-scale modelling and a
means of gaining insight at a fundamental level into the
mechanisms at play in Fe-based alloys.

Crin Fe: Thereluctant solute

While the main features of the phase diagram of the pure,
unirradiated Fe-Cr model alloy are widely accepted, many of
its details are stillunderinvestigation [2]. Thisis in particular
the case at the onset of a Cr-rich phase known to form at low
Crconcentrations and up totemperatures relevantto nuclear
power plant operation. Magnetic interactions play a major
role in the ability ofthe Cratoms to form a solid solution with
Fe or to exhibit a tendency to cluster, depending on the Cr
content[3]. The ground state of pure Fe is ferromagnetic, while
that of pure Cr is described by an antiferromagnetic spin-
density wave. The substitution of Fe atoms by Cratoms there-
fore creates situations of magnetic frustration, and itis to be

expected that the preferred configurations for the Fe and Cr
atoms will be heavily constrained by magnetism at any given
Cr concentrations. Configurations of lowest energy can be
searched and studied by spin-polarised total energy DFT
calculations, by means of the supercell approach.

Density Functional Theory calculations

Possible ways to treat random alloys have traditionally in-
cluded the virtual-crystal approximation and the coherent-
potential approximation. These are mean-field approaches
and therefore not suitable when the details of the local envi-
ronments are expected to play a key role. An appropriate
method in these circumstances is the construction of super-
cells (repeated BCC unit cells in all spatial directions). The
total energy of a range of different Cr arrangements is calcu-
lated and used asthe discriminating criterion. Figure 1shows
the lowest energy structures that were found using the pro-

‘Fe -Cr
6.3% 12.5% 16.7%

Figure 1: Representation of the lowest energy structures found
for6.3, 9.3, 12.5 and 16.7 at%Cr alloys.
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jector-augmented wave implementation ofthe code VASP [4].
A clear tendency of the Cr atoms to cluster is evident at
16.7 at%Cr. In contrast, at both 6.3 at%Crand 9.3 at%Cr the
Cr atoms tend to be more spaced out. The 12.5 at%Cr has
characteristics of transitional behaviour, with two different
structures having near-degenerate energies after relaxation
of the ionic positions. While no guarantee exists that these
structures correspond to an absolute energetic minimum,
good consistency of results is obtained through the range of
supercell sizes tested (up to 4x4x4).

Short-range ordering versus clustering

A quantitative means of qualifying the configurations of Cr
and Fe atoms at a given concentration is by calculating the
so-called short-range order parameterforeach configuration.
Forthe binary alloy Fe1xCry, it can be defined pershell ‘I around
a Cratom as a'=1- ne' /[(1X)N_pos], where neelis the number
of Fe atoms in the ['" shell and n_pos' is the total number of
sitesinthis shell. This purely structural parameteris particu-
larly relevantto Fe-Cralloy, and can be measured experimen-
tally by diffuse neutron scattering measurements [5], whose
results are reproduced in Figure 2 (full circles).

In Figure 2, anegative short-range order parameterindicates
short-range ordering, while a positive value reveals a ten-
dencyto cluster. Superimposed on the experimental measure-
ments in Figure 2 are the calculated values from the lowest
energy structures found by DFT, showing reasonable agree-
ment between modelling at the lower end of the atomistic
scaleand experiments. This picture correlates with the calcu-
lation of formation energies [2] at low Cr concentrations, which
predicts negative mixing enthalpies for Cr concentrations
below 6%.
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Figure 2: Weighted (15t and 2"4 shell) short-range order
parameter; full circles as measured by Mirabeau [5],

empty circles as calculated for the lowest energy structures.
The line is simply a guide for the eye.

Modelling steel

The ab-initio, first-principles calculations outlined above il-
lustrate the concentration-dependent formation of Cr-rich
regions in the pure Fe-Cr system. A further step towards the
modelling of steelis the study ofthe effect ofinterstitial carbon
impurities on the system. While a full understanding of the
role of carbon on the mechanical properties of steel, both in
normal environments and under irradiation, necessarily in-
cludes phenomena beyond the reach of DFT, static ab-initio
calculations can provide insightinto the formation of carbon
precipitates. Afteranalysingthe large local deformation caused
by the introduction of a single carbon atom in pure Fe, the
affinity of the carbon for Fe or Cr was investigated on small
supercells ofthe 12 at%Cr Fe-Cr system (Figure 3). Afirstround
of calculationsindicates a preference ofthe carbon for Fe over
Cr, while nitrogen (another impurity commonly found in Fe)
would prefer proximity to the Cr atoms. These results are
preliminaryand are part of ouron-goingworkon these systems.

& C &N

Figure 3: 2x2X2 supercells with 14 Fe, 2 Cr and either 1 Cor 1 N.

Conclusions

A quantitative description of impurities, both substitutional
(Cr) and interstitial (C, N), and theirimpact on, and preferred
configurationsin, the Fe matrixhas been obtained using first-
principles calculations. These investigations illustrate the
power of DFT calculations that can be used to predict mate-
rial properties and, in the future, to design materials.
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Organic aerosol in the atmosphere

André S.H. Prévot, Peter F. DeCarlo, Valentin A. Lanz, Urs Baltensperger,
Laboratory of Atmospheric Chemistry, PSI

Organic particulate matter affects human health and climate forcing. The sources and evolution of organics are
poorly characterized. High-time-resolution measurements in recent years across the globe in the northern
hemisphere have shown that secondary organics formed in the atmosphere are most of the time more important
than the emitted primary organic aerosols. A new model framework is introduced using the measurable volatil-
ity and the degree of oxidation of organic gases and aerosols to describe the evolution of organics and their
impact on climate, without the necessity of measuring each organic molecule individually.

The study of organic aerosols used to be frustrating forchem-  compounds. The recently available aerosol mass spectrom-
ists. Afteryears ofinstrumental development, only10-30% of  eter does not allow individual compounds to be identified,
the particulate organic matter could be identified as specific ~ but provides organic mass spectraat high time resolution that
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Figure 1: Composition of particulate matter around the world in the northern hemisphere. HOA refers to fossil organic primary
aerosol (often traffic), other OA includes wood burning and other sources, OOA refers to oxidized (mostly secondary) organic
aerosol, while SV-OOA and LV-OOA refer to semivolatile and low-volatility OOA, respectively. The inset provides the atomic O:C
ratios of the different organic components.
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Figure 2: Schematic of the pathways of organic molecules during
photo-oxidation.

can be attributed by clever statistical methods to specific
sourcesorcomponents, such asorganics from trafficemission
orwood burning, orsecondary organic aerosols that are pro-
duced fromthe oxidation of organictrace gases. This method,
originally developed in Switzerland, has been used at many
locations in the northern hemisphere (Figure 1). It has been
found that organic aerosols are, in general, an important
component of particulate matter, and secondary organic
aerosol (OOA) is often the dominant organic fraction.

As reported in our recent publication in Science [1], a new
framework has been developed to characterize the evolution
of organics without the need to measure all individual com-
pounds.The organic molecules can be characterized by certain
volatility and atomic O:Cratio bins. Atmospheric processing
involves functionalization (e.g. adding acid groups to the
organicmolecules), oligomerization, and fragmentation reac-
tions (break-up of molecules) (Figure 2). These reactions need
to be parametrized and can then be used in regional and
global models.

Besides the possibility of modelling the amount of organic
aerosols, climate-relevant parameters are also directly linked
to modelled parameters. Figure 3 shows that the O:Cratio is
directly linked to the ability of the organic matter to take up
water. This influences the ability of particles to form clouds,
which in turn affects the earth’s radiation budget and thus
the climate. This linkwas found in smog-chamber experiments
using individual precursors, such as the biogenic a-pinene
and isoprene and the man-made trimethylbenzene, as well
asinfield campaigns with varying degrees of pollution atthe
Jungfraujoch and in Mexico City.

Outlook

Inthe future, the functionalization, oligomerization and frag-
mentation reactions need to be studied in more detail and
quantified for different types of emissions and compounds.
Also, other potentialinfluences on the production of second-
ary organic aerosol, such as aqueous chemistry in aerosol-
bound water and cloud droplets, will be studied. The impor-
tance of different sources for the production of secondary
organic aerosols can be studied in smog chambers and in
ambient air by combining aerosol mass spectrometry with
other, only recently available, measuring techniques, such
as C analysis of the carbon in particulate matter, allowing
fossil and non-fossil sources to be distinguished.
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Tracking trace gases in snow

Markus Ammann, Thorsten Bartels-Rausch, Adela Krepelova, Michael Kerbrat, Laboratory of Radiochemistry

and Environmental Chemistry, PSI and University of Bern; Thomas Huthwelker, Swiss Light Source, PSI

The exchange of trace gases between air and snow has a wide range of effects on atmospheric composition,

climate and ecosystems. Through a combination of analytical, radiochemical and X-ray spectroscopic techniques,

we have disentangled the complex interplay between physical transport processes in highly porous snow and

chemical transformations at the interface between ice and air, for several nitrogen oxide species. The results

improve our capability to predict the relationship between snow chemistry and the ozone budget, to better as-

sess the export of trace constituents into sensitive ecosystems and to better understand the way atmospheric

trace constituents are trapped into ice archives, from which past climates are reconstructed.

Introduction

Permanent and perennial snow covers a significant fraction
of Earth’s land mass, attimes more than 50% in the northern
hemisphere. The exchange of trace gases between air and
snow affects the local composition of the air, and contributes
tothe temporary or permanent removal of atmospheric trace
constituentsinto snowandice. Inice archives, such as polar
or mid-latitude glacier ice cores, the concentration of these
constituents is used to support the reconstruction of past
climate and environmental chemistry. Snow also acts as a
transfermedium for persistent pollutants by releasing trapped
constituents into local, potentially sensitive, ecosystems
upon snowmelt.

Nitrogen oxides are of relevance because they largely control
the abundance of ozone in the atmosphere. Their exchange
between snow and the atmosphere involves a complexinter-
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Figure 1: Surface-sensitive X-ray absorption spectra of clean ice,
nitrate doped ice and HNO; solution.

play between physical transport processes in this highly po-
rous medium, aswellas chemicaltransformation attheinter-
face betweenice andinterstitialair[1, 2]. The mostimportant
of these are the photolysis of nitrate leading to NO and NO,
andthefurtherreaction of NO, to nitrous acid (HONO). HONO
isanimportant precursorof OH radicals — often referred to as
theatmosphere’s cleansingagent. Decipheringthe nature of
nitrate at the ice surface and the processes controlling the
formationandtransportofnitrous acid through snowis there-
foreimportantin understanding the interaction between the
chemistries of snow and atmosphere.

Nitrate at the ice—air interface

We have used ambient-pressure X-ray photoelectron spec-
troscopy (XPS) and electron-yield near-edge X-ray absorption
spectroscopy (NEXAFS) atthe Advanced Light Source (ALS) to
determine the concentration of nitrate and its hydrogen-
bonding environmentwithin the upperfew nm ofice. Figure 1
compares oxygen K-edge NEXAFS spectra from cleanice, from
ice doped with small amounts of nitrate and from a concen-
trated HNOs3 solution.

It appears that the spectrum under conditions of low nitrate
coverage can be represented as a linear superposition of a
cleanice spectrum and the HNOs solution spectrum. This in-
dicates that the nitrate-doped ice surface consists of clean
iceand nitrate ions that are coordinated asin a concentrated
solution.
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Figure 2: Evolution of the HONO gas phase mixing ratio with
time (solid line) after contact with humic acid doped ice. Two
consecutive irradiation periods in the visible range (orange
arrows) in the presence of NO; in the gas phase are shown.

The shaded areaiillustrates the accuracy of the HONO measure-
ment. Time zero denotes the beginning of the (first) irradiation
period.

Photosensitized formation of HONO

As mentioned above, the photolysis of nitrate leads to NO..
Among othersecondary processes, NO, can undergo reduction
to HONO. We have previously established that this reduction
may be photosensitized by humic acids, a class of organic
materials ubiquitously present in the environment. Figure 2
shows that irradiation with visible light leads to a sharp in-
crease of HONO inthe airabove a frozen humicacid solution.
Experimentsthus demonstrate thathumics can transform NO,
to HONO, even at cold temperatures and inside an ice matrix,
assisted by solar radiation [3].

Diffusivity of HONO in snow

Finally, we addressed the question of how rapidly HONO, once
formed, could migrate within the snow pack to reach the at-
mosphere. This experiment made use of the PROTRAC facility
at PSI, which provides the short-lived radioactive isotope >N
with which HO"NO was synthesized in ourlaboratory. Asmall
flow containing the HO®NO was passed through the head-
space above a snow surface in our novel snow diffusion
chamber (SDC). The complexmigration could now be monitored
from outside using y-detectors. The slope of the migration
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Figure 3: 3N activity along the snow diffusion chamber as
measured by the coincident y-counter during exposure of the
snow sample to HO'3NO. The solid line at 45 mm represents
the gas/snow interface.

profile shown in Figure 3 allows the net migration velocity of
HONO along the snow sample to be directly retrieved, using
the half-life of ®N of 10 min as a stop watch. Analysisindicates
thatadsorption of HONO attheice-airinterface leads to about
two orders of magnitude lower diffusivity than expected for
diffusion alone of the same molecule in a medium with the
same structure [4].
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Climate change mitigation options for
the global energy system

Hal Turton, Laboratory for Energy Systems Analysis, Departments of General Energy and Nuclear Energy and
Safety, PSI; Bertrand Magne, International Energy Agency, Paris; Socrates Kypreos, dysenos AG, Switzerland

Current patterns of energy supply and use across the world are contributing to global climate change. The En-
ergy Economics group at PSI has analysed scenarios of possible pathways for the future development of the
global energy system that respond to this challenge by deploying new technologies to reduce greenhouse gas
(GHG) emissions. This work has identified important technology options, such as carbon capture and storage,
renewable energy (particularly biomass), nuclear energy and efficiency for achieving very low stabilization
targets for atmospheric GHG concentrations, to support the development of policy in Europe.

Theworld todayis confronted by anumberof challenges aris-
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economic integrated assessment model was applied. This

model — MERGE-ETL — represents the energy sector and  Figure 1: Electricity output in mitigation scenarios.
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economy for nine regions covering all the countries in the
world. MERGE-ETL estimates energy demand and selects
technologies that are cost effective over the long term, so as
to maximize global economic utility. The model includes a
range oftechnology options forenergy supply and conversion,
coveringfossil fuel power plants (both conventionaland more
advanced technologies), renewables and nuclear energy. In
addition, PSI implemented ‘technology learning’ in this
model - i.e. the process by which technologies improve as a
resultofresearch and development (R&D) orexperience using
and manufacturing atechnology. Further, PSlimplemented a
more detailed representation of the nuclear fuel cycle to ac-
countforthe constraintsinherentinthe management offissile
material stocks and the recycling of nuclear materials.

Selected results and conclusions

Four global scenarios for mitigation of climate change are
presented in Figure 1. Each scenario considers a different
target for atmospheric concentration of GHGs (ranging from
‘Baseline’, inwhichthereisnotarget, downto avery stringent
400 ppm). Figure 1 shows the utility-maximizing set of tech-
nologies forglobal electricity generationin each scenario. We
can see that responding to increasingly stringent climate
change targets requires a number of technological develop-
ments. Theseincludethe large-scale adoption of carbon-free
power plants and reductions in energy demand, mainly from
improvements in efficiency. Under a 550ppm target, clean
coal (integrated gasification combined cycle, or IGCC), nu-
clear power (light water reactors, or LWRs), wind farms, and
biomass play an important role in the mid-term, with clean
coal with carbon capture and storage (CCS) and renewables
representing long-term options. Nuclear LWRs, biomass and
CCS all face resource constraints given limited geological or
land availability. Under the 450ppm and 400 ppm targets,
clean coaltechnologies become significantly less competitive
due to the stringency of the target (even with CCS, because
not all emissions can be captured). In contrast, natural gas
(NGCQ) is more attractive early in the century, and maintains
this position later with the adoption of CCS.

Overall, the results in Figure 1show that major technological
changeis neededto realize very stringent mitigation targets,
and newtechnologies are likely to play a significantrole. Many
such technologies are still somewhat immature, but are ex-
pected to become more competitive with increasing experi-
ence and further R&D. In all scenarios, technology learning
plays an important role in bringing down the cost of new
technologies (especially renewables and CCS), substantially
reducing the economic costs ofachieving the climate change
targets.
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Figure 2: Electricity generation shares for alternative nuclear
scenarios, and GDP losses.

Furtheranalysis of future options was conducted focusing on
the technologies identified above, to assess some of the
uncertainties (such as the availability of CCS, nuclear power
or biomass; or the rate of development for renewable tech-
nologies such as solar PV). Figure 2 focuses on the uncer-
tainty over whether nuclear generation and advanced nu-
clear options (such as fast breeder reactors, or FBRs) will be
available. Figure 2 shows the electricity generation mixin the
year 2100 under a stringent climate target of 400pm, across
three scenarios of nuclear availability. The figure also shows
the economic cost of achieving this climate mitigation target
underthethree cases. Theresultsindicate thatthis mitigation
targetcan be achieved with a phase-out of nuclear power, but
atsignificantly highereconomic cost. On the otherhand, the
availability of advanced FBRs lowers the economic cost, re-
duces fossil fuel use and avoids the need to use expensive
CCS options.

In summary, the results indicate that stringent mitigation
targets can be met under many technology scenarios, but
majortechnological changeisneeded. Importanttechnology
options include carbon capture, renewables (particularly
biomass), nuclear energy and efficiency.

This analysis represents an extract of work for the European
Commission as part ofthe ADAM (Adaptation and Mitigation
Strategies: Supporting European Climate Policy) project [1].
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The Paul Scherrer Institute runs Switzerland’s large-scale research
facilities forusers fromthe nationaland international scientific com-
munity, in particular for condensed matter, materials science and
biologyresearch. PSlis one of onlytwo locationsin the world provid-
ingthe three complementary probes of synchrotron X-rays, neutrons
and muons at one site.

Synchrotron X-rays are available at the Swiss Light Source (SLS) — a
third-generation synchrotron light source based ona 2.4 GeVelectron
ringand providing photon beams of high brightness at17 beamlines.
Neutrons are produced atthe continuous spallation source SINQ —the
onlyone of its kind worldwide. SINQ is a state-of-the-art user facility
for neutron scattering and imaging with a suite of 13 instruments.
The Swiss Muon Source (SpS) isthe world’s mostintense continuous
muon source, with 6 beamlines available for experiments using
muons as sensitive local magnetic probes. High-precision particle
physics experiments use these unique beams to complement the
LHC high-energy frontier experiments at CERN in investigating the
limits of the Standard Model of particle physics.

Both SINQand SpS are powered by a590 MeV cyclotron that delivers
a 1.3 MW proton beam (the world’s highest average power proton
beam).

In 2010, the suite of User Facilities will be extended by the Ultracold
Neutron Source (UCN), and a few years later by the Swiss X-Ray Free-
Electron Laser (SwissFEL), a new large-scale facility that will provide
ultra-short, intense X-ray pulses for the investigation of fast proc-
esses and the determination of molecular structures.

In addition to the User Facilities at the accelerators, other PSI labo-
ratories arealso opento externalusers, e.g.the Hot Laboratory oper-
ated by the Nuclear Energy and Safety Department that allows ex-
periments to be performed on highly radioactive samples.
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Operation of the PSI Accelerator Facilities in 2009

Stefan Adam, Andreas Liideke, Anton C. Mezger, Marco Schippers, Mike Seidel

Department of Large Research Facilities, PSI

The Department of Large Research Facilities has responsibility for operation and development of all accelerator

facilities at PSI. These are the High-Intensity Proton Facility, the Swiss Light Source, the Proscan medical ac-

celerator and a low-energy facility driven by the Injector 1 cyclotron. This article covers operational aspects as

well as performance highlights and new developments achieved in these facilities.

Operation and development of the
high-intensity proton accelerator complex

The Swiss authorities approved a new operating licence with
araised beam current limit of 2.2 mA for standard operation
and 2.4 mA forbeam development. Operation at this current
was established during 2009, with excursions up to 2.3 mA
oversome predefined periods (Figure 1). The overall availabil-
ity of the facility was close to 90%, a value typical for recent
years. As a result of the increased production current, the
integrated chargevalues delivered (showninTable 1) represent
newrecordvaluesinthe history ofthe PSI proton accelerator.
Inthefirstthird of the run period, itwas not possible toachieve
the full current, because enhanced losses were observed in
thering cyclotron. Amisaligned vertical collimatorwas iden-
tified as the origin of these losses. The collimator was then
removed during a regular service and, from then on, the ac-
celerator was able to operate at full intensity.

Two majorfailures of the electrostatic injection and extraction
devices inside the ring cyclotron occurred in weeks 25 (EIC)
and 41 (EEC). During week 21, the performance of Injector Il
was disturbed by the collimator RIL2, that had mechanical
problems and could not be set in a reproducible way. With
modified operational settings, it was nevertheless possible
to continue operation and postpone the repair until the next
shutdown. On 22 December, the run period had to be termi-
nated 2.5 shifts beforeits planned end, due to a majorfailure
of site power. Figure 3 shows key figures on a weekly basis
over 2009, such as availability, average production current,
charge accumulated on the 4 cm meson production target,
and the number of beam trips.

Towards the end of the run period, a new, 10" harmonic
buncher in the 72 MeV transfer line was tested. Promising
results were obtained for low currents, but at high currents

Figure 1: Production current over the year 2009.

Beam-time statistic for the high-intensity facility 2009

Total beam time

to meson production targets 5120 h
to SINQ 4670 h
Beam integral

total beam integral on Meson Targets 9.7 Ah
total beam integral on SINQ 6.2 Ah
Outage

unscheduled outage longer than 5 minutes 336 h

total unscheduled outage 415h

total outage [current below TmA] 556 h

Availability 89.5 %

Table 1: Beam-time statistics for the proton facility.

the behaviour of the beam is still not well understood and
more studies are required.
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In preparation for regular operation of the new source for ul-
tracold neutrons, UCN, many short-pulse beam tests were
performed on atemporary beam dump in the UCN beamline.
In the week before Christmas, first short-pulse beam tests
were performed on the UCN target itself, in orderto verify the
correct beam optics and to test the diagnostics and machine
protection systems.

Failure analysis

The relative contributions of subsystems to downtimes in
2009 are shown in Figure 2. The longest interruptions were
caused by electrostatic devices and failures in cooling circuits.
Broken water hoses resulting from radiation damage will be
avoidedin the future by preventive replacement during shut-
down. Controls and diagnostics problems are strongly coupled
andtheir13% contribution to downtimeis higherthan usual.
The downtime caused by replacement of the filaments of the
ion source is a systematic effect, since the filaments cannot
survivethe three-week period between service days. Although
unavoidable, this downtime contributes to the statistical
non-availability. However, this downtime will be eliminated
by the planned replacement of the present ion source by a
new ECR source during the 2009-2010 shutdown.

Improvement of cyclotron performance for
patient treatment with PROSCAN

Since 2007, the PSI proton therapy facility has provided
250 MeV proton beams for patient treatment, continuously
andthroughouttheyear.Beamtimeisalso used for commis-
sioning of Gantry 2, the eye-treatment facility OPTIS2, irradia-
tion at PIFand accelerator studies. The increase of operation
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Figure 2: Downtime characterization for outages in the p-facility
longer than 5 minutes (ca. 340 hours).

time of about 330 h to 5169 h in 2009 was mainly caused by
preparations forstarting treatment at OPTIS2. The total avail-
ability was 96%. The Center for Proton Therapy used 3468 h
in 2009. The longest interruptions were caused by various
faults in the RF amplifier, a mechanical defect at the vertical
deflectorin the cyclotron, and control problems after the in-
stallation of new software. As in previous years, scheduled
maintenance was performed during Monday evenings and
over sixweekends, including the following Monday. In these
cases, patients were treated the following Saturday. Accel-
eratordevelopments concentrated on improvements to beam
stabilityand reproducibility, and reduced wear of components
by sputtering.

Changingtheion source chimney from molybdenum to tung-
sten hasdoubledits serviceintervalandincreased day-to-day
reproducibility. Sputtering processes resultin the removal of
materialfromthe so-called pullerelectrode attheion source.
This effect limits the lifetime of this expensive component to
4-5 months. A newly developed puller tip is now exchange-
able and uses tungsten instead of copper (Figure 6). After
3 months, no wear from sputtering has been observed.

L3 !.ﬂ'.u

Figure 3: Operation of the
Proton Facility: availability,
u average current, delivered
charge and beam trips.
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Figure 4: Average operating hours per month and availability of
PROSCAN in 2009.
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Figure 5: Contributions of subsystems to downtime.

To switch the beam between treatment areas, the extracted
beam intensity must be changed quickly, which is not pos-
sible with the ion source. Therefore, phase slits at 20 cm ra-
dius in the cyclotron are used to vary the beam intensity. In
order to keep activation and heat load at such components
small, it is desirable to perform beam collimation at lower
energies. Toreduce the losses atthe phase slits, studies have
been performed to reduce the beam width. This has been
achieved by a decrease and a shift of the aperture of a fixed
slitin the first turn. Further improvements were obtained by
modifying avertical collimator. This collimatorintercepts part

of the beam in the first few turns, when deflected by means

of the vertical deflector plates. Calculations of the positions
ofthebeam atthe collimatorhave been confirmed by foil-burn
experiments. Following the calculations, the shape of the
vertical collimator was matched to the locations and vertical
sizes of the first few turns. These modifications contributed
significantlytoanincrease of cyclotron performance and beam
quality for treatment.

Development and operation of the SLS

Theyear2009 has beenthe bestyearso farforthe Swiss Light
Sourceinterms of beam availability. With three days between
beam outages on the average and a typical duration of an
outage of only one hour, we reached an outstanding beam
availability of 98.7%.

The main contributions to long beam outages in the past five
years originated from four systems: shorting of the 16 kV grid
transformers (95 hours); water leaks in the RF cavities
(73 hours); the 3HC cryostat system (64 hours); and one bro-
ken RF couplerwindow (64 hours). Allmain transformers have
now been replaced and it is suspected that their production
series had systematic problems. The waterflow in the cavities
has been reduced, the water chemistry has been adjusted
and new cavities have been ordered to address the water leak
problems. More spare parts have been acquired for the 3
harmonic cavities, but the system still remains one of the
biggestrisks forlongoutages ofthe SLS. Figure 7 clearly shows
thatthese long outages dominate the downtime statistics of
the pastyears.

The longest outage last year was caused by a water leakin a
higher-order-mode couplerof a cavity. The RFgroup optimized
their process for sealing leaks by using a new glue that dries
within afew hours. As aresult, average repairtime was reduced
from days to hours, which will ease the situation until the
cavities can be replaced. The SLS operational statistics are
summarized in Table 2.

Figure 6: Damage of the puller nose due to loss of material by sputtering (left) has been decreased by applying a tungsten nose tip
(middle) that does not show any degradation after 3 months of operation (right).
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Beam-time statistics 2009 2008
Doentma <S5 h Downtime =6 h -
Total beam time 6704h | 76.5% | 6824h | 77.7%
250 « user operation 5007 h | 57.1% | 5160h | 58.7%
. 0 —incl. compensation time 144 h 1.6% 144 h 1.6%
£ ® beamline commissioning 896h | 10.2% | 848h 9.7%
¥ 150 150 132 9 0
E * setup + beam development 800 h 9.1% 816 h 9.3%
7] 100 e 2 Shutdown 2064h | 23.6% | 1968h | 22.4%
|§ a0 2 = " User operation downtimes 68 78
Gl a0 B4 = e unscheduled outage duration 66 h 1.3% 218 h 4.2%
] e injector outage (non top-up) 14 h 0.3% 23h 0.5%
2005 2008 2007 2008 2005
Total beam integral 2460 Ah 2448 Ah
Yoar of Cparatnn
Availability 98.7% 95.8%
Figure 7: Total downtimes for long and short events. Availability after Compensation 101.6% 98.5%
MTBF 72.6h 65.3h
MTTR (mean time to recover) 1.0h 2.8h
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Figure 8: Downtime per failure category in 2009.

Table 2: SLS operation statistics.

The event logging system proved to be very useful for analyz-
ing the most frequent causes of beam distortion and is a de-
pendable source ofinformation forupgrade and maintenance
planning. One measure that is currently in process is the
prevention offalse arcinterlocksin the RF system. About 20%
of allbeam outages are caused by arc interlocks, and a large
fraction of these are suspected to be avoidable. The installa-
tion of coincidence arc detectors will help to reduce such in-
terlocks.
The materials science beamline will be equipped with a new
insertion device in 2010. A cryo-cooled permanent magnet
undulator (CPMU) will replace the last wigglerin the SLS. The
new undulator will generate photons up to 30 keV at a gap of
3.5mm.Wewillinstallanew aperture-limiting scraperin order
to protect the insertion devices with these extremely small
gaps.The scraperwill beinstalledintheinjection straight, far
away from the next beamline. In this way, the loss of halo-
electrons with large vertical displacements will be localized

Not only beam outages are disturbing operation. Failure of
theinjectororadeviationfromthe desired beam parameters,
suchasthebeam lifetime orbeam size, can significantly affect
the quality of experimental conditions. In order to enable
efficientandthoroughinvestigation of such beam distortions,
we have developed an operation event logging system [1]. An
eventis defined by startand stop rules. The relevantinforma-
tionrelated tothe event, such asarchived beam data, related
entries in the shift logbook or lists of alarms, are automati-
cally collected to support quickand comprehensive investiga-
tion of the circumstances that led to the disruption of opera-
tion. Severaltypes of events are currently defined: downtime,
beam-drops, bad beam lifetime and expansion of the vertical
beam size. Each event will be assigned to a failure category
afterits causes have beenidentified. Figure 8 shows downtime
eventsin 2009 assigned to different failure categories.

without affecting userinstruments. Anew mode of operation
was developedin 2009: the low-alpha mode [2], which allows
the generation of electron pulses shorterthan 10 picoseconds.
The X-rays generated by these electron pulses can be used for
time-resolved measurements. This mode will be offered for

pilot experiments in 2010.
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The Swiss Light Source in 2009:
Finishing the build-up and pushing the science

Stefan Miiller, Clemens Schulze-Briese, Christoph Quitmann, J. Friso van der Veen, SLS, PS/

Theinauguration of the NanoXAS beamline in November 2009 rang the bell for the final round of beamline build-

ing at SLS. Achieving excellent scientific results using the existing beamlines will be the predominant task for

the future. The quality of the existing instrumentation is proven by yet another increase in the number of users

and many high-impact publications, the most prominent of which is the contribution of the PXbeamlines to the

Nobel Prize-winning work of V. Ramakrishnan. Public outreach activities of SLS included successful interna-

tional conferences and workshops, as well as the PSI summer school and the Joint Users’ Meeting.

New record — more proposals than ever before

The pastyear showed a significantincrease in the number of
proposals, reaching 724. More than 1500 individual users
carried out atotal of 1053 experiments, visiting the facility on
average twice peryear. Figure 1shows the number of propos-
als submitted since SLS started regularuseroperationin 2002.
Overbooking for ADRESS and PX-l increased from 1.7 to 3.4
and from 6.5 to 8.7, respectively.

At PX, we encourage users to request beam time on both
public beamlines in order to carry out the bulk of the screen-
ingatthe high-throughputbeamline X06DA and high-resolu-
tion data collection atthe high-performance beamline X06SA.

Industrial use — protein crystallography and more

Almost 200 out of 1800 experimental days were used by private
companies. The boom in industrial protein crystallography
continues, with 80% of the industrial experiments at SLS
carried outatthe PXbeamlines by companies such asRoche,

800 1

New proposals
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Figure 1: Number of submitted proposals in the years 2002-2009.
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Figure 2: 2009 distribution of the SLS experimental days
between proprietary and academic research.

Novartis and Béhringer (Figure 2). This high demand triggered
the founding of the service crystallography company Expose
asaPSlspin-off. The other20% was dedicated to X-ray lithog-
raphy, powder diffraction and tomography.

Open access for academic users

Access for academic researchers from EU member and as-
sociated statesis supported through the European integrated
infrastructure project ELISA. In 2009, 50 % of beam time was
given toacademic users from EU countries, proof of the facil-
ity’s international visibility.

Committees — evolving to follow challenges

Because of the advent of SwissFEL, the SLS Scientific Advi-
sory Committee (SAC) was augmented by FEL specialists,
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forming the new Photon Science Advisory Committee (PSAC).
This is headed by Prof. Dr. Gerhard Materlik (Diamond Light
Source) and will advise PSl on strategy forthe SLS and Swiss-
FEL, and their collaboration. The two Proposal Review Com-
mittees (PRC) evaluated in total 724 proposals. The non-PX
and PX committees are chaired by Prof. Ph. Aebi (Univ.
Fribourg, Switzerland) and Prof. Dr. Nenad Ban (ETH Zurich),
respectively.

Building the final beamlines and
upgrading the first

Ahighlight of the yearwas the inauguration of the new Nano-
XAS beamline, which combines scanning X-ray transmission
microscopy (STXM) with in-situ scanning probe microscopy
(SPM), enabling spatially resolved X-ray spectroscopy studies
of modern nano-materials. The goal is to push the resolution
limit well below 10 nm. The NanoXAS beamline was built in
collaboration with EMPA and the University of Erlangen-
Nirnberg and was jointly financed by Swiss and German
agencies.

Two new beamlines, Phoenix and X-Treme, will be opera-
tionalinthe second halfof2010. Both beamlines are forX-ray
absorption spectroscopy, with Phoenix focusing on environ-
mental and materials research and X-Treme on dichroic stud-
ieswith a high-intensity magnetic field and at low temperature.
Adedicated beamline (XIL-Il) was built forthe successful X-ray
Interference Lithography project, thus providing seven times
more beamtime than before. In addition, the new XIL-Il beam-
line will provide shorter wavelengths, variable illumination
angles and controlled harmonic rejection. It provides peri-
odic lithographic structures for academic users and will be
used byindustryas atestbed forstate-of-the-artlithography.
A start has been made on the construction of the last SLS
beamline, PEARL, which is expected to become operational
in 2011.

New structure of SLS activities

During the construction of the synchrotron facility, the focus
of facility activities was the development of outstanding in-
strumentation. Now that the facility offers a full range of syn-
chrotron radiation applications to its users, the focus has
shifted towards the thematic scope of in-house research and
scientific cooperation with our users. As part of this change,
the structure of the Synchrotron Radiation and Nanotechno-
logy Department (SYN) was redefined. The operation of the
beamlines at the SLS is split into three thematic areas: mac-
romolecules and bio-imaging (LSB), condensed matter (LSC),

and energy and environment (LSE). These three laboratories
are responsible for the beamlines, user support and an in-
houseresearch programmeintheirrespective areas. The fourth
laboratoryinthe SYN Department performs researchin micro-
and nanotechnology (LMN). LMN operatesthe XIL-Il beamline
forX-rayInterference Lithography, enablingthe production of
large-area periodic nanostructures for a diversity of applica-
tions in magnetism research, optics and sensorics.

Outreach —hands-on experience and
combined users’ meeting

Forthefirsttime, theannual PSISummerSchoolon Condensed
Matter Research atthe Lyceum Alpinum in Zuoz was followed
by atwo-daylab course at PSI. During the lab course, students
could gain hands-on experience whenrunningan experiment
at the SLS, SpS or SINQ. The title of the school was “Func-
tional Materials”. Experts explained the need for functional
materials and the potential of research using large facilities
in areas such as energy storage and conversion systems,
biocompatible materials, superconductivity, aswellasindus-
trial catalysis. The School brought together 96 participants,
with 14 different nationalities and affiliations [Swiss (66), EU
(27) and others (3)].

The users’ meeting was successfully held in a new format
combining all large-scale facilities (SINQ, SLS and SpS) and
involving the newly founded Joint Users’ Association of PSI
(JUSAP) to select workshop topics. It attracted more than 220
scientists.

Highlights

Itisagreathonourforusthatourlong-termuserofthe protein
crystallography beamlines, Dr. Venkatraman Ramakrishnan
from the MRC Laboratory of Molecular Biology at Cambridge,
UK, was awarded the 2009 Nobel Prize in Chemistry for the
structure and function of the ribosome (with Ada Yonath and
Thomas Steitz).

Thereports presented in the ‘Research focus and highlights’
section of this report represent only a small selection from
many results achieved at SLS. In 2009, a remarkably high
numberof user publications (41intotal) appearedinthe lead-
ingjournals Science, Nature, Celland Phys. Rev. Letters. This
illustrates the excellence of our user community and our in-
house staff.

We thank all our users for the excellent science they have
brought to the SLSin 2009.
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Swiss Spallation Neutron Source, SINQ, 2009:
New records and a silver jubilee

Stefan Janssen, Kurt N. Clausen, NUM Department — Research with Neutrons and Muons, PSI

The year 2009 was in many ways an outstanding one for the Swiss Spallation Neutron Source SINQ. The inte-

grated proton current passed the 6000 mAh mark for the first time and its associated high availability resulted

in more than 480 experiments being performed on SINQ instruments. It was also the year of the 25th anniver-

sary of the Laboratory for Neutron Scattering, a highly successful joint venture between PSl and ETH Zurich. Fi-

nally, during the last few operating days of December, the first proton beam was delivered to our new Ultracold

Neutron target station, UCN.

New records ...

Thanks to the proton accelerator again performing very reli-
ably —forthreeyearsin arow, the availability ofthe accelera-
tor has been at or over 90% — and thanks to the stable and
reliable performance of SINQ target operation, more than
6000 mAh of total charge were received by the SINQ target
(6218 mAh) for the very first time, so that the previous record
from 2005 was exceeded by 7%! The new solid-target genera-
tion “7”, with Pbin Zirkaloy tubes and a Pb blanket, provided
again factorin neutron flux of 2.2 compared with the genera-
tion “1” target, and thus almost reached the level of the
MEGAPIE liquid metal target (factor of 2.6). SINQ itself pro-
vided an availability of 99.3% relative to the delivered proton
beam.

Post Docs 24%

PhD students 26%

Undergraduate

Senior Scientists 45% students 5%

Figure 1: Career status distribution of SINQ users 2009.

This outstanding reliability provided the basis for successful
SINQ useroperation and makes SINQ one of the most attrac-
tive neutron sources in Europe. In 2009, 488 experiments
were performed on the 13 SINQ instruments, over a total of
2105 instrument days. For the first time, more than 700 user
visits were recorded and over 400 different scientists came
to perform experiments at the Swiss spallation source.
Fifty-one percent of beam time in 2009 was used by Swiss
groups, followed by groups from Germany (8%), Denmark and
the United Kingdom (both 6%) and France (5%). In total, SINQ
was used by groups from 27 different countries. As can be
seen from Figure 1, SINQ also played an essential role in the
scientific education of future neutron scattering scientists.
55% of users in 2009 were in the undergraduate, doctoral or
Postdoc phases of their careers.

In 2009, another 323 proposals were submitted requesting
SINQ beam time. That exceptionally large numberillustrates
very clearly the interest of the international user community
in SINQ for the future.

...and asilver jubilee

On10ctober1984,the Laboratory for Neutron Scattering (LNS)
was founded as ajoint venture between a predecessor of the
Paul Scherrer Institute (the EIR) and ETH Zurich. Since then,
25 years full of scientific activities have passed, with more
than 1700 publications, and LNS celebrated its silver jubilee
in 2009. From 1984 to 2004, Prof. Albert Furrer was the head
of LNS, and underhis direction major milestones were reached
and aneutron-scattering programme with severalinstruments
was carried outatthe 10 MW SAPHIR reactor. In 1988, LNSwas
strongly involved in establishing Swiss participation at the
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ILL/Grenoble, which became even more important after the
shutdown of the SAPHIR reactorin 1993, afterwhich no Swiss
neutron source was available. From 1993 onwards, LNS was
also stronglyinvolvedin organizingthe annual, and nowadays
traditional, ‘PSI Summer Schools on Neutron Scattering’ in
Zuoz (since 2002, this school has turned into a more general
one on ‘Condensed Matter Research’). LNS then played a
major role in the project to realize the spallation neutron
source SINQ at the PSI proton accelerator. The major tasks
here were the conceptual design and the construction and
realization of the neutron guide system and most of the neu-
tron scattering instruments.

Afterthe first SINQ neutrons had been delivered in December
1996, the tasks of the Laboratory shifted more and more from
the construction of new instruments to their operation, with
many hundreds of users peryear. Of course, the delicate bal-
ance between user service and in-house research was, and
stillis, a major challenge for the Laboratory, but is being im-
pressively met, as is demonstrated by the approximately
100-120 LNS publications peryear.

After the retirement of Albert Furrer at the end of 2004, Joél
Mesot became the new head of LNS and directed the Labora-
tory until July 2008, when he became director of PSI. Jiirg
Scheferthen led LNS ad interim for one year, before the new
head, Andrey Zheludev, was appointed in August 2009, with
the task of continuing the LNS success story and guiding the
laboratory into its second quarter-century.

The first joint user meeting at PSI: JUM@P

On 12-13 October 2009, for the very first time a joint user
meeting was held for the three major user facilities at PSI,
namely the Swiss Light Source (SLS), the Swiss Spallation
Neutron Source (SINQ) and the Swiss Muon Source (SuS).
This Joint Users’ Meeting, called JUM@P ’09, was organized
by PSland its Users’ Association, JUSAP’. The meeting aimed
atbringingtogetherthe three usercommunities and generat-
ing new synergies among scientists, driven by common sci-
entific, ratherthan technical, interests.

Not only the scope of the meeting was new, there was also a
novel approach to defining the scientific programme. The
organizers proposed certain scientific symposia and let the
user community vote on them. Driven by the result, a total of
sixworkshops were then selected by the organizing commit-
tee, ranging from ‘Correlated Electron Systems’ to ‘Protein
Crystallography’.

Aplenarysessionwith invited presentations, two poster ses-
sions, a conference dinner and visits to the PSI facilities
completed the meeting. The scientific programmeis stillonline
and can be seen at: http://user.web.psi.ch/jump09

Figure 2: Florian Piegsa (left) receives the first PSI Thesis Medal
from Prof. J. Friso van der Veen.

Finally, the PSI Thesis Medal was awarded for the first time.
This prize will be awarded biennially for an outstanding PhD
thesis that contains significantresults obtained atone ormore
ofthe PSluserfacilities, and consists of a medal, a certificate
and prize money. This year, the prize was awarded to Florian
Piegsa (currentlyworking as a Post Doc atILLGrenoble, France)
forhiswork on ‘Neutron spin precession in samples of polar-
ized nuclei and neutron spin phase imaging’.

JUM@P’09 was attended by more than 200 people from the
three usercommunities. Fifty-one talks were given and almost
100 posters presented. Afterthe successful start ofthe JUM@P
series, it is envisaged establishing this new format of PSI
user meetings every two years.
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SuS 2009: Swiss Muons made at PSI

Elvezio Morenzoni, Stefan Janssen,

NUM Department — Research with Neutrons and Muons, PSI

Swiss Muons for the international user community: The new record of 178 submitted proposals in 2009 very

impressively demonstrates the strong interest there is in the facility, and the availability of a new and unique

instrument during the coming years will ensure the attractiveness of the facility in the future.

SupS User Laboratory

The Swiss Muon Source, SpS, at PSI and the pulsed muon
facilitiesatISISinthe UKare the only muon sourcesin Europe.
SuS, however, provides unique research capabilities, with its
very high-intensity continuous muon beams and state-of-the-
artinstrumentation. Its uniqueness was reflected in 2009 by
an outstanding number of publications based on research
performed at the facility. A total of 109 papers appeared, in-
cluding publicationsinjournals with high impact factor, such
as Nature (1), Nature Materials (3), the Journal of the American
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Figure 1: Sketch of the sample region of the high-field instrument.
To achieve good positron detection efficiency, the spectrometer
must be very compact and operate with time resolution at or
below 100 ps, at the highest field strength. This is achieved by a
special design based on avalanche photodiode detectors.

ChemicalSociety (2) and Physical Review Letters (10). Thanks
to the excellent and reliable performance of the PSI proton
acceleratorand beamlines, almost190 experiments were able
tobe performed on the sixinstruments, in approximately 700
experiment-days.

The facility is used by Swiss groups from PSland the universi-
ties (43%), with a comparable share from foreign European
groups: 39% of the available beam time was used by groups
from neighbouring European countries, such as the United
Kingdom (14%) and Germany (13%). Additionally, 18% of beam
time was allocated to groups from Japan (10%), the United
States (3%), and Canada and Russia (both 2%). Beam time
was used by almost 150 different scientists during more than
340 visits to PSI.

Towards a new, unique instrument

A user laboratory such as LMU has always to keep the right
balance between leading-edge scientific research, user op-
erationandthe developmentofnewinstrumentsandtoolsto
cope with future challenges. In this respect, 2009 was also
very successful, because a proposalto build anewinstrument
formuon spin spectroscopy research in high magnetic fields
(up to 10T) and at low temperatures (20 mK) (Figure1) was
approved and granted high priority within PSI’s strategic plan.
Thisisvery encouraging and important news, since the reali-
zation of this very challenging project will provide SuS with
another unique instrument for detailed investigation of the
microscopic properties of unconventional superconductors,
low-dimensional magnetic systems, heavy fermions and many
other similar systems.
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The Ultracold Neutron Source: First beam on target

Werner Wagner, Bertrand Blau, Knud Thomsen, Bernhard Lauss, Klaus Kirch
NUM Department, ASQ and LTP, PSl, on behalf of the PSI UCN project team

Ultracold neutrons (UCN) are used in precision tests of the Standard Model of Particle Physics. In December 2009,
the PSI Ultracold Neutron (UCN) Source received the first proton beam on the spallation target. The beam was de-
livered in a well-elaborated sequence of 5 ms pulses, from 100pA up to a full beam current of 2 mA. This test run
successfully confirmed the beamline and system integrity for beam-on operation and neutron production. The
installation will be completed with the cold source in spring 2010.

The PSIUCN source is a new type of ultracold neutron source Figure 2: Finished setup
of the UCN storage

volume surrounded by

based on neutron production via spallation and subsequent

separated neutron storage. It is driven by the full 590 MeV
the heat radiation

shield, vertical UCN
guide on the bottom

proton beam from the PSI ring cyclotron (I, > 2mA), using
several-seconds-long pulsesata 1% duty cycle. Alead/zircaloy

and ~10 tons steel
shielding on top
(about 5m tall):

a) design drawing,

b) during transport to
its final position in the

cannelloni spallation target is used for neutron production.

The proton beamline up to the target was successfully tested
in December 2009 and first neutrons were produced and
observed (Figure 1). Alarge D,0 moderator, a solid deuterium
(sDy) converter, a storage volume and the UCN-delivering

neutron guides are the main system components. The UCN
density delivered to experiments is expected to be about
1000 UCN/cm3, anincrease of almosttwo orders of magnitude
overthe present best source (atILL).

The core of the source is the technically most challenging
component, the sD, crystal container, where neutrons are
down-scattered to become ultracold. This vessel will contain
30 litres of solid D, at 5 K, cooled by supercritical helium cir-
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Figure 1: Observed neutron counts in the experimental West
area during beam testing. Neutron counts peaked at times,
unambiguously matching proton beam kicks. The detected
neutron intensities were found to depend on proton beam
current and tuning.

UCN tank.

culating in a multi-channel labyrinth through the side wall
and bottom plate. UCN can leave the sD, upwards via the
verticalguidetothe UCN storage volume. Thisvolume of about
2m?3 (Figure 2) should store as many UCNs as feasible for pe-
riodsaslongaspossible. The special UCN-preserving coating
ontheinside ofthevolumeis made from diamond-like carbon.
The technical challenge was to produce and coat the large
walland bottom piecesand assemble the volume with minimal
gaps, in orderto avoid losing stored ultracold neutrons.
Installation and commissioning of the cryogenic system, in-
cluding the sD, vessel, and the commissioning of the full
source, including storage volume and all neutron guides, are
the main activities up to the envisaged completion date in
summer2010.Thisshould beintime forthe scheduled restart
ofthe cyclotron afterits winter shutdown.

The UCN source will serve two experimental areas. Inthe South
area, the experimentto search forthe electricdipole moment
ofthe neutron (hnEDM) has beeninstalled. The nEDM collabo-
ration is already pursuing an extensive offline measurement
programme and will be ready to detect the first ultracold
neutrons delivered.
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102 Overview, projects in
protein crystallography
and energy technology

<« PSl researcher Marteen
Nachtegaal preparing an
investigation of catalyst
material at the SLS.

The design and construction of the large research facilities at the
Paul Scherrer Institute constantly require new and innovative solu-
tions atthe cutting-edge of currenttechnologies. Both scientistsand
engineers atthe Institute are successfully pushing the limits in vari-
oustechnologicalfields, from powerelectronics to precision machin-
ing to nanotechnology. Alongside achievements in the various re-
searchfields beinginvestigated at PSI, these accomplishments offer
outstanding opportunities for commercialization by industrial part-
ners.

TheTechnology Transfer office at PSlis ready to assist representatives
fromindustryintheirsearch foropportunities and sources ofinnova-
tion at PSI, or to prepare the way for solutions to their own techno-
logical challenges.

Thefollowing pages present some promisingtechnologies stillto be
discovered by ourindustrial partners.
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Technology Transfer:

At the gateway between research and industry

Robert Rudolph, Technology Transfer Office, PSI; Rouven Bingel-Erlenmayer, Vincent Olieric, Meitian Wang,

Roman Schneider, Claude Pradervand, Wayne Glettig, Takashi Tomizaki, Ezequiel Panepucci, Vincent Thominet,

Jorg Schneider, Andreas Isenegger, Clemens Schulze-Briese, Swiss Light Source SLS, PSl; José Gabadinho,

Xiaogiang Wang, GFA Department, PSI; Yohannes Ghermay, Joannis Mantzaras, Rolf Bombach, Combustion

Research Laboratory, PSI

The mission of the Technology Transfer office is to facilitate the transfer of inventions and technologies gener-

ated by PSI’s broad research activities from the laboratory to industrial applications. Such transfer activity aims

toincrease the competiveness of PSI’s industrial partners in their markets by offering innovations for new prod-

ucts and processes, or opportunities for further developments and improvements. If this economic impact

consequently creates new employment and new products that advance everyday lives, the society supporting

our Institute benefits from the exploitation of our scientific work.

Technology-transferprojects rely on the quality of the relation-
shipsbetweenthe personsinvolvedin differentaspects with
both partners. A major factor shaping these relationships is
the layout of the contractual framework and collaboration
conceptwhichisadopted foreachtransferproject. The great-
esttaskwithinthese boundary conditionsisthealignment of
the needs and expectations of the industrial and scientific
partners.

The most effective way of transferring competencies in tech-
nologies and know-how is to “transfer” people, who not only
take along additional intangible knowledge to the company
but also the enthusiasm to transform their research into in-
dustry-standard applications. PSI has experienced the suc-
cessful “person transfer” of both PhD graduates and senior
scientists.

A very useful way of supporting industrial research and de-
velopmentisto make available theinstrumentsand methods
used atourlarge research facilities. Asa userlab, PSl develops
and operatesinstruments and equipment forawide range of
applications, from materialand structure analysis toimaging.
The services offered by PSl include the evaluation of the ap-
propriate measurement configuration, support with data
acquisition and expertise in data analysis. The following sec-
tion showcases a new opportunity for combining the crystal-
lography capacities at the Swiss Light Source SLS with new
equipment for crystallization.

From the economic point of view, the most significant model
oftechnology transferis projects involving intellectual prop-
erty rights (IPR) generated at PSI. If it is the granting of rights

touse PSl-owned IPR orthe transfer of patents, the industrial
partner expects a direct economic advantage from applying
such protected IPRinitsproductsandis readyto compensate
PSl for this advantage.

Research collaborations offer companies the opportunity to
tap PSI’s know-how and technologies early in the innovation
process. Depending on the technological situation and re-
quirement, a collaboration framework will be set up that
equally matches the interests of the industrial partner and
PSI.An agreementwhich includesthe projectplan, provisions
on intellectual property and confidentiality is the basis for
such collaboration. A public-funded collaboration projectin
the General Energy Department has been concluded in 2009
with Alstom Power (see article on page 64).

Ifyou are interested in one ofthe technology transfermodels
described above, orifyou are looking for advice or consulta-
tiononaspecifictopic, the Technology Transfer office is ready
to connectyou with the matching competencies at PSI.

A beamline-integrated crystallization platform
enabling automated in situ diffraction screening

The structural genomics era has promoted high throughput
and automation methods in the crystal structure determina-
tion process. However, generating macromolecular crystals
suitable for structure solution remains a time-consuming,
iterative trial-and-error process. First crystals appearing under
initial, non-optimized crystallization conditions have to be
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Figure 1: Liquid-handling robot of the crystallization facility. The platform can carry out all steps of the workflow necessary to set up

crystallization experiments in the nanolitre scale.

evaluated in the X-ray beam for their diffraction properties,
and often they only yield low-resolution data of insufficient
quality to determine the crystal structure. Only after these
initial diffraction experiments can scientists startto optimize
the crystallization conditions which ultimately should lead to
the solution of the structure of the macromolecule.

Inordertoreducethetimerequiredforthisiterative cycle, the
SLSteam has built a protein crystallization platform which is
directlyintegrated with the protein crystallography beamline
X06DA. This crystallization platform is open to both aca-

S
P

-

demic and industrial users. The setup allows users to send
their purified protein sample and request crystallization ex-
periments carried out by nano-dispensing liquid-handling
robots (Figure 1). Utilizing a web interface, the individual
crystallization experiments, which are stored in an auto-
mated imaging system, can be visualized and evaluated re-
motely. Moreover, the unique integration of a crystallization
platform with a beamline will enable users to screen initial
crystalsinanautomated mannerinsitu, i.e. inthe crystalliza-
tion container, fortheir X-ray diffraction behaviour (Figure 2).

Figure 2: Sample-changing
robot equipped with a
gripper holding a
crystallization plate into
the X-ray beam at the
X06DA beamline.
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Therefore, the novel layout designed by the SLS team gives
users rapid feedback on important crystal parameters, such
as the diffraction limit, anisotropy, cell parameters, and mo-
saicity. In addition, users avoid any manipulation of the
crystal usually applied when freezing it in liquid nitrogen,
which is often a source of harmful treatment. The results of
the in situ X-ray diffraction screening will guide the users in
planningand prioritizing the optimization of the crystallization
experiments. The optimization steps can also be carried out
atthe SLS crystallization platform.

Combustion of hydrogen-rich fuels for gas
turbine applications

Syngas, consisting mainly of CO and H,, can be produced from
a variety of sources, including biomass and coal, and has
recently attracted increased interestforenhancing fuel supply
security and flexibility in power generation [1]. Moreover,
syngas fuels are better suited for subsequent carbon capture
and sequestration (CCS) strategies in large power plants.
Within an ongoing collaboration with Alstom Power of Swit-
zerland (KTl and CCEM funded projects), the ignition charac-
teristics of pure hydrogen and syngas mixtures have been
investigated in catalytic channel-flow configurations.

In afirst study, the impact of fractional hydrogen pre-conver-
sion on the subsequent homogeneous ignition of fuel-lean
(equivalence ratio @ = 0.30) H,/air mixtures over platinum
has been investigated experimentally and numerically at
pressures up to 8 bar. Fractional fuel pre-conversion is of inter-
est for Alstom’s gas turbines, which employ sequential com-
bustion technology. Pre-conversion results in reduced fuel
andincreased temperatures forthe ensuing reactive mixture
and also furnishes main combustion products and radicals
overthe gaseous induction zone.

Experiments have been performed in an optically accessible
channel-flow catalytic reactor and involved planar laser-in-
duced fluorescence (LIF) ofthe OH radical forthe assessment
of homogeneous ignition. Hydrogen pre-conversion was
achieved via a dedicated catalytic honeycomb reactor posi-
tioned upstream of the main optically accessible reactor.
Simulations were carried out with a 2D numerical code that
included elementary heterogeneous and homogeneous
chemicalreaction schemes[2, 3]. For 0% pre-conversion and
catalyst surface temperaturesintherange 900 K<T<1100 K,
homogeneous ignition was largely suppressed forp > 5 bar,
due to the combined effects of intrinsic gas-phase hydrogen
kinetics and the competition between the catalytic and gas-
phase pathways for fuel consumption. However, a moderate
increase of hydrogen pre-conversion to 30%, with the ensuing
preheat ofthe reactive mixture, restored homogeneous com-

Figure 3: LIF measured (a), and numerically predicted (b),
distributions of the OH radical during fuel-lean (¢ = 0.30)
combustion of Hx/air in a Pt-coated channel reactor with length
300 mm and height 7 mm. Cases (1) and (3) refer to no hydrogen
pre-conversion, while (2) and (4) to 30% hydrogen pre-conver-
sion. The arrows indicate the onset of homogeneous ignition.
The bars provide the OH levels in ppmv.
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Figure 4: LIF measured (a), and numerically predicted (b),
distributions of the OH radical during fuel lean (¢ = 0.33)
combustion of syngas/air mixtures (CO:H, molar ratio of 2:1)
at p = 1bar, in the same reactor as Fig. 1. Plate (c) provides
predictions when CO is replaced with inert N,. The arrows
indicate the onset of homogeneous ignition. The bar provides
OH in ppmv.

bustion for p >5 bar (see Figure 3). It could be shown [4] that
the re-establishment of gaseous combustion at elevated
pressureswith increasing pre-conversionwas highly desirable,
as it moderated the reactor surface temperatures.

Ina second step, syngas combustion was investigated using
the same experimentaland numericaltools. Figure 4 provides
comparisons between measured (a) and predicted (b) OH
distributions for a specific syngas mixture at atmospheric
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pressure. In Figure 4(c), the predictions were repeated by
replacing CO with inert N2. Results indicate that, while the
onsetofhomogeneousignitionis notinfluenced by the pres-
ence of CO, the flame length, and hence the required reactor
length, is greatly reduced by the presence of CO (compare
Figures 4b and 4c). The reason forthis is that gas phase com-
bustion of hydrogen (without CO) is confined close to the wall
(see Figures 3 and 4c). The diffusionally neutral CO fuel com-
busts farther away from the wall, the ensuing heat release
raisesthe channelcoretemperature, andthisinturn supports
gaseous H2 combustion away from the wall. The resultis that
gaseous conversion of H, can be accomplished with consider-
ably shorterreactor lengths (Figure 4c) in the presence of CO
—animportant design aspect for practical reactors.
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4 Frank Buchser (left) and Martin
Leder in the central control
room, from which all accelera-
tors at PSl are operated.

Good science needs good people. It needs those who do the
science — PSl scientists as well as external users — and it needs the
technicians and engineers who design, build and run the highly
sophisticated scientific infrastructure. It also needs the administra-
tive staff who make sure that all procedures run smoothly. Also, it
needs people who take the decisions and plan the Institute’s long-
term development.

And good science needs money — in the case of the Paul Scherrer
Institute, mostly provided by the Swiss Confederation.
Thefollowing pages give an overview of who the people are who work
at PSl, how the Institute is organized and how the money it receives
is distributed.
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PSI'in 2009 — an overview

Finances

The total expenditure of PSIin 2009 amounted to CHF 321.0
million, with the Swiss government providing 74.74 % of this
amount,i.e. CHF239.9 million. Investments totalled CHF 84.0
million (26.17% of total expenditure). Third-party funding
amounted to CHF 80.1 million, with 35.33% coming from
private industry, 19.48% from Swiss federal research pro-
grammes and 10.11% from EU programmes, while the Canton
of Aargau made an additional contribution of CHF 10 million
to the Proton Therapy facility.

PSI Financial Statement (in CHF millions)
2009

Expenditure
Operations* 237.0 | 73.83 %
Investments * 84.0 | 26.17 %
Total 321.0 100 %
Expenditure according to source of income
Federal government funding 239.9 | 74.74 %
Third-party 81.1 | 25.26 %
Third-party revenue
Private industry 28.3 | 3533 %
Federal research funding 15.6 | 19.48 %
EU programmes 8.1 10.11 %
Support by the Canton of Aargau for 10.0 | 12.48 %
Proton Therapy
Other 18.1 | 22.60 %
Total 80.1 100 %
* Including personnel costs. Total personnel costs of CHF 201.2

million corresponded to 62.68% of total expenditure.

Table 1: PSI finances in 2009.

Employment

Atthe end 0f 2009, employment at PSl corresponded to 1300
full-time equivalent staff positions, of which 463 were occu-
pied by scientists, not including the 185 PhD students em-
ployed bythe Institute. Afurther749 positions were occupied
by technicians and engineers, a relatively large number, re-
flecting the importance of technical staff for the successful

General Energy
14%

Solid-State Research
and Materials Science
38%

Nuclear Energy
18%

Particle
Physics
13%

Life Sciences
17%

Figure 1: Total budget distribution for 2009 across PSI Depart-
ments. Research facilities allocated to the various departments.

operation of a large laboratory with its variety of scientific
facilities. 91 positions were held by administrative staff. Of
the total staff, 23.1% were women and 42 % were non-Swiss
citizens.

Education

For the Paul Scherrer Institute, education is a central task.
More than 300 graduate students from the ETH and other
universities were working at PSl fortheir degree. Meanwhile,
80 young people were undergoing vocational training in 13
different professions. In addition, PSI offered courses in ra-
diation protection and reactortechnologyforinternal staffas
well as external groups.

The school lab iLAB provides pupils from secondary schools
with the opportunity to perform a variety of physics experi-
ments and thus obtain an impression of scientific research.
In 2009, iLAB hosted 105 such classes.
PSlscientistsarealso active as educators outside the Institute,
with more than 80 of them giving courses at universities and
universities of applied sciences.



PSI Scientific Report 2009

Facts and figures

User Service

In 2009, PSI kept its position as an attractive User Lab for
scientists from all over the world. More than 2100 users vis-
ited the Institute and performed more than 1700 experiments
atthe39 beamlinesavailable atthe large-scale facilities. The
high demand is reflected in the overbooking that occurred,
with an average value of morethan 2. However, forthe protein
crystallography beamline PXI, overbooking reached 8.7. The
overall number of peer-reviewed publications based on re-
search at PSI’s large-scale facilities reached a new high, with
330 publications for SLS, 119 for SINQ and 79 for SuS. The
User Service at the PSI large-scale facilities also makes an
important contribution to the education of future generations
of scientists. This is reflected in the large number of young
scientists among the users.

User lab 2009

SLS SINQ SuS |Particle| PSI (2008)

physics| total

No.of beam- 15 13 6 5 39 (40)
lines/
instruments
No. of 1053 488 188 5 1734 | (1658)
experiments
No. of 3145 789 342 250 4526 | (3954)
user visits
No. of 1518 406 148 150 2168 | (2334)
individual
users

Table 2: PSl user service in numbers.

Research Commission

The Research Commission of the Paul Scherrer Institute ad-
vises the Directorate on decisions related to the scientific
research carried out at the Institute. It evaluates proposed
new projects and applications for financial support from ex-
ternalagencies, assesses ongoing projects and helps define
appropriate new research topics for the Institute. The Com-
mission consists of 13 staff from the various departments of
PSI. Once ortwice a year, meetings of the Strategic Research
Commission are held, which, in addition to the members of
thelInternal Research Commission, alsoincludes 11scientists
of high scientific standing from Switzerland and abroad. This
Commission’s main task is to advise the Directorate on the
development of long-term research programmes and to
evaluate the quality of past and planned research activities.

61-701.7%

51-604.8%
71-800.4%

41-5016.4%

31-40 35.4% 30 and younger

41.3%

Undergraduate
students

Senior Scientists 7%

37%

PhD students

Post Docs 33%

23%

Figure 2: Age distribution (upper chart) and career status (lower
chart) of users at SINQ, SLS and SpuS in 2009. Most users at PSl's
large-scale facilities are young people at the beginning of their
scientific careers.
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Commission and committees

Research Commission

External Members

Prof. Dr. @. Fischer, President Department of Condensed Matter, University of Geneva, CH
Prof. Dr. G. Aeppli London Centre for Nanotechnology, University College, London, UK
Prof. Dr. F. Carré CEA, Gif-sur-Yvette, FR

Prof. Dr. H.H. Coenen Institute for Nuclear Chemistry, Forschungszentrum Jiilich, DE
Prof. Dr. R.W. Falcone ALS, Lawrence Berkeley National Laboratory, Berkeley, USA
Prof. Dr. R. Klanner Institute for Experimental Physics, University of Hamburg, DE
Prof. Dr.S. Larsen Dept. of Chemistry, University of Copenhagen, DK

Prof. Dr. E. K. M. Leppévuori VTT Technical Research Centre of Finland, Fl

Prof. Dr. T. Mason Oak Ridge National Laboratory, USA

Prof. Dr. ). Rossbach Institute for Experimental Physics, University of Hamburg, DE
Prof. Dr. Th. Sattelmayer Chair of Thermodynamics, TU Miinchen, Garching, DE
Internal Members

Prof. Dr. R. Horisberger, President  Research with Neutrons and Muons (NUM)

Dr. M. Ammann Biology and Chemistry (BIO)

Dr. B. Delley Research with Neutrons and Muons (NUM)

Dr. R. Eichler Biology and Chemistry (BIO)

Dr. l. Mantzaras General Energy (ENE)

Dr. W. Pfingsten Nuclear Energy and Safety (NES)

Dr.T. Schietinger Large Research Facilities (GFA)

Dr. C. Schulze-Briese Synchrotron Radiation and Nanotechnology (SYN)
Dr. M Steinmetz Biology and Chemistry (BIO)

Dr. U. Staub Synchrotron Radiation and Nanotechnology (SYN)
Prof. Dr. H. Van Swygenhoven Research with Neutrons and Muons (NUM)

Dr. F. Vogel General Energy (ENE)

Dr. P. Hasler, Secretary Biology and Chemistry (BIO)

Permanant Guest

Prof. Dr. N. Spencer Department of Materials, ETH Zurich, CH
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Research Committees

Synchrotron Radiation SYN
Scientific Advisory Committee (SAC)

Prof. Dr. G. Materlik, Chair
Diamond Light Source, Didcot, UK

Prof. Dr. T. Baer
University of North Carolina,
Chapel Hill, USA

Prof. Dr. H. Brune
EPFL, Lausanne, CH

Prof. Dr. R. Claessen
University of Wiirzburg, DE
Prof. Dr. K. Diederichs
University of Konstanz, DE

Prof. Dr. ). Evans
University of Southampton, UK

Dr. ). Feldhaus
DESY, Hamburg, DE

Prof. Dr. ). Hastings
Stanford Linear Accelerator Center,
Menlo Park, CA, USA

Prof. Dr. C.-C. Kao,
Brookhaven National Lab, USA

Dr. P. Lagarde
Synchrotron Soleil, Gif-sur-Yvette, FR

Prof. Dr. G. Margaritondo
EPFL, Lausanne, CH

Prof. Dr. F. Parmigiani

Free Electron Laser project-
FERMI@ElettraTrieste, IT

Prof. Dr. E. Riihl
Freie Universitat Berlin, DE

Prof. Dr. L. Schlapbach
Swiss National Science Foundation SNSF,
Bern, CH

Prof. Dr. P. Schurtenberger
University of Fribourg, CH

Research with Neutrons and Muons NUM
SINQ Scientific Committee

Prof. Dr. A. T. Boothroyd, Chairman
University of Oxford, UK

Dr. M. Balasko
KFKI Atomic Energy Research Inst.,
Budapest, HU

Prof. Dr. Ch. Bernhard
University of Fribourg, CH
Dr.Th. . Biicherl

TU Miinchen, DE

Prof. Dr. R. G. M. Caciuffo

Institute for Transuranium Elements,
Karlsruhe, DE

Prof. Dr. ). K. G. Dhont
Forschungszentrum Jiilich, DE

Prof. Dr. ).-L. Garcia-Munoz
Inst. de Ciencia de Materials
de Barcelona-CSIC, ES

Dr. K. Kramer
University of Bern, CH

Prof. Dr.S. L. Lee
University of St. Andrews, UK

Prof. Dr. M. Miiller
GKSS, Geesthacht, DE

Prof. Dr. B. Schonfeld
ETH Zurich, CH

PD Dr. A. Stradner
University of Fribourg, CH

Prof. Dr. W. Treimer
Beuth Hochschule fiir Technik Berlin, DE

Muon Spin Spectroscopy

Prof. Dr. H. Keller, President
University of Zurich, CH

Prof. Dr. E. Bauer
Vienna University of Technology, AT

Prof. Dr.S. ). Blundell
University of Oxford, UK

Prof. Dr.J.M.S. Campos Gil
University of Coimbra, PT

Prof. Dr. K. Chow
Univ. Alberta, CDN

Prof. Dr. R. De Renzi
University of Parma, IT

Prof. Dr. A. De Visser
University of Amsterdam, NL

Prof. Dr. Ph. Mendels
Univ. Paris XI, FR

Prof. Dr. D. Pavuna
EPFL, Lausanne, CH

Prof. Dr. ].-M. Triscone
University of Geneva, CH

Particle Physics atthe Ring Cyclotron

Dr. C. Hoffman, President
LAMPF, Los Alamos, USA

Prof. Dr. A. B. Blondel
University of Geneva, CH

Dr. D. Bryman
TRIUMF, Vancouver, CDN

Dr. P. Cenci
I.N.F.N. sez. di Perugia, IT

Prof. Dr. G. Colangelo
University of Bern, CH

Prof. Dr. B. Filippone
California Institute of Technology, USA

Prof. Dr. St. Paul
TU Miinchen, DE

Prof. Dr. M. Pendlebury
University of Sussex, UK

Prof. Dr. M. Pohl
University of Geneva, CH

Prof. Dr. M. Ramsey-Musolf
University of Wisconsin-Madison, USA

Dr. R. Rosenfelder, committee secretary
PSI, CH

Prof. Dr. U. Straumann
University of Zurich, CH

Life Sciences BIO

Prof. Dr. D. Neri, President
ETH Zurich, CH

Prof. Dr. M. Griitter
University of Zurich, CH

Prof. Dr. Ch. W. Miller
EMBL, Heidelberg, DE

Prof. Dr. P. Nordlund
Karolinska Institutet, Stockholm, SE

Prof. Dr. S. Werner
ETH Zurich, CH

Nuclear Energy and Safety NES

Dr. Ch. McCombie, President
Gipf-Oberfrick, CH

Prof. Dr. M. Giot
Université Catholique de Louvin, BE

P. Hirt
Atel, Olten, CH

Dr. P. Miazza
Nuclear Power Plant Miihleberg, CH

Prof. Dr. K. L. Peddicord

Texas A&M University, College Station, USA

Dr.U. Schmoker
ENSI, Brugg, CH

Dr.).-B.Thomas
CEA-Saclay, Gif-sur-Yvette, FR

Prof. Dr.S. Virtanen
University of Erlangen-Niirnberg, DE

Dr. P. Zuidema
Nagra, Wettingen, CH

General Energy ENE

Prof. Dr. T. Peter, President
ETH Zurich, CH

Prof. Dr. G.-L. Bona
Empa, Diibendorf, CH

Dr.T. Kaiser
ALSTOM (Schweiz), Baden, CH

Prof. Dr. H. Miiller-Steinhagen
DLR, Stuttgart, DE

Prof. Dr. Ph. R. von Rohr
ETH Zurich, CH

Prof. Dr. A. Voss
University of Stuttgart, DE

Dr.R. Schmitz
Swiss Federal Office of Energy, Berne, CH



Organizational Structure

Research Commission
Prof. Dr. Roland Horisberger

Director:
Prof. Dr. Joél Mesot

Human Resources
Ursula Schmid

Large-Scale Project SwissFEL

Dr. Hans-Heinrich Braun/Dr. Rafael Abela

Members of the board of directors:

Safety

Martin Jermann, Head of Staff*

Competence Center for Energy
and Mobility (CCEM-CH)

Operating Director: Dr. Philipp Dietrich

Dr. Kurt N. Clausen

Prof. Dr. J. Friso van der Veen*
Prof. Dr. Alexander Wokaun*
Dr. Jean-Marc Cavedon

Prof. Dr. Gebhard Schertler

Center for Proton Therapy
Prof. Dr. Eugen Hug

Prof. Dr. Leonid Rivkin
Dr. Peter Allenspach

Dr. Roger Andres

Communications
Dagmar Baroke

Technology Transfer
Robert Rudolph

Research Department

Research with
Neutrons and Muons (NUM)

Dr. Kurt N. Clausen

Particle Physics

Neutron Scattering

Spallation Neutron Source Division
Muon Spin Spectroscopy
Development and Methods

Prof. Dr. Klaus Kirch

Prof. Dr. Andrey Zheludev
Dr. Werner Wagner

Prof. Dr. Elvezio Morenzoni
Dr. Michel Kenzelmann

Research Department

Synchrotron Radiation and
Nanotechnology (SYN)

Prof. Dr. J. Friso van der Veen

Macromolecules and Bioimaging
Condensed Matter
Micro- and Nanotechnology

Dr. Clemens Schulze-Briese
Dr. Christoph Quitmann

Prof. Dr. Jens Gobrecht
— Energy and

Environment

Research Department
General Energy (ENE)
Prof. Dr. Alexander Wokaun

Bioenergy and Catalysis
Solar Technology
Combustion Research
Electrochemistry
Atmospheric Chemistry

Prof. Dr.

Dr. Oliver Krocher — Jeroen van Bokhoven

Prof. Dr. Aldo Steinfeld

Dr. Peter Jansohn

Dr. Gunther Scherer

Prof. Dr. Urs Baltensperger Energy Systems

Analysis

Research Department
Nuclear Energy and Safety (NES)
Dr. Jean-Marc Cavedon

Reactor Physics and Systems Behaviour
Thermal Hydraulics

Hot Laboratory

Waste Management

Nuclear Materials

Martin Zimmermann a.i.
Prof. Dr. Horst-Michael Prasser

|| Dr. Stefan Hirschberg

Dr. Didier Gavillet
Dr. Michael Bradbury
Hans-Peter Seifert a.i.

Research Department
Biology and Chemistry (BIO)
Prof. Dr. Gebhard Schertler

Center for Radiopharmaceutical Sciences
Biomolecular Research

Radiochemistry and
Environmental Chemistry

Prof. Dr. August Schubiger
Prof. Dr. Gebhard Schertler i.P.

Prof. Dr. Andreas Turler

Department
Large Research Facilities (GFA)
Prof. Dr. Leonid Rivkin

Accelerator/Concepts and Development
Accelerator/Operation and Development

Technical Support, Co-ordination
and Operation

Dr. Terence Garvey
Dr. Mike Seidel

Jurgen Duppich

Department
Logistics (LOG)
Dr. Peter Allenspach

Finance and Administrative Services
Buildings and Services

Infrastructure and Electrical Engineering
Mechanical Engineering Sciences
Information Technology

Radiation Safety and Security
Communications

Karlheinz Falk
Lilian Jakob

Max Huser

Dr. Urs Ellenberger
Dr. Stephan Egli
Christian Wernli
Dagmar Baroke

* Executive Committee / Deputy Directors




Publications

Where to find what

On CD and online

The publication lists for all PSI departments can be found on the CD
version of this report, which can be ordered at www.psi.ch (Media/
Info Material) or by phone +41(0)56 310 21 11.

The listsinclude the following:
e Peer-reviewed publications
e |nvited talks

e Dissertations

e Conference Proceedings

e lectures

Also included on the CD is the Annual Report (Jahresbericht) in German.

Linksto otherresearch notfeatured here can be found on ourwebsite:
www.psi.ch (Research at PSI).




LIST OF PUBLICATIONS 2009

Center for Proton Therapy

Ares C., Khan S., Macartain A.M., Heuberger J., Goitein G., Gruber G., Lutters G., Hug E.B., Bodis
S., Lomax A.J. Postoperative Proton Radiotherapy for Localized and Locoregional Breast Cancer:
Potential for Clinically Relevant Improvements? Int J Radiat Oncol Biol Phys. 2009 Jul 15. [Epub
ahead of print]

Mumot M., Algranati C., Hartmann M., Schippers J.M., Hug E.B, Lomax A.J.
Proton range verification using a range probe:Definition of concept and initial analysis
under submission to PMB

Rutz H.P., Staab A., Lomax A.J., Ares C., Timmermann B., Weber D.C., Bolsi A., Negreanu C.,
Hug E.B., Goitein G. Spot Scanning Proton Radiation Therapy for Extra-cranial Chordomas: Five-
year Outcomes in Patients Treated at PSI. Int J Radiat Oncol Biol Phys 2008:72(S1): S504-S505.

Rutz H.P., Weber D.C., Goitein G., Ares C., Bolsi A., Lomax A.J., Pedroni E., Coray A., Hug E.B.,
Timmermann B. Postoperative spot-scanning proton radiation therapy for chordoma and
chondrosarcoma in children and adolescents: initial experience at Paul Scherrer Institute. Int J
Radiat Oncol Biol Phys. 2008 May 1;71(1):220-5.

Peer reviewed papers

van de Water S., Kreuger R., Zenklusen S., Hug E.B., Lomax A.J. Tumor tracking with scanned
proton beams: assessing the accuracy and practicalities. Phys.Med.Biol. 54 (2009) 6549-6563

Proceedings and conference abstracts

Albertini F., Lomax A.J., Hug E.B.
The influence of starting conditions on the robustness of intensity modulated proton therapy plans.
PTCOG , Heidelberg, September-October, 2009

Albertini F., Lomax A.J., Hug E.B. Intensity Modulated Proton Therapy (IMPT): influence of starting
conditions on the optimized dose distribution. 4™ International Conference on Translational
Research in Radiation Oncology, Geneva, March 2009

Algranati C., Mumot M., Lin S., Hartmann M., Grossmann M., Schippers J. M., Hug E., Lomax A.
Proton range verification using a range probe:Definition of concept, initial analysis and
measurements. Poster 136, PTCOG 48, Heidelberg

Ares C., Khan S., McArtain A., Heuberger J., Gruber G., Lutters G., Hug E.B., Bodis S., Lomax
A.J. Postoperative Proton Radiotherapy in Loco-Regional Breast Cancer: Potential for Clinically
Relevant Improvements? 4™ International Conference on Translational Research in Radiation
Oncology, Geneva, March 2009

Comi S., Bolsi A., Hug E.B., Lomax A.J.
The dosimetric effect of residual positioning errors on spot scanned proton therapy. SASROXII,
Baden, March 2009

Frenzel N., Hug E.B., Lomax A.J., Staab A., Sartori A., Pruschy M.
Differential DNA Repair Mechanisms in Response to Proton and Photon Irradiation. PTCOG ,
Heidelberg, September-October, 2009



Hug E.B., Lomax A.J., Ares C., Timmermann B., Rutz H.P., Schneider R., Pedroni E., Goitein G.
Clinical Results of Spot Scanning Based Proton Radiotherapy: Experience at the Paul Scherrer
Institute since 1996. ASTRO 2009, Chicago.

Krayenbuehl J., Kunz G., Hartmann M., Hug E.B., Lomax A.J., Ciernik |.F.
Evaluation of air cavities after extrapleural pleuropneumectomy in mesothelioma patient during
IMRT or PT. SASROXII, Baden, March 2009.

Mumot M., Algranati C., Hartmann M., Schippers J.M., Hug E.B., Lomax A.J.
Proton range verifications using a range probe: Definition of concept and initial analysi. SASROXII,
Baden, March 2009

Mumot M., Algranati C., Hartmann M., Schippers J.M., Hug E.B., Lomax A.J.
Proton range verification using a range probe: Definition of concept and initial analysis and
measurements. PTCOG48 , Heidelberg, September-October, 2009

Pedrazzi L., Salk J., Hartmann M., Hug E.B., Lomax A.J.
How well can the proton dose behind metal implants be calculated based on CT data alone?
SASROXII, Baden, March 2009

Pehlivan B., Ares C., Stadelmann O., Lomax A.J., Hug E.B. Temporal lobe damage following
active scanning proton radiation therapy for skull base tumors. Eur J Cancer 2009; 7( 2):S154-
S155

Rutz H.P., Staab A., Timmermann B., Ares C., Lomax A.J., Goitein G., Hug E.B.
Spot-scanning proton radiation therapy for extra-cranial chordoma. PTCOGA48, Heidelberg,
September-October, 2009

Staab A., Rutz H.P., Goitein G., Timmermann B., Ares C., Schneider R., Lomax A.J., Hug. E.B.
Spot-Scanning Proton Radiation Therapy for Extra-Cranial Chondrosarcoma. PTCOGA48,
Heidelberg, September-October, 2009

Staab A., Rutz H.P., Lomax A.J., Timmermann B., Schneider R., Ares C., Algranati C., Goitein G.,
Hug E.B. Extra-Cranial Chordoma treated with Spot-Scanning Proton Radiation Therapy: Possible
correlation between surgical stabilization, quality of DVH's and clinical outcome. PTCOGA48,
Heidelberg, September-October, 2009

Staab A., Frenzel N., Coray A., Lomax A.J., Schneider R., Pruschy M., Hug E.B.

Effectiveness of protons in human prostate cell lines: the genetic background possibly determines
the RBE in the Spread-out-bragg-peak compared to Plateau region. PTCOG48 , Heidelberg,
September-October, 2009

van de Water T., Lomax A.J., Bijl H.P., Schilstra C., Hug E.B., Langendijk J.A.

Sparing the salivary glands with scanned protons in head and neck radiotherapy: Benefits of 6-
field Intensity Modulated Proton Therapy (IMPT) as compared to 3-field IMPT. PTCOG,
Heidelberg, September-October, 2009

Verwey J., Heufelder J., Assenmacher F., van Goethem M.-J., Tourovsky A., Grossmann M.,
Lomax A.J., Goitein G., Jermann M., Zografos L., Hug E.B.OPTIS2: a new treatment facility at PSI
25 years after introducing ocular proton therapy in Europe —project challenges and comparison
with OPTIS. PTCOG48, Heidelberg, September-October, 2009

Widesott L., Albertini F., Lomax A.J., Hug E.B., Pierelli A., Fiorino C., Schneider R.
Impact of bowel cavity variation on IMPT prostate plans. SASROXII, Baden, March 2009.



Invited Presentations/Talks

Hug E. B.
Role of Tumor Boards in Oncologic Care
13. Alpbacher Seminar fir Radio-Onkologie. Alpbach/Tirol, Austria, February 11 — 14, 2009.

Hug E. B.
Seminar for Swiss Radiation Oncology Residents, Swiss society for Radio-oncology, Bern, 6™
March 2009.

Hug E. B.
Proton Radiotherapy (PT) at Paul Scherrer Institute: the first year of continous clinical operation
SASRO 2009, Baden, March 19, 2009

Hug E. B.
Neue Therapien — das Beispiel der Protonentherapie bei Kindern
Seminar, CE-lecture, Swiss Cancer League, Bern, March 17, 2009

Hug E. B.
Hadronentherapy — Bedeutung fiir den Patienten )
Enquete des Niederdsterreichischen Landtages. St. Polten, Osterreich, September 3, 2009

Hug E. B.
Interdisziplindres Symposium Neuroonkologie Kantonsspital Aarau (invited Talk).
September 10, 2009.

Lomax A.J..
Image Guided Proton Therapy: The next big thing in radiotherapy?
Invited seminar, Christie hospital, Manchester, December 22, 2009

Lomax A.J., Bolsi A., Albertini F., Negreanu C.
This is not an apple
Invited seminar, University Hospital Zurich, December 16, 2009

Lomax A.J., Bolsi A., Albertini F., Negreanu C.
This is not an apple
Science for Humanity Symposium, PSI, November 13, 2009

Lomax A.J.
Intensity Modulated Proton Therapy: The future of particle therapy
Elekta user meeting, ASTRO, Chicago, 2009

Lomax A.J.
IMPT and plan robustness
PTCOG , Heidelberg, October 3, 2009

Lomax A.J.
Treatment planning for scanned proton beams and IMPT
PTCOG teaching course, Heidelberg, September 29, 2009

Lomax A.J.
Clinical aspects of proton therapy
Invited seminar, Addenbrookes Hospital Canbridge, Sepember 15, 2009



Lomax A.J.
The principles and promise of scanned proton beam therapy
Royal College of Radiologists Annual Clinical Oncology meeting, London, September 14, 2009

Lomax A.J.
Principles, possibilities and challenges with scanned proton therapy
10" Bienneal ESTRO conference, Maastricht, August 2009

Lomax A.J.
Proton and light ion therapy
Mayneord-Phillips Summer School, Oxford, July 8, 2009

Lomax A.J.
Future directions and current challenges of proton therapy
BIR presidents conference, London, May 19, 2009

Lomax A.J.

Imaging and new technology developments in charged particle therapy

Invited workshop presentation, 100™ American Association of Cancer Research (AACR), Denver,
April 18, 2009

Lomax A.J., Salk J.
Dosimetry and QA for proton radiotherapy
Invited Seminar, University of Pennsylvania, April 1, 2009

Lomax A.J.
Treatment planning for scanned proton beams
Invited workshop presentation, University of Pennsylvania Proton training meeting, March 30, 2009

Lomax A.J., Albertini F., Negreanu C., Comi S., Bolsi A.

Intensity Modulated Proton Therapy and its sensitivity to treatment uncertainties

Invited workshop presentation, 4™ International Conference on Translational Research in Radiation
Oncology, Geneva, March 11, 2009

Pedroni E.
Initial commissioning of the beamline of the new Gantry 2 of PSI
SASRO 2009, Baden, March 19, 2009

Pedroni E.

Gantry design and experience at PSI

Workshop on Hadron Beam Therapy of Cancer

Ettore Majorana Foundation and Centre for Scientific Culture, Erice, April 26, 2009

Pedroni E.

Summary of the session on delivery systems and gantries

Workshop on Hadron Beam Therapy of Cancer Ettore Majorana Foundation and Centre for
Scientific Culture, Erice, May 1, 2009

Pedroni E.
The second generation scanning proton gantry at PSI
PTCOG 48, Heidelberg. October 1, 2009
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Synchrotron Radiation and Nanotechnology SYN

UNIVERSITY LEVEL AND OTHER TEACHING

M. Bednarzik, J. Gobrecht, V. Guzenko, C. Padeste, H. Schift, A. Weber

Micro- and Nanofabrication

Blockkurs (Praktikum) for University of Basel, 1 week, Villigen PSI, 07-11.09.2009
(Masterstudiengang)

C. David

X-Ray Optics — Coherence — Phase Contrast

HERCULES Specialised Courses: Synchrotron Radiation Contribution to Nanoscience
Grenoble, France, 18.05.2009

Y. Ekinci
Micro- and Nanostructuctured Metallic Systems
Summer Semester 2009, Department of Materials, ETH Zurich

A. Fraile Rodriguez

Imaging Magnetic Nanostructures using soft x-ray spectromicroscopy

PSI Summer school, Practical Training at the Paul Scherrer Institut, Villigen, Switzerland,
08-10.08.2009

J. Gobrecht, H. Schift
Nanotechnologie fiir Ingenieure
Fachhochschule Nordwestschweiz (FHNW), Windisch, HS 2009/10 (Bachelorstudiengang)

J. Gobrecht, H. Schift

Applied Micro- and Nanotechnology - Etching techniques, nanoimprint, hot embossing, injection
moulding, self-assembly

Zircher Fachhochschule flir Angewandte Wissenschaften (ZHAW), Zirich, HS 2008/09
(Masterstudiengang MSE Studium)

L.J. Heyderman

Two Dimensional Magnetic Nanostructures

Seminar, PSI Summer School on Condensed Matter Research (Functional Materials), Zuoz,
Switzerland, 01-07.08.2009

M. Janousch
An Introduction to XAS and its applications
XLIV Zakpoane School of Physics, Zakopane, Poland, 18-23.05.2009

M. Janousch
X-ray absortion spectroscopy
8" PSI Summer School on Condensed Matter Research, Zuoz, Switzerland, 01-07.08.2009

T. Jung

Oberflédchenphysik

Universitaet Basel, Studiengange Physik und Nanowissenschaften,
Vorlesung mit Uebungen HS2009

T. Jung
Rastertunnelmikroskopie an Supramolekularen Strukturen im Ultrahochvakkuum
Blockkurs (Praktikum) for University of Basel, 2 x 2 Wochen, Nanolab der Uni Basel

T. Jung
Oberfldchenphysik, auch mit Synchrotronstrahlen
Blockkurs (Praktikum) for University of Basel, 3 x 2 Wochen, Villigen PSI

F. Marone

The TOMCAT instrument

International Training School on Advanced Radiography Methods in Wood Research, PSI,
Villigen, Switzerland, 18.11.2009



F Meier
Ubungen Physik 1
Universitat Zirich, Switzerland, 14.09-19.12.2009

F. Nolting

Imaging Magnetic Nanostructures using soft x-ray spectromicroscopy

PSI Summer school, Practical Training at the Paul Scherrer Institut, Villigen, Switzerland,
08-10.08.2009

C. Padeste
Fabrication of nanostructures and protein patterns for biological applications
4™ International Summer School on Advanced Biotechnology, Basel, Switzerland 30.8.-3.9.2009

B. Patterson, H. Sigg, H. Weyer
Synchrotron Praktikum
SLS, PSI, Switzerland 17-21.08.2009

C. Schulze-Briese
Crystallography Course
by C. Giacovazzo, jointly organised with Fabia Gozzo, 01.04-12.05.2009

C. Schulze-Briese
EMBL BioSAXS
Course at PSI, Villigen, Switzerland, 02.07-09.12.2009

M. Stampanoni, P. Schneider
Micro and Nano-Tomography of Biological Tissues
ETHZ-Lecture: 227-0965-00L

M. Stampanoni, P. Bdsiger, K. Prissmann, J. Voroés, M. Rudin
Research Topics in Biomedical Engineering
ETHZ-Lecture: 227-0970-00L

M. Stampanoni et al.
CIMST Interdisciplinary Summer School on Bio-Medical Imaging
ETHZ-Lecture: 551-1316-00L

J.F. van der Veen,
Materials research using synchrotron radiation
Masters course ETH Zirich, HS 2009

P. Willmott
An Introduction to Laser Physics and Laser Spectroscopy
Sommersemester 2009, Physical Chemistry, University of Zurich

P. Willmott
An Introduction to Synchrotron Radiation: Techniques and Applications
Herbstsemester 2009, Physical Chemistry, University of Zirich

PUBLICATIONS WITH SYN AUTHOR(S) AND DESCRIBING AN SLS
EXPERIMENT

Agostini G, Lamberti C, Palin L, Milanesio M, Danilina N, Xu B, Janousch M, van Bokhoven JA
In Situ XAS and XRPD Parametric Rietveld Refinement To Understand Dealumination of Y
Zeolite Catalyst

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 132, 667 (2009)

Alayon EMC, Singh J, Nachtegaal M, Harfouche M, van Bokhoven JA

On highly active partially oxidized platinum in carbon monoxide oxidation over supported
platinum catalysts

JOURNAL OF CATALYSIS 263, 228 (2009)

Altomare A, Belviso BD, Burla MC, Campi G, Cuocci C, Giacovazzo C, Gozzo F, Moliterni A,
Polidori G, Rizzi R

Multiple-wavelength anomalous dispersion techniques applied to powder data: a probabilistic
method for finding the substructure via joint probability distribution functions

JOURNAL OF APPLIED CRYSTALLOGRAPHY 42, 30 (2009)



Altomare A, Burla MC, Cuocci C, Giacovazzo C, Gozzo F, Moliterni A, Polidori G, Rizzi R
MAD techniques applied to powder data: finding the structure given the substructure
ACTA CRYSTALLOGRAPHICA SECTION A 65, 291 (2009)

Andreasson BP, Janousch M, Staub U, Meijer Gl

Spatial distribution of oxygen vacancies in Cr-doped SrTiO3 during an electric-field-driven
insulator-to-metal transition

APPLIED PHYSICS LETTERS 94, 013513 (2009)

Andreasson BP, Janousch M, Staub U, Todorova T, Delley B, Meijer Gl, Pomjakushina E
Detecting oxygen vacancies in SrTiO3 by 3d transition-metal tracer ions
PHYSICAL REVIEW B 80, 212103 (2009)

Andreasson P, Janousch M, Staub U, Meijer |, Ramar A, Krbanjevic J, Schaeublin R
Origin of oxygen vacancies in resistive switching memory devices
JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012074 (2009)

Auzelyte V, Dais C, Farquet P, Grutzmacher D, Heyderman LJ, Luo F, Olliges S, Padeste C,
Sahoo PK, Thomson T, Turchanin A, David C, Solak HH

Extreme ultraviolet interference lithography at the Paul Scherrer Institut

JOURNAL OF MICRO-NANOLITHOGRAPHY MEMS AND MOEMS 8, 021204 (2009)

Auzelyte V, Langner A, Solak HH
Thermal development of a calixarene resist
JOURNAL OF VACUUM SCIENCE & TECHNOLOGY B 27, 2990 (2009)

Beaud P, Johnson SL, Vorobeva E, Staub U, De Souza RA, Milne CJ, Jia QX, Ingold G
Ultrafast Structural Phase Transition Driven by Photoinduced Melting of Charge and Orbital
Order

PHYSICAL REVIEW LETTERS 103, 155702 (2009)

Bechtel HA, Martin MC, May TE, Lerch P
Improved spatial resolution for reflection mode infrared microscopy
REVIEW OF SCIENTIFIC INSTRUMENTS 80, 126106 (2009)

Becker J, Fluckiger R, Reum M, Buchi FN, Marone F, Stampanoni M

Determination of Material Properties of Gas Diffusion Layers: Experiments and Simulations
Using Phase Contrast Tomographic Microscopy

JOURNAL OF THE ELECTROCHEMICAL SOCIETY 156, B1175 (2009)

Bellusci A, Ghedini M, Giorgini L, Gozzo F, Szerb El, Crispini A, Pucci D

Anion dependent mesomorphism in coordination networks based on 2,2 "-bipyridine silver(l)
complexes

DALTON TRANSACTIONS 36, 7381 (2009)

Bergamaschi A, Cervellino A, Dinapoli R, Gozzo F, Henrich B, Johnson |, Kraft P, Mozzanica A,
Schmitt B, Shi X

Photon counting microstrip detector for time resolved powder diffraction experiments

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 604,
136 (2009)

Bodi A, Johnson M, Gerber T, Gengeliczki Z, Sztaray B, Baer T
Imaging photoelectron photoion coincidence spectroscopy with velocity focusing electron optics
REVIEW OF SCIENTIFIC INSTRUMENTS 80, 034101 (2009)

Bodi A, Shuman NS, Baer T

On the ionization and dissociative photoionization of iodomethane: a definitive experimental
enthalpy of formation of CH3I

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 11, 11013 (2009)

Boero G, Rusponi S, Bencok P, Meckenstock R, Thiele JU, Nolting F, Gambardella P
Double-resonant x-ray and microwave absorption: Atomic spectroscopy of precessional orbital
and spin dynamics

PHYSICAL REVIEW B 79, 224425 (2009)



Boero G, Rusponi S, Kavich J, Rizzini AL, Piamonteze C, Nolting F, Tieg C, Thiele JU,
Gambardella P

Longitudinal detection of ferromagnetic resonance using x-ray transmission measurements
REVIEW OF SCIENTIFIC INSTRUMENTS 80, 123902 (2009)

Bosak A, Hoesch M, Krisch M, Chernyshov D, Pattison P, Schulze-Briese C, Winkler B, Milman
V, Refson K, Antonangeli D, Farber D

3D Imaging of the Fermi Surface by Thermal Diffuse Scattering

PHYSICAL REVIEW LETTERS 103, 076403 (2009)

Boulle O, Heyne L, Rhensius J, Klaui M, Rudiger U, Joly L, Le Guyader L, Nolting F,
Heyderman LJ, Malinowski G, Swagten HJM, Koopmans B, Ulysse C, Faini G

Reversible switching between bidomain states by injection of current pulses in a magnetic wire
with out-of-plane magnetization

JOURNAL OF APPLIED PHYSICS 105, 07C106 (2009)

Braun A, Ovalle A, Pomjakushin V, Cervellino A, Erat S, C Stolte W, Graule T

Yttrium and hydrogen superstructure and correlation of lattice expansion and proton conductivity
in the BaZr0.9Y0.102.95 proton conductor

APPLIED PHYSICS LETTERS 95, 22 (2009)

Bressler C, Milne C, Pham VT, EINahhas A, van der Veen RM, Gawelda W, Johnson S, Beaud
P, Grolimund D, Kaiser M, Borca CN, Ingold G, Abela R, Chergui M

Femtosecond XANES Study of the Light-Induced Spin Crossover Dynamics in an Iron(ll)
Complex

SCIENCE 323, 489 (2009)

Brugger T, Gunther S, Wang B, Dil JH, Bocquet ML, Osterwalder J, Wintterlin J, Greber T
Comparison of electronic structure and template function of single-layer graphene and a
hexagonal boron nitride nanomesh on Ru(0001)

PHYSICAL REVIEW B 79, 045407 (2009)

Bukowiecki N, Richard A, Furger M, Weingartner E, Aguirre M, Huthwelker T, Lienemann P,
Gehrig R, Baltensperger U

Deposition Uniformity and Particle Size Distribution of Ambient Aerosol Collected with a
Rotating Drum Impactor

AEROSOL SCIENCE AND TECHNOLOGY 43, 891 (2009)

Bunk O, Bech M, Jensen T, Feidenhans| R, Binderup T, Menzel A, Pfeiffer F
Multimodal x-ray scatter imaging
NEW JOURNAL OF PHYSICS 11, 123016 (2009)

Buonsanti R, Snoeck E, Giannini C, Gozzo F, Garcia-Hernandez M, Garcia MA, Cingolani R,
Cozzoli PD

Colloidal semiconductor/magnetic heterostructures based on iron-oxide-functionalized brookite
TiO2 nanorods

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 11, 3680 (2009)

Claesson T, Mansson M, OEnsten A, Shi M, Sassa Y, Pailhes S, Chang J, Bendounan A,
Patthey L, Mesot J, Muro T, Matsushita T, Kinoshita T, Nakamura T, Momono N, Oda M, Ido M,
Tjernberg O

Electronic structure of La1.48Nd0.4Sr0.12CuQ4 probed by high-and low-energy angle-resolved
photoelectron spectroscopy

PHYSICAL REVIEW B 80, 094503 (2009)

Coulibaly F, Chiu E, Gutmann S, Rajendran C, Haebel PW, lkeda K, Mori H, Ward VK, Schulze-
Briese C, Metcalf P

The atomic structure of baculovirus polyhedra reveals the independent emergence of infectious
crystals in DNA and RNA viruses

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 22205 (2009)

Dais C, Mussler G, Sigg H, Mueller E, Solak HH, Grutzmacher D
Evolution and stability of ordered SiGe islands grown on patterned Si(100) substrates
JOURNAL OF APPLIED PHYSICS 105, 122405 (2009)



Degueldre C, Kuri G, Borca CN, Grolimund D

X-ray micro- fluorescence, diffraction and absorption spectroscopy for local structure
investigation of a radioactive zinc ferrite deposit

CORROSION SCIENCE 51, 1690 (2009)

Deyhle H, Bunk O, Buser S, Krastl G, Zitzmann NU, ligenstein B, Beckmann F, Pfeiffer F,
Weiger R, Mueller B

Bio-inspired dental fillings

PROCEEDINGS OF THE SPIE - THE INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING 7401, 74010E (2009)

Dil JH
Spin and angle resolved photoemission on non-magnetic low-dimensional systems
JOURNAL OF PHYSICS-CONDENSED MATTER 21, 403001 (2009)

Djerdj I, Cao MH, Rocquefelte X, Cerny R, Jaglicic Z, Arcon D, Potocnik A, Gozzo F,
Niederberger M

Structural Characterization of a Nanocrystalline Inorganic-Organic Hybrid with Fiberlike
Morphology and One-Dimensional Antiferromagnetic Properties

CHEMISTRY OF MATERIALS 21, 3356 (2009)

Eckermann F, Suter T, Uggowitzer PJ, Afseth A, Stampanoni M, Marone F, Schmutz P

In Situ Microtomographically Monitored and Electrochemically Controlled Corrosion Initiation
and Propagation in AIMgSi Alloy AA6016

JOURNAL OF THE ELECTROCHEMICAL SOCIETY 156, C1 (2009)

Farges F, Meibom A, Flank A-M, Lagarde P, Janousch M, Stolarski J
Speciation of Mg in biogenic calcium carbonates
JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012175 (2009)

Ferreira ESB, Boon JJ, van der Horst J, Scherrer NC, Marone F, Stampanoni M

3D Synchrotron x-ray microtomography of paint samples

PROCEEDINGS OF THE SPIE - THE INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING 7931, 7931L (2009)

Flechsig U, Jaggi A, Spielmann S, Padmore HA, MacDowell AA

The optics beamline at the Swiss Light Source

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 609,
281 (2009)

Flury B, Frommer J, Eggenberger U, Mader U, Nachtegaal M, Kretzschmar R

Assessment of Long-Term Performance and Chromate Reduction Mechanisms in a Field Scale
Permeable Reactive Barrier

ENVIRONMENTAL SCIENCE & TECHNOLOGY 43, 6786 (2009)

Froideval A, Abolhassani S, Gavillet D, Grolimund D, Borca C, Krbanjevic J, Degueldre C
Microprobe analysis of neutron irradiated and autoclaved zirconium niobium claddings using
synchrotron-based hard X-ray imaging and spectroscopy

JOURNAL OF NUCLEAR MATERIALS 385, 346 (2009)

Froideval A, Samaras M, Iglesias R, Pouchon MA, Chen JC, Grolimund D, Raabe J, Schuppler
S, Victoria M, Hoffelner W

Application of Synchrotron Radiation Techniques for Model Validation of Advanced Structural
Materials

ADVANCED ENGINEERING MATERIALS 11, 459 (2009)

Fromherz T, Stangl J, Lechner RT, Wintersberger E, Bauer G, Holy V, Dais C, Muller E, Sigg H,
Solak HH, Grutzmacher D

3D SiGe QUANTUM DOT CRYSTALS: STRUCTURAL CHARACTERIZATION AND
ELECTRONIC COUPLING

INTERNATIONAL JOURNAL OF MODERN PHYSICS B 23, 2836 (2009)

Frommer J, Nachtegaal M, Czekaj |, Weng TC, Kretzschmar R

X-ray Absorption and Emission Spectroscopy of Cr-Ill (Hydr)Oxides: Analysis of the K-Pre-Edge
Region

JOURNAL OF PHYSICAL CHEMISTRY A 113, 12171 (2009)



Garcia-Fernandez M, Staub U, Bodenthin Y, Scagnoli V, Pomjakushin V, Lovesey SW, Mirone
A, Herrero-Martin J, Piamonteze C, Pomjakushina E

Orbital Order at Mn and O Sites and Absence of Zener Polaron Formation in Manganites
PHYSICAL REVIEW LETTERS 103, 097205 (2009)

Gawelda W, Pham VT, van der Veen RM, Grolimund D, Abela R, Chergui M, Bressler C
Structural analysis of ultrafast extended x-ray absorption fine structure with subpicometer spatial
resolution: Application to spin crossover complexes

JOURNAL OF CHEMICAL PHYSICS 130, 124520 (2009)

Ghiringhelli G, Piazzalunga A, Dallera C, Schmitt T, Strocov VN, Schlappa J, Patthey L, Wang
X, Berger H, Grioni M

Observation of Two Nondispersive Magnetic Excitations in NiO by Resonant Inelastic Soft-X-
Ray Scattering

PHYSICAL REVIEW LETTERS 102, 027401 (2009)

Ghiringhelli G, Piazzalunga A, Wang X, Bendounan A, Berger H, Bottegoni F, Christensen N,
Dallera C, Grioni M, Grivel JC, Sala MM, Patthey L, Schlappa J, Schmitt T, Strocov V,
Braicovich L

Crystal field and low energy excitations measured by high resolution RIXS at the L-3 edge of
Cu, Ni and Mn

EUROPEAN PHYSICAL JOURNAL-SPECIAL TOPICS 169, 199 (2009)

Giewekemeyer K, Thibault P, Kalbfleisch S, Beerlink A, Kewish CM, Dierolf M, Pfeiffer F, Salditt
T

Quantitative biological imaging by ptychographic x-ray diffraction microscopy

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 107, 529 (2009)

Graf C, Hofmann A, Ackermann T, Boeglin C, Viswanatha R, Peng XG, Rodriguez AF, Nolting
F, Ruhl E

Magnetic and Structural Investigation of ZnSe Semiconductor Nanoparticles Doped With
Isolated and Core-Concentrated Mn2+ lons

ADVANCED FUNCTIONAL MATERIALS 19, 2501 (2009)

Grolimund D, Gunther D, Borca CN, Van Loon L, Stampanoni M, Marone F, Barmettler K,
Aeschlimann B, Wersin P, Heald SM

Contaminant transport in complex heterogeneous geological media: New insights through
micro-imaging and micro-spectroscopy

GEOCHIMICA ET COSMOCHIMICA ACTA 73, A468 (2009)

Grunwaldt JD, Beier M, Kimmerle B, Baiker A, Nachtegaal M, Griesebock B, Lutzenkirchen-
Hecht D, Stotzeld J, Frahm R

Structural changes of noble metal catalysts during ignition and extinction of the partial oxidation
of methane studied by advanced QEXAFS techniques

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 11, 8779 (2009)

Grunwaldt JD, Kimmerle B, Baiker A, Boye P, Schroer CG, Glatzel P, Borca CN, Beckmann F
Catalysts at work: From integral to spatially resolved X-ray absorption spectroscopy
CATALYSIS TODAY 145, 267 (2009)

Haberthuer D, Semmler-Behnke M, Takenaka S, Kreyling WG, Stampanoni M, Tsuda A,
Schittny JC

Multimodal imaging for the detection of sub-micron particles in the gas-exchange region of the
mammalian lung

JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012040 (2009)

Hase M, Donni A, Pomjakushin VY, Keller L, Gozzo F, Cervellino A, Kohno M

Magnetic structure of Cu2CdB206 exhibiting a quantum-mechanical magnetization plateau and
classical antiferromagnetic long-range order

PHYSICAL REVIEW B 80, 104405 (2009)

Henrich B, Bergamaschi A, Broennimann C, Dinapoli R, Eikenberry EF, Johnson |, Kobas M,
Kraft P, Mozzanica A, Schmitt B

PILATUS: A single photon counting pixel detector for X-ray applications

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 607,
247 (2009)



Heyne L, Rhensius J, Cho YJ, Bedau D, Krzyk S, Dette C, Korner HS, Fischer J, Laufenberg M,
Backes D, Heyderman LJ, Joly L, Nolting F, Tatara G, Kohno H, Seo S, Rudiger U, Klaui M
Geometry-dependent scaling of critical current densities for current-induced domain wall motion
and transformations

PHYSICAL REVIEW B 80, 184405 (2009)

Hintermueller C, S Coats J, Obenaus A, Nelson G, Krucker T, Stampanoni M
3D quantification of brain microvessels exposed to heavy particle radiation
JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012087 (2009)

Hoesch M, Petrov VN, Muntwiler M, Hengsberger M, Lobo Checa J, Greber T, Osterwalder J
Two- and three-dimensional band structure of ultrathin Ni on Cu(001)
PHYSICAL REVIEW B 79, 155404 (2009)

Hofmann A, Cui XY, Schafer J, Meyer S, Hopfner P, Blumenstein C, Paul M, Patthey L,
Rotenberg E, Bunemann J, Gebhard F, Ohm T, Weber W, Claessen R

Renormalization of Bulk Magnetic Electron States at High Binding Energies

PHYSICAL REVIEW LETTERS 102, 187204 (2009)

Holy V, Stangl J, Fromherz T, Lechner RT, Wintersberger E, Bauer G, Dais C, Muller E,
Grutzmacher D

X-ray diffraction investigation of a three-dimensional Si/SiGe quantum dot crystal

PHYSICAL REVIEW B 79, 035324 (2009)

Hsieh D, Xia Y, Qian D, Wray L, Dil JH, Meier F, Osterwalder J, Patthey L, Checkelsky JG, Ong
NP, Fedorov AV, Lin H, Bansil A, Grauer D, Hor YS, Cava RJ, Hasan MZ

A tunable topological insulator in the spin helical Dirac transport regime

NATURE 460, 1101 (2009)

Hsieh D, Xia Y, Wray L, Qian D, Pal A, Dil JH, Osterwalder J, Meier F, Bihimayer G, Kane CL,
Hor YS, Cava RJ, Hasan MZ

Observation of Unconventional Quantum Spin Textures in Topological Insulators

SCIENCE 323, 919 (2009)

Johnson |, Sadygov Z, Bunk O, Menzel A, Pfeiffer F, Renker D
A Geiger-mode avalanche photodiode array for X-ray photon correlation spectroscopy
JOURNAL OF SYNCHROTRON RADIATION 16, 105 (2009)

Johnson M, Bodi A, Schulz L, Gerber T

Vacuum ultraviolet beamline at the Swiss Light Source for chemical dynamics studies
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT A 610,
597 (2009)

Johnson SL, Beaud P, Vorobeva E, Milne CJ, Murray ED, Fahy S, Ingold G
Directly Observing Squeezed Phonon States with Femtosecond X-Ray Diffraction
PHYSICAL REVIEW LETTERS 102, 175503 (2009)

Johnson SL, Vorobeva E, Beaud P, Milne CJ, Ingold G
Full Reconstruction of a Crystal Unit Cell Structure during Coherent Femtosecond Motion
PHYSICAL REVIEW LETTERS 103, 205501 (2009)

Joly L, Nolting F, Kimel AV, Kirilyuk A, Pisarev RV, Rasing T
Spin-reorientation in the heterostructure Co/SmFeQ3
JOURNAL OF PHYSICS-CONDENSED MATTER 21, 446004 (2009)

Kamenos NA, Cusack M, Huthwelker T, Lagarde P, Scheibling RE
Mag-lattice associations in red coralline algae
GEOCHIMICA ET COSMOCHIMICA ACTA 73, 1901 (2009)

Kappenberger P, Luo F, Heyderman LJ, Solak HH, Padeste C, Brombacher C, Makarov D,
Ashworth TV, Philippe L, Hug HJ, Albrecht M

Template-directed self-assembled magnetic nanostructures for probe recording

APPLIED PHYSICS LETTERS 95, 023116 (2009)

Kleimenov E, Bergamaschi A, van Bokhoven JA, Janousch M, Schmitt B, Nachtegaal M
High- resolution hard-X-ray &#64258;uorescence spectrometer
JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012035 (2009)



Kondo T, Khasanov R, Sassa Y, Bendounan A, Pailhes S, Chang J, Mesot J, Keller H, Zhigadlo
ND, Shi M, Bukowski Z, Karpinski J, Kaminski A

Anomalous asymmetry in the Fermi surface of the high-temperature superconductor
YBa2Cu408 revealed by angle-resolved photoemission spectroscopy

PHYSICAL REVIEW B 80, 100505 (2009)

Kordyuk AA, Borisenko SV, Zabolotnyy VB, Schuster R, Inosov DS, Evtushinsky DV,
Plyushchay Al, Follath R, Varykhalov A, Patthey L, Berger H

Nonmonotonic pseudogap in high-T-c cuprates

PHYSICAL REVIEW B 79, 020504 (2009)

Kraft P, Bergamaschi A, Broennimann C, Dinapoli R, Eikenberry EF, Henrich B, Johnson I,
Mozzanica A, Schleputz CM, Willmott PR, Schmitt B

Performance of single-photon-counting PILATUS detector modules

JOURNAL OF SYNCHROTRON RADIATION 16, 368 (2009)

Kraft P, Bergamaschi A, Bronnimann C, Dinapoli R, Eikenberry EF, Graafsma H, Henrich B,
Johnson |, Kobas M, Mozzanica A, Schleputz CA, Schmitt B

Characterization and Calibration of PILATUS Detectors

IEEE TRANSACTIONS ON NUCLEAR SCIENCE 56, 758 (2009)

Liu C, Kondo T, Ni N, Palczewski AD, Bostwick A, Samolyuk GD, Khasanov R, Shi M,
Rotenberg E, Bud'ko SL, Canfield PC, Kaminski A

Three- to Two-Dimensional Transition of the Electronic Structure in CaFe2As2: A Parent
Compound for an Iron Arsenic High-Temperature Superconductor

PHYSICAL REVIEW LETTERS 102, 167004 (2009)

Lobo-Checa J, Matena M, Muller K, Dil JH, Meier F, Gade LH, Jung TA, Stohr M

Band Formation from Coupled Quantum Dots Formed by a Nanoporous Network on a Copper
Surface

SCIENCE 325, 300 (2009)

Maass R, Van Petegem S, Borca CN, Van Swygenhoven H

In situ Laue diffraction of metallic micropillars

MATERIALS SCIENCE AND ENGINEERING A-STRUCTURAL MATERIALS PROPERTIES
MICROSTRUCTURE AND PROCESSING 524, 40 (2009)

Maass R, Van Petegem S, Ma DC, Zimmermann J, Grolimund D, Roters F, Van Swygenhoven
H, Raabe D

Smaller is stronger: The effect of strain hardening

ACTA MATERIALIA 57, 5996 (2009)

Maljuk A, Tsurkan V, Zestrea V, Zaharko O, Cervellino A, Loidl A, Argyriou DN
Floating-zone growth of large high-quality CoAl204 single crystals
JOURNAL OF CRYSTAL GROWTH 311, 3997 (2009)

Mannes D, Marone F, Lehmann E, Stampanoni M, Niemz P
Application areas of synchrotron radiation tomographic microscopy for wood research
WOOD SCIENCE AND TECHNOLOGY DOI 10.1007/, s00226-009-0257-2 (2009)

Mannini M, Pineider F, Sainctavit P, Joly L, Fraile-Rodriguez A, Arrio MA, Moulin CCD,
Wernsdorfer W, Cornia A, Gotteschi D, Sessoli R

X-Ray Magnetic Circular Dichroism Picks out Single-Molecule Magnets Suitable for
Nanodevices

ADVANCED MATERIALS 21, 167 (2009)

Mariager SO, Lauridsen SL, Dohn A, Bovet N, Sorensen CB, Schleputz CM, Willmott PR,
Feidenhans'l R

High-resolution three-dimensional reciprocal-space mapping of InAs nanowires

JOURNAL OF APPLIED CRYSTALLOGRAPHY 42, 369 (2009)

Mariager SO, Schleputz CM, Aagesen M, Sorensen CB, Johnson E, Willmott PR, Feidenhans'l
R

High-resolution three-dimensional reciprocal space mapping of semiconductor nanostructures
PHYSICA STATUS SOLIDI A-APPLICATIONS AND MATERIALS SCIENCE 206, 1771 (2009)

Marone F, Hintermueller C, Mcdonald S, Abela R, Mikuljan G, Isenegger A, Stampanoni M
X-ray Tomographic Microscopy at TOMCAT
JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012042 (2009)



McDonald SA, Marone F, Hintermuller C, Mikuljan G, David C, Pfeiffer F, Stampanoni M
Advanced phase-contrast imaging using a grating interferometer
JOURNAL OF SYNCHROTRON RADIATION 16, 562 (2009)

Mcdonald SA, Marone F, Hintermueller C, Bensadoun J-C, Aebischer P, Stampanoni M
High-throughput, high-resolution X-ray phase contrast tomographic microscopy for visualisation
of soft tissue

JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012043 (2009)

Meents A, Reime B, Kaiser M, Wang XY, Abela R, Weckert E, Schulze-Briese C
A fast X-ray chopper for single-bunch extraction at synchrotron sources
JOURNAL OF APPLIED CRYSTALLOGRAPHY 42, 901 (2009)

Meier F, Dil H, Lobo-Checa J, Patthey L, Osterwalder J

Quantitative vectorial spin analysis in angle-resolved photoemission: Bi/Ag(111) and Pb/Ag(111)
(vol B 77, 165431, 2008)

PHYSICAL REVIEW B 79, 089902 (2009)

Meier F, Dil JH, Osterwalder J
Measuring spin polarization vectors in angle-resolved photoemission spectroscopy
NEW JOURNAL OF PHYSICS 11, 125008 (2009)

Meier F, Petrov V, Guerrero S, Mudry C, Patthey L, Osterwalder J, Dil JH
Unconventional Fermi surface spin textures in the BixPb1-x/Ag(111) surface alloy
PHYSICAL REVIEW B 79, 241408 (2009)

Mengotti E, Heyderman LJ, Bisig A, Rodriguez AF, Le Guyader L, Nolting F, Braun HB
Dipolar energy states in clusters of perpendicular magnetic nanoislands
JOURNAL OF APPLIED PHYSICS 105, 113113 (2009)

Menzel A, Dierolf M, Kewish CM, Thibault P, Jefimovs K, David C, Bech M, H Jensen T,
Feidenhans’l R, Heegaard AM, Hansen R, Berthing T, Martinez K, A Als-Nielsen J, Kapishnikov
S, Leiserowitz L, Pfeiffer F, Bunk O

Advanced methods in scanning X-ray microscopy

PROCEEDINGS OF THE SPIE - THE INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING 7378, 902 (2009)

Mijovilovich A, Pettersson LGM, Mangold S, Janousch M, Susini J, Salome M, de Groot FMF,
Weckhuysen BM

The Interpretation of Sulfur K-Edge XANES Spectra: A Case Study on Thiophenic and Aliphatic
Sulfur Compounds

JOURNAL OF PHYSICAL CHEMISTRY A 113, 2750 (2009)

Mills NJ, Stampfli R, Marone F, Bruhwiler PA
Finite element micromechanics model of impact compression of closed-cell polymer foams
INTERNATIONAL JOURNAL OF SOLIDS AND STRUCTURES 46, 677 (2009)

Milne CJ, Pham VT, Gawelda W, van der Veen RM, El Nahhas A, Johnson SL, Beaud P, Ingold
G, Lima F, Vithanage DAC, Benfatto M, Grolimund D, Borca C, Kaiser M, Hauser A, Abela R,
Bressler C, Chergui M

Time-resolved x-ray absorption spectroscopy: Watching atoms dance

JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012052 (2009)

Monney C, Cercellier H, Clerc F, Battaglia C, Schwier EF, Didiot C, Garnier MG, Beck H, Aebi
P, Berger H, Forro L, Patthey L

Spontaneous exciton condensation in 1T-TiSe2: BCS-like approach

PHYSICAL REVIEW B 79, 045116 (2009)

Moore TA, Klaui M, Heyne L, Mohrke P, Backes D, Rhensius J, Rudiger U, Heyderman LJ,
Thiele JU, Woltersdorf G, Back CH, Rodriguez AF, Nolting F, Mentes TO, Nino MA, Locatelli A,
Potenza A, Marchetto H, Cavill S, Dhesi SS

Scaling of spin relaxation and angular momentum dissipation in permalloy nanowires
PHYSICAL REVIEW B 80, 132403 (2009)

Morf P, Ballav N, Nolting F, von Wrochem F, Nothofer HG, Yasuda A, Wessels JM, Jung TA
Use of Gel-Assembly to Fabricate Multi-Component Molecular Gradient Layers and the
Investigation of Structure and Electron Transport Therein

CHEMPHYSCHEM 10, 2212 (2009)



10

Mozzanica A, Bergamaschi A, Dinapoli R, Gozzo F, Henrich B, Kraft P, Patterson B, Schmitt B
Mythenll: A 128 channel single photon counting readout chip

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 607,
250 (2009)

Mulders AM, Lawrence SM, Staub U, Garcia-Fernandez M, Scagnoli V, Mazzoli C,
Pomjakushina E, Conder K, Wang Y

Direct Observation of Charge Order and an Orbital Glass State in Multiferroic LuFe204
PHYSICAL REVIEW LETTERS 103, 077602 (2009)

Munch B, Trtik P, Marone F, Stampanoni M
Stripe and ring artifact removal with combined wavelet - Fourier filtering
OPTICS EXPRESS 17, 8567 (2009)

Niederwanger V, Gozzo F, Griesser UJ

Characterization of Four Crystal Polymorphs and a Monohydrate of S-Bupivacaine
Hydrochloride (Levobupivacaine Hydrochloride)

JOURNAL OF PHARMACEUTICAL SCIENCES 98, 1064 (2009)

Nogues J, Stepanow S, Bollero A, Sort J, Dieny B, Nolting F, Gambardella P

Simultaneous in-plane and out-of-plane exchange bias using a single antiferromagnetic layer
resolved by x-ray magnetic circular dichroism

APPLIED PHYSICS LETTERS 95, 152515 (2009)

Nygard K, Satapathy DK, Buitenhuis J, Perret E, Bunk O, David C, van der Veen JF
Confinement-induced orientational alignment of quasi-2D fluids
EPL 86, 66001 (2009)

Nygard K, Satapathy DK, Bunk O, Perret E, Buitenhuis J, David C, van der Veen JF
Grating-based holographic X-ray diffraction: theory and application to confined fluids
JOURNAL OF APPLIED CRYSTALLOGRAPHY 42, 1129 (2009)

Olieric V, Rieder U, Lang K, Serganov A, Schulze-Briese C, Micura R, Dumas P, Ennifar E
A fast selenium derivatization strategy for crystallization and phasing of RNA structures
RNA-A PUBLICATION OF THE RNA SOCIETY 15, 707 (2009)

Olliges S, Frank S, Gruber PA, Auzelyte V, Kunze K, Solak HH, Spolenak R
Thermomechanical properties of gold nanowires supported on a flexible substrate
SCRIPTA MATERIALIA 60, 273 (2009)

Owen RL, Holton JM, Schulze-Briese C, Garman EF

Comments on Determination of X-ray flux using silicon pin diodes by R. L. Owen et al. (2009). J.
Synchrotron Rad. 16, 143-151 Response

JOURNAL OF SYNCHROTRON RADIATION 16, 691 (2009)

Owen RL, Holton JM, Schulze-Briese C, Garman EF
Determination of X-ray flux using silicon pin diodes
JOURNAL OF SYNCHROTRON RADIATION 16, 143 (2009)

Owen RL, Pearson AR, Meents A, Boehler P, Thominet V, Schulze-Briese C

A new on-axis multimode spectrometer for the macromolecular crystallography beamlines of the
Swiss Light Source

JOURNAL OF SYNCHROTRON RADIATION 16, 173 (2009)

Papagno M, Rodriguez AF, Girit CO, Meyer JC, Zettl A, Pacile D
Polarization-dependent C K near-edge X-ray absorption fine-structure of graphene
CHEMICAL PHYSICS LETTERS 475, 269 (2009)

Perez-Huerta A, Cusack M, McDonald S, Marone F, Stampanoni M, MacKay S
Brachiopod punctae: A complexity in shell biomineralisation
JOURNAL OF STRUCTURAL BIOLOGY 167, 62 (2009)

Perret E, Nygard K, Satapathy DK, Balmer TE, Bunk O, Heuberger M, van der Veen JF

X-ray reflectivity reveals equilibrium density profile of molecular liquid under nanometre
confinement

EPL 88, 36004 (2009)



11

Podgorczyk M, Kwiatek WM, Grolimund D, Borca C
Technical aspects of Zn microanalysis of human prostate cancer tissues and cells
RADIATION PHYSICS AND CHEMISTRY 78, S53 (2009)

Podgorczyk M, Kwiatek WM, Zajac WM, Dulinska-Litewka J, Welter E, Grolimund D
Zinc in native tissues and cultured cell lines of human prostate studied by SR-XRF and XANES
X-RAY SPECTROMETRY 38, 557 (2009)

Pouchon MA, Chen J, Froideval A, Janousch M, Degueldre C
Irradiation effects in helium implanted silicon carbide measured by X-ray absorption

spectrometry
JOURNAL OF NUCLEAR MATERIALS 385, 299 (2009)

Rasch JCE, Boehm M, Ritter C, Mutka H, Schefer J, Keller L, Abramova GM, Cervellino A,
Loeffler JF

Magnetoelastic coupling in the triangular lattice antiferromagnet CuCrS2

PHYSICAL REVIEW B 80, 104431 (2009)

Rasch JCE, Sheptyakov DV, Schefer J, Keller L, Boehm M, Gozzo F, Volkov NV, Sablina KA,
Petrakovskii GA, Grimmer H, Conder K, Loffler JF

Structural properties of Pb3Mn7015 determined from high-resolution synchrotron powder
diffraction

JOURNAL OF SOLID STATE CHEMISTRY 182, 1188 (2009)

Reichold J, Stampanoni M, Keller AL, Buck A, Jenny P, Weber B
Cerebral blood flow simulation using a vascular graph model
JOURNAL OF CEREBRAL BLOOD FLOW AND METABOLISM 29, S115 (2009)

Reichold J, Stampanoni M, Keller AL, Buck A, Jenny P, Weber B
Vascular graph model to simulate the cerebral blood flow in realistic vascular networks
JOURNAL OF CEREBRAL BLOOD FLOW AND METABOLISM 29, 1429 (2009)

Rouff AA, Rabe S, Nachtegaal M, Vogel F

X-ray Absorption Fine Structure Study of the Effect of Protonation on Disorder and Multiple
Scattering in Phosphate Solutions and Solids

JOURNAL OF PHYSICAL CHEMISTRY A 113, 6895 (2009)

Ruffieux P, Ait-Mansour K, Bendounan A, Fasel R, Patthey L, Gréning P, Gréning O
Mapping the Electronic Surface Potential of Nanostructured Surfaces
PHYSICAL REVIEW LETTERS 102, 086807 (2009)

Russo S, Schweitzer JE, Polen T, Bott M, Pohl E

Crystal Structure of the Caseinolytic Protease Gene Regulator, a Transcriptional Activator in
Actinomycetes

JOURNAL OF BIOLOGICAL CHEMISTRY 284, 5208 (2009)

Sahoo PK, Vogelsang K, Schift H, Solak HH

Surface plasmon resonance in near-field coupled gold cylinder arrays fabricated by EUV-
interference lithography and hot embossing

APPLIED SURFACE SCIENCE 256, 431 (2009)

Sarkar SS, Sahoo PK, Solak HH, David C, van der Veen JF
Fresnel zone plates made by holography in the extreme ultraviolet re- gion
JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012017 (2009)

Satapathy DK, Nygard K, Bunk O, Jefimovs K, Perret E, Diaz A, Pfeiffer F, David C, van der
Veen JF

Buckling and layering transitions in confined colloids

EPL 87, 34001 (2009)

Scheybal A, Muller K, Bertschinger R, Wahl M, Bendounan A, Aebi P, Jung TA
Modification of the Cu(110) Shockley surface state by an adsorbed pentacene monolayer
PHYSICAL REVIEW B 79, 115406 (2009)

Schift H, Spreu C, Saidani M, Bednarzik M, Gobrecht J, Klukowska A, Reuther F, Gruetzner G,
H Solak H

Transparent hybrid polymer stamp copies with sub-50 nm resolution for thermal and UV-
nanoimprint lithography

JOURNAL OF VACUUM SCIENCE & TECHNOLOGY B 27(6), 2846 (2009)



12

Schlappa J, Schmitt T, Vernay F, Strocov VN, llakovac V, Thielemann B, Ronnow HM, Vanishri
S, Piazzalunga A, Wang X, Braicovich L, Ghiringhelli G, Marin C, Mesot J, Delley B, Patthey L
Collective Magnetic Excitations in the Spin Ladder Sr;4Cu,,0O4; Measured Using High-
Resolution Resonant Inelastic X-Ray Scattering

PHYSICAL REVIEW LETTERS 103, 047401 (2009)

Schmidt MU, Bruhne S, Wolf AK, Rech A, Bruning J, Alig E, Fink L, Buchsbaum C, Glinnemann
J, van de Streek J, Gozzo F, Brunelli M, Stowasser F, Gorelik T, Mugnaioli E, Kolb U

Electron diffraction, X-ray powder diffraction and pair-distribution-function analyses to determine
the crystal structure of Pigment Yellow 213, C23H21N509

ACTA CRYSTALLOGRAPHICA SECTION B-STRUCTURAL SCIENCE 65, 189 (2009)

Schneider P, Krucker T, Meyer E, Ulmann-Schuler A, Weber B, Stampanoni M, Muller R
Simultaneous 3D Visualization and Quantification of Murine Bone and Bone Vasculature Using
Micro-Computed Tomography and Vascular Replica

MICROSCOPY RESEARCH AND TECHNIQUE 72, 690 (2009)

Schneider P, Voide R, Stampanoni M, Muller R

Post-processing technique for improved assessment of hard tissues in the submicrometer
domain using local synchrotron radiation-based computed tomography

BIOMEDIZINISCHE TECHNIK 54, 48 (2009)

Scott AC, Galtier J, Gostling NJ, Smith SY, Collinson ME, Stampanoni M, Marone F, Donoghue
PCJ, Bengtson S

Scanning Electron Microscopy and Synchrotron Radiation X-Ray Tomographic Microscopy of
330 Million Year Old Charcoalified Seed Fern Fertile Organs

MICROSCOPY AND MICROANALYSIS 15, 166 (2009)

Shi M, Bendounan A, Razzoli E, Rosenkranz S, Norman MR, Campuzano JC, Chang J,
Mansson M, Sassa Y, Claesson T, Tjernberg O, Patthey L, Momono N, Oda M, Ido M, Guerrero
S, Mudry C, Mesot J

Spectroscopic evidence for preformed Cooper pairs in the pseudogap phase of cuprates

EPL 88, 27008 (2009)

Smith SY, Collinson ME, Rudall PJ, Simpson DA, Marone F, Stampanoni M

Virtual taphonomy using synchrotron tomographic microscopy reveals cryptic features and
internal structure of modern and fossil plants

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 12013 (2009)

Smith SY, Collinson ME, Simpson DA, Rudall PJ, Marone F, Stampanoni M

Elucidating the affinities and habitat of ancient, widespread Cyperaceae: Volkeria messelensis
gen. et sp. nov., a fossil mapanioid sedge from the Eocene of Europe

AMERICAN JOURNAL OF BOTANY 96, 1506 (2009)

Sobott BA, Broennimann C, Eikenberry EF, Dinapoli R, Kraft P, Taylor GN, Willmott PR,
Schleputz CM, Rassool RP

Synchrotron radiation hardness studies of PILATUS Il

JOURNAL OF SYNCHROTRON RADIATION 16, 489 (2009)

Stampanoni M, Marone F, Mikuljan G, Jefimovs K, Trtik P, Vila-Comamala J, David C, Abela R
Broadband X-ray full field microscopy at a superbend
JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012018 (2009)

Staub U, Bodenthin Y, Piamonteze C, Garcia-Fernandez M, Scagnoli V, Garganourakis M,
Koohpayeh S, Fort D, Lovesey SW

Parity- and time-odd atomic multipoles in magnetoelectric GaFeO3 as seen via soft x-ray Bragg
diffraction

PHYSICAL REVIEW B 80, 140410 (2009)

Staub U, Garcia-Fernandez M, Bodenthin Y, Scagnoli V, De Souza RA, Garganourakis M,
Pomjakushina E, Conder K

Orbital and magnetic ordering in Pr1-xCaxMnO3 and Nd1-xSrxMnO3 manganites near half
doping studied by resonant soft x-ray powder diffraction

PHYSICAL REVIEW B 79, 224419 (2009)



13

Stoetzel J, Luetzenkirchen-Hecht D, Frahm R, Kimmerle B, Baiker A, Nachtegaal M, Beier M J,
Grunwaldt J-D

Investigation of the ignition behaviour of the noble metal catalyzed catalytic partial oxidation of
methane

JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012162 (2009)

Stoetzel J, Luetzenkirchen-Hecht D, Frahm R, Kimmerle B, Baiker A, Nachtegaal M, Beier M J,
Grunwaldt J-D

Reduction and re-oxidation of Cu/Al203 catalysts investigated with quick-scanning XANES and
EXAFS

JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012153 (2009)

Struis RPWJ, Schildhauer TJ, Czekaj |, Janousch M, Biollaz SMA, Ludwig C
Sulphur poisoning of Ni catalysts in the SNG production from biomass: A TPO/XPS/XAS study
APPLIED CATALYSIS A-GENERAL 362, 121 (2009)

Thibault P, Dierolf M, Bunk O, Menzel A, Pfeiffer F
Probe retrieval in ptychographic coherent diffractive imaging
ULTRAMICROSCOPY 109, 338 (2009)

Thibault P, Dierolf M, Kewish CM, Menzel A, Bunk O, Pfeiffer F
Contrast mechanisms in scanning transmission x-ray microscopy
PHYSICAL REVIEW A 80, 043813 (2009)

Thilly L, Van Petegem S, Renault PO, Lecouturier F, Vidal V, Schmitt B, Van Swygenhoven H

A new criterion for elasto-plastic transition in nanomaterials: Application to size and composite
effects on Cu-Nb nanocomposite wires

ACTA MATERIALIA 57, 3157 (2009)

Treier M, Ruffieux P, Fasel R, Nolting F, Yang SF, Dunsch L, Greber T

Looking inside an endohedral fullerene: Inter- and intramolecular ordering of DysN@Cgo(ly) on
Cu(111)

PHYSICAL REVIEW B 80, 081403 (2009)

Tsujino S, le Pimpec F, Raabe J, Buess M, Dehler M, Kirk E, Gobrecht J, Wrulich A

Static and optical field enhancement in metallic nanotips studied by two-photon photoemission
microscopy and spectroscopy excited by picosecond laser pulses

APPLIED PHYSICS LETTERS 94, 093508 (2009)

Tzvetkov G, Fernandes P, Wenzel S, Fery A, Paradossi G, Fink RH

Soft X-ray induced modifications of PVA-based microbubbles in aqueous environment: a
microspectroscopy study

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 11, 1098 (2009)

Ulrich C, J P Ament L, Ghiringhelli G, Braicovich L, Moretti Sala M, Pezzotta N, Schmitt T,
Khaliullin G, van den Brink J, Roth H, Lorenz T, Keimer B

Momentum Dependence of Orbital Excitations in Mott-Insulating Titanates

PHYSICAL REVIEW LETTERS 103, 107205 (2009)

van der Veen RM, Bressler C, Milne CJ, Pham V-T, El Nahhas A, Lima FA, Gawelda W, Borca
CN, Abela R, Chergui M

Retrieving photochemically active structures by time-resolved EXAFS spectroscopy

JOURNAL OF PHYSICS: CONFERENCE SERIES 190, 012054 (2009)

van der Veen RM, Milne CJ, El Nahhas A, Lima FA, Pham VT, Best J, Weinstein JA, Borca CN,
Abela R, Bressler C, Chergui M

Structural Determination of a Photochemically Active Diplatinum Molecule by Time-Resolved
EXAFS Spectroscopy

ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 48, 2711 (2009)

Van Petegem S, Brandstetter S, Maass R, Hodge AM, El-Dasher BS, Biener J, Schmitt B,
Borca C, Van Swygenhoven H

On the Microstructure of Nanoporous Gold: An X-ray Diffraction Study

NANO LETTERS 9, 1158 (2009)

Van Petegem S, Brandstetter S, Schmitt B, Van Swygenhoven H
Creep in nanocrystalline Ni during X-ray diffraction
SCRIPTA MATERIALIA 60, 297 (2009)



14

Vernooij MGC, Mohr M, Tzvetkov G, Zelenay V, Huthwelker T, Kaegi R, Gehrig R, Grobety B
On Source Identification and Alteration of Single Diesel and Wood Smoke Soot Particles in the
Atmosphere; An X-Ray Microspectroscopy Study

ENVIRONMENTAL SCIENCE & TECHNOLOGY 43, 5339 (2009)

Vila-Comamala J, Jefimovs K, Pilvi T, Ritala M, Sarkar SS, Solak HH, Guzenko VA, Stampanoni
M, Marone F, Raabe J, Tzvetkov G, Fink RH, Grolimund D, Borca CN, Kaulich B, David C
Advanced X-ray diffractive optics

JOURNAL OF PHYSICS: CONFERENCE SERIES 186, 012078 (2009)

Vila-Comamala J, Jefimovs K, Raabe J, Pilvi T, Fink RH, Senoner M, Maassdorf A, Ritala M,
David C

Advanced thin film technology for ultrahigh resolution X-ray microscopy

ULTRAMICROSCOPY 109, 1360 (2009)

Voide R, Schneider P, Stauber M, Wyss R, Stampanoni M, Sennhauser U, van Lenthe GH,
Muller R

Time-lapsed assessment of microcrack initiation and propagation in murine cortical bone at
submicrometer resolution

BONE 45, 164 (2009)

Vorobeva E, Johnson SL, Beaud P, Milne CJ, Benfatto M, Ingold G
Local structural changes in excited Ti3+:Al203 studied by time-resolved XANES
PHYSICAL REVIEW B 80, 134301 (2009)

Vyalikh DV, Danzenbacher S, Kucherenko Y, Krellner C, Geibel C, Laubschat C, Shi M, Patthey
L, Follath R, Molodtsov SL

Tuning the Hybridization at the Surface of a Heavy-Fermion System

PHYSICAL REVIEW LETTERS 103, 137601 (2009)

Wagner A, Diez J, Schulze-Briese C, Schluckebier G
Crystal structure of Ultralente-A microcrystalline insulin suspension
PROTEINS-STRUCTURE FUNCTION AND BIOINFORMATICS 74, 1018 (2009)

Wells JW, Dil JH, Meier F, Lobo-Checa J, Petrov VN, Osterwalder J, Ugeda MM, Fernandez-
Torrente |, Pascual JI, Rienks EDL, Jensen MF, Hofmann P

Nondegenerate Metallic States on Bi(114): A One-Dimensional Topological Metal

PHYSICAL REVIEW LETTERS 102, 096802 (2009)

Westermeier F, Autenrieth T, Gutt C, Leupold O, Duri A, Menzel A, Johnson |, Broennimann C,
Grubel G

Fast two-dimensional detection for X-ray photon correlation spectroscopy using the PILATUS
detector

JOURNAL OF SYNCHROTRON RADIATION 16, 687 (2009)

Wu MS, Wang MT, Nix J, Hryshko LV, Zheng L

Crystal Structure of CBD2 from the Drosophila Na+/Ca2+ Exchanger: Diversity of Ca2+
Regulation and Its Alternative Splicing Modification

JOURNAL OF MOLECULAR BIOLOGY 387, 104 (2009)

Yang L, Hill M, Wang M, Panjikar S, Stoeckigt J

Structural Basis and  Enzymatic Mechanism of the Biosynthesis of C9- from C10-
Monoterpenoid Indole Alkaloids

ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 48, 5211 (2009)

Zhou KJ, Tezuka Y, Cui MQ, Zhao J, Liu XC, Chen ZZ, Wu ZY
The mechanism of Al donor defects in (Zn, Co)O:.Al: a view from resonant x-ray spectroscopies
JOURNAL OF PHYSICS-CONDENSED MATTER 21, 495502 (2009)

PUBLICATIONS WITHOUT SYN AUTHOR(S) AND DESCRIBING AN SLS
EXPERIMENT

Aldag C, Gromov IA, Garcia-Rubio I, von Koenig K, Schlichting I, Jaun B, Hilvert D

Probing the role of the proximal heme ligand in cytochrome P450cam by recombinant
incorporation of selenocysteine

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 5481 (2009)



15

Auernhammer GK, Fauth K, Ullrich B, Zhao J, Weigand M, Vollmer D
Time-resolved X-ray microscopy of nanoparticle aggregates under oscillatory shear
JOURNAL OF SYNCHROTRON RADIATION 16, 307 (2009)

Austermann J, Nazmi AR, Heil A, Fritz G, Kolinski M, Filipek S, Gerke V
Generation and characterization of a novel, permanently active S100P mutant
BIOCHIMICA ET BIOPHYSICA ACTA-MOLECULAR CELL RESEARCH 1793, 1078 (2009)

Bailly M, Blaise M, Lorber B, Thirup S, Kern D

Isolation, crystallization and preliminary X-ray analysis of the transamidosome, a
ribonucleoprotein involved in asparagine formation

ACTA CRYSTALLOGRAPHICA SECTION F-STRUCTURAL BIOLOGY AND
CRYSTALLIZATION COMMUNICATIONS 65, 577 (2009)

Barends TRM, Hartmann E, Griese JJ, Beitlich T, Kirienko NV, Ryjenkov DA, Reinstein J,
Shoeman RL, Gomelsky M, Schlichting |

Structure and mechanism of a bacterial light-regulated cyclic nucleotide phosphodiesterase
NATURE 459, 1015 (2009)

Baron R, Riley C, Chenprakhon P, Thotsaporn K, Winter RT, Alfieri A, Forneris F, van Berkel
WJH, Chaiyen P, Fraaije MW, Mattevi A, McCammon JA

Multiple pathways guide oxygen diffusion into flavoenzyme active sites

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 10603 (2009)

Beier MJ, Hansen TW, Grunwaldt JD

Selective liquid-phase oxidation of alcohols catalyzed by a silver-based catalyst promoted by
the presence of ceria

JOURNAL OF CATALYSIS 266, 320 (2009)

Bengtson S, Belivanova V, Rasmussen B, Whitehouse M

The controversial "Cambrian" fossils of the Vindhyan are real but more than a billion years older
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 7729 (2009)

Binter A, Staunig N, Jelesarov |, Lohner K, Palfey BA, Deller S, Gruber K, Macheroux P

A single intersubunit salt bridge affects oligomerization and catalytic activity in a bacterial
quinone reductase

FEBS JOURNAL 276, 5263 (2009)

Bocquet N, Nury H, Baaden M, Le Poupon C, Changeux JP, Delarue M, Corringer PJ
X-Ray structure of a pentameric ligand-gated ion channel in an apparently open conformation
NATURE 457, 111 (2009)

Boeggild A, Overgaard M, Valentin-Hansen P, Brodersen DE

Cyanobacteria contain a structural homologue of the Hfq protein with altered RNA-binding
properties

FEBS JOURNAL 276(14), 3904 (2009)

Bonneau F, Basquin J, Ebert J, Lorentzen E, Conti E

The Yeast Exosome Functions as a Macromolecular Cage to Channel RNA Substrates for
Degradation

CELL 139, 547 (2009)

Botelho HM, Koch M, Fritz G, Gomes CM
Metal ions modulate the folding and stability of the tumor suppressor protein ST100A2
FEBS JOURNAL 276, 1776 (2009)

Brosig A, Nesper J, Boos W, Welte W, Diederichs K
Crystal Structure of a Major Outer Membrane Protein from Thermus thermophilus HB27
JOURNAL OF MOLECULAR BIOLOGY 385, 1445 (2009)

Brueckner F, Armache KJ, Cheung A, Damsma GE, Kettenberger H, Lehmann E, Sydow J,
Cramer P

Structure-function studies of the RNA polymerase Il elongation complex

ACTA CRYSTALLOGRAPHICA SECTION D-BIOLOGICAL CRYSTALLOGRAPHY 65, 112
(2009)



16

Brueckner F, Ortiz J, Cramer P
A movie of the RNA polymerase nucleotide addition cycle
CURRENT OPINION IN STRUCTURAL BIOLOGY 19, 294 (2009)

Cammelli S, Degueldre C, Kuri G, Bertsch J, Luetzenkirchen-Hecht D, Frahm R

Study of atomic clusters in neutron irradiated reactor pressure vessel surveillance samples by
extended x-ray absorption fine structure spectroscopy

JOURNAL OF NUCLEAR MATERIALS 385, 319 (2009)

Ceh K, Demmer U, Warkentin E, Moll J, Thauer RK, Shima S, Ermler U

Structural Basis of the Hydride Transfer Mechanism in  F-420-Dependent
Methylenetetrahydromethanopterin Dehydrogenase

BIOCHEMISTRY 48, 10098 (2009)

Celie PHN, Toebes M, Rodenko B, Ovaa H, Perrakis A, Schumacher TNM
UV-Induced Ligand Exchange in MHC Class | Protein Crystals
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 131, 12298 (2009)

Cerny R, Filinchuk Y, Bruhne S

Local atomic order in the vicinity of Cu-2 dumbbells in TbCu7-type YCu6.576 studied by Bragg
and total scattering techniques

INTERMETALLICS 17, 818 (2009)

Chergui M, Zewail AH
Electron and X-Ray Methods of Ultrafast Structural Dynamics: Advances and Applications
CHEMPHYSCHEM 10, 28 (2009)

Claren J, Malisi C, Hocker B, Sterner R

Establishing wild-type levels of catalytic activity on natural and artificial (beta alpha)(8)-barrel
protein scaffolds

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 3704 (2009)

Clerc J, Groll M, lllich DJ, Bachmann AS, Huber R, Schellenberg B, Dudler R, Kaiser M
Synthetic and structural studies on syringolin A and B reveal critical determinants of selectivity
and potency of proteasome inhibition

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 6507 (2009)

Conti E, Bonneau F, Ebert J, Basquin J, Lorentzen E
Molecular mechanisms of RNA degradation by the exosome
FEBS JOURNAL 276, 37 (2009)

Cook AG, Fukuhara N, Jinek M, Conti E
Structures of the tRNA export factor in the nuclear and cytosolic states
NATURE 461, 60 (2009)

Cramer P, Arnold E
Proteins: how RNA polymerases work Editorial overview
CURRENT OPINION IN STRUCTURAL BIOLOGY 19, 680 (2009)

Cramer P, Arnold E
Proteins: how RNA polymerases work Editorial overview
CURRENT OPINION IN STRUCTURAL BIOLOGY 19, 680 (2009)

Curti E, Daehn R, Farges F, Vespa M

Na, Mg, Ni and Cs distribution and speciation after long-term alteration of a simulated nuclear
waste glass: A micro-XAS/XRF/XRD and wet chemical study

GEOCHIMICA ET COSMOCHIMICA ACTA 73, 2283 (2009)

Damsma GE, Cramer P
Molecular Basis of Transcriptional Mutagenesis at 8-Oxoguanine
JOURNAL OF BIOLOGICAL CHEMISTRY 284, 31658 (2009)

De Ligny D, Neuville DR, Cormier L, Roux J, Henderson GS, Panczer G, Shoval S, Flank AM,
Lagarde P

Silica polymorphs, glass and melt: An in situ high temperature XAS study at the Si K-edge
JOURNAL OF NON-CRYSTALLINE SOLIDS 355, 1099 (2009)



17

De Marco V, Gillespie PJ, Li A, Karantzelis N, Christodoulou E, Klompmaker R, van Gerwen S,
Fish A, Petoukhov MV, lliou MS, Lygerou Z, Medema RH, Blow JJ, Svergun DI, Taraviras S,
Perrakis A

Quaternary structure of the human Cdt1-Geminin complex regulates DNA replication licensing
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 19807 (2009)

Dengl S, Cramer P
Torpedo Nuclease Rat1 Is Insufficient to Terminate RNA Polymerase Il in Vitro
JOURNAL OF BIOLOGICAL CHEMISTRY 284, 21270 (2009)

Dengl S, Mayer A, Sun M, Cramer P
Structure and in Vivo Requirement of the Yeast Spt6 SH2 Domain
JOURNAL OF MOLECULAR BIOLOGY 389, 211 (2009)

Djuranovic S, Hartmann MD, Habeck M, Ursinus A, Zwickl P, Martin J, Lupas AN, Zeth K
Structure and Activity of the N-Terminal Substrate Recognition Domains in Proteasomal
ATPases

MOLECULAR CELL 34, 580 (2009)

Donat S, Streker K, Schirmeister T, Rakette S, Stehle T, Liebeke M, Lalk M, Ohisen K
Transcriptome and Functional Analysis of the Eukaryotic-Type Serine/Threonine Kinase PknB in
Staphylococcus aureus

JOURNAL OF BACTERIOLOGY 191, 4056 (2009)

Dreveny |, Andryushkova AS, Glieder A, Gruber K, Kratky C

Substrate Binding in the FAD-Dependent Hydroxynitrile Lyase from Almond Provides Insight
into the Mechanism of Cyanohydrin Formation and Explains the Absence of Dehydrogenation
Activity

BIOCHEMISTRY 48, 3370 (2009)

Edmondson DE, Binda C, Wang J, Upadhyay AK, Mattevi A

Molecular and Mechanistic Properties of the Membrane-Bound Mitochondrial Monoamine
Oxidases

BIOCHEMISTRY 48, 4220 (2009)

Eicher T, Brandstatter L, Pos KM
Structural and functional aspects of the multidrug efflux pump AcrB
BIOLOGICAL CHEMISTRY 390, 693 (2009)

Filinchuk Y, Cerny R, Hagemann H

Insight into Mg(BH4)(2) with Synchrotron X-ray Diffraction: Structure Revision, Crystal
Chemistry, and Anomalous Thermal Expansion

CHEMISTRY OF MATERIALS 21, 925 (2009)

Fraas S, Steinbach AK, Tabbert A, Harder J, Ermler U, Tittmann K, Meyer A, Kroneck PMH
Cyclohexane-1,2-dione hydrolase: A new tool to degrade alicyclic compounds
JOURNAL OF MOLECULAR CATALYSIS B-ENZYMATIC 61, 47 (2009)

Frank S, Handge UA, Olliges S, Spolenak R

Mechanical Failure of Thin Ta and Cu/Ta Layers on Polyimide Substrates: A Synchrotron-Based
Technique for In Situ Characterization

AIP CONFERENCE PROCEEDINGS 1143, 104 (2009)

Frank S, Handge UA, Olliges S, Spolenak R

The relationship between thin film fragmentation and buckle formation: Synchrotron-based in
situ studies and two-dimensional stress analysis

ACTA MATERIALIA 57, 1442 (2009)

Friis EM, Pedersen KR, Crane PR

Early Cretaceous mesofossils from Portugal and eastern North America related to the
Bennettitales-Erdtmanithecales-Gnetales group

AMERICAN JOURNAL OF BOTANY 96, 252 (2009)

Friis EM, Pedersen KR, von Balthazar M, Grimm GW, Crane PR

Monetianthus mirus gen. et sp. nov., a Nymphaealean Flower from the Early Cretaceous of
Portugal

INTERNATIONAL JOURNAL OF PLANT SCIENCES 170, 1086 (2009)



18

Fritz G
Insights into the function of S100B from structural and spectroscopic studies
AMINO ACIDS 37, 76 (2009)

Gallastegui N, Groll M
How ATPases Unravel a Mystery
STRUCTURE 17, 1279 (2009)

Glas AF, Schneider S, Maul MJ, Hennecke U, Carell T

Crystal Structure of the T(6-4)C Lesion in Complex with a (6-4) DNA Photolyase and Repair of
UV-Induced (6-4) and Dewar Photolesions

CHEMISTRY-A EUROPEAN JOURNAL 15, 10387 (2009)

Glasspool IJ, Collinson ME, Scott AC, Brain APR, Plotnick RE, Kenig F

An ultrastructural investigation of early Middle Pennsylvanian megaspores from the lllinois
Basin, USA

REVIEW OF PALAEOBOTANY AND PALYNOLOGY 156, 62 (2009)

Goetz BA, Perozo E, Locher KP

Distinct gate conformations of the ABC transporter BtuCD revealed by electron spin resonance
spectroscopy and chemical cross-linking

FEBS LETTERS 583, 266 (2009)

Gratier JP, Guiguet R, Renard F, Jenatton L, Bernard D
A pressure solution creep law for quartz from indentation experiments
JOURNAL OF GEOPHYSICAL RESEARCH-SOLID EARTH 114, B03403 (2009)

Grawert T, Rohdich F, Span |, Bacher A, Eisenreich W, Eppinger J, Groll M

Structure of Active IspH Enzyme from Escherichia coli Provides Mechanistic Insights into
Substrate Reduction

ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 48, 5756 (2009)

Groll M, McArthur KA, Macherla VR, Manam RR, Potts BC

Snapshots of the Fluorosalinosporamide/20S Complex Offer Mechanistic Insights for Fine
Tuning Proteasome Inhibition

JOURNAL OF MEDICINAL CHEMISTRY 52, 5420 (2009)

Gruber K, Arruda GB, Baral PK, Deller S, Macheroux P, Jajcanin-Jozic N, Abramic M
3D-Structure of dipeptidyl-peptidase Il (DPP II1)
NEUROPEPTIDES 43, 444 (2009)

Gut H, Dominici P, Pilati S, Astegno A, Petoukhov MV, Svergun DI, Grutter MG, Capitani G

A Common Structural Basis for pH- and Calmodulin-mediated Regulation in Plant Glutamate
Decarboxylase

JOURNAL OF MOLECULAR BIOLOGY 392, 334 (2009)

Hannemann S, Grunwaldt JD, Kimmerle B, Baiker A, Boye P, Schroer C

Axial Changes of Catalyst Structure and Temperature in a Fixed-Bed Microreactor During Noble
Metal Catalysed Partial Oxidation of Methane

TOPICS IN CATALYSIS 52, 1360 (2009)

Hartmann MD, Ridderbusch O, Zeth K, Albrecht R, Testa O, Woolfson DN, Sauer G, Dunin-
Horkawicz S, Lupas AN, Alvarez BH

A coiled-coil motif that sequesters ions to the hydrophobic core

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 16950 (2009)

Henkel A, Schubert O, Plech A, Soennichsen C
Growth Kinetic of a Rod-Shaped Metal Nanocrystal
JOURNAL OF PHYSICAL CHEMISTRY C 113, 10390 (2009)

Hennig S, Strauss HM, Vanselow K, Yildiz O, Schulze S, Arens J, Kramer A, Wolf E

Structural and Functional Analyses of PAS Domain Interactions of the Clock Proteins
Drosophila PERIOD and Mouse PERIOD2

PLOS BIOLOGY 7, 836 (2009)

Hilf RJC, Dutzler R
Structure of a potentially open state of a proton-activated pentameric ligand-gated ion channel
NATURE 457, 115 (2009)



19

Hiromoto T, Ataka K, Pilak O, Vogt S, S Stagni M, Meyer-Klaucke W, Warkentin E, K Thauer
R, Shima S, Ermler U

The crystal structure of C176A mutated [Fe]-hydrogenase suggests an acyl- iron ligation in the
active site iron complex

FEBS LETTERS 583, 585 (2009)

Hiromoto T, Warkentin E, Moll J, Ermler U, Shima S

The Crystal Structure of an [Fe]-Hydrogenase-Substrate Complex Reveals the Framework for
H2 Activation

ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 48, 6457 (2009)

Hocker B, Lochner A, Seitz T, Claren J, Sterner R

High-Resolution Crystal Structure of an Atrtificial (beta alpha)(8)-Barrel Protein Designed from
Identical Half-Barrels

BIOCHEMISTRY 48, 1145 (2009)

Hollenstein K, Comellas-Bigler M, Bevers LE, Feiters MC, Meyer-Klaucke W, Hagedoorn PL,
Locher KP

Distorted octahedral coordination of tungstate in a subfamily of specific binding proteins
JOURNAL OF BIOLOGICAL INORGANIC CHEMISTRY 14, 663 (2009)

Honnappa S, Gouveia SM, Weisbrich A, Damberger FF, Bhavesh NS, Jawhari H, Grigoriev I,
van Rijssel FJA, Buey RM, Lawera A, Jelesarov |, Winkler FK, Wuthrich K, Akhmanova A,
Steinmetz MO

An EB1-Binding Motif Acts as a Microtubule Tip Localization Signal

CELL 138, 366 (2009)

Hung AW, Silvestre HL, Wen SJ, Ciulli A, Blundell TL, Abell C

Application of Fragment Growing and Fragment Linking to the Discovery of Inhibitors of
Mycobacterium tuberculosis Pantothenate Synthetase

ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 48, 8452 (2009)

Ivanova M, Sievers SA, Sawaya MR, Wall JS, Eisenberg D

Molecular basis for insulin fibril assembly

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106(45), 18990 (2009)

Jenni S, Ban N

Imperfect pseudo-merohedral twinning in crystals of fungal fatty acid synthase

ACTA CRYSTALLOGRAPHICA SECTION D-BIOLOGICAL CRYSTALLOGRAPHY 65, 101
(2009)

Journel L, El Khoury L, Marin T, Guillemin R, Carniato S, Avila A, Delaunay R, Hague CF,
Simon M

Performances of a bent-crystal spectrometer adapted to resonant x-ray emission measurements
on gas-phase samples

REVIEW OF SCIENTIFIC INSTRUMENTS 80, 093105 (2009)

Khazina E, Weichenrieder O

Non-LTR retrotransposons encode noncanonical RRM domains in their first open reading
frame

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 731 (2009)

Khouchaf L, Hamoudi A, Cordier P

Evidence of depolymerisation of amorphous silica at medium- and short-range order: XANES,
NMR and CP-SEM contributions

JOURNAL OF HAZARDOUS MATERIALS 168, 1188 (2009)

Khunrae P, M D Philip J, R Bull D, K Higgins M

Structural comparison of two CSPG-binding DBL domains from the VAR2CSA protein important
in malaria during pregnancy

JOURNAL OF MOLECULAR BIOLOGY 393, 202 (2009)

Klein M, Menzel D, Doll K, Neef M, Zur D, Jursic |, Schoenes J, Reinert F
Photoemission spectroscopy across the semiconductor-to-metal transition in FeSi
NEW JOURNAL OF PHYSICS 11, 023026 (2009)

Klostermeier D, Rudolph MG



20

A novel dimerization motif in the C-terminal domain of the Thermus thermophilus DEAD box
helicase Hera confers substantial flexibility
NUCLEIC ACIDS RESEARCH 37, 421 (2009)

Koepke J, Olkhova E, Angerer H, Mueller H, Peng G, Michel H

High resolution crystal structure of Paracoccus denitrificans cytochrome c¢ oxidase: New insights
into the active site and the proton transfer pathways

BIOCHIMICA ET BIOPHYSICA ACTA-BIOENERGETICS 1787, 635 (2009)

Komarova Y, De Groot CO, Grigoriev |, Gouveia SM, Munteanu EL, Schober JM, Honnappa S,
Buey RM, Hoogenraad CC, Dogterom M, Borisy GG, Steinmetz MO, Akhmanova A

Mammalian end binding proteins control persistent microtubule growth

JOURNAL OF CELL BIOLOGY 184, 691 (2009)

Koschubs T, Seizl M, Lariviere L, Kurth F, Baumli S, Martin DE, Cramer P
Identification, structure, and functional requirement of the Mediator submodule Med7N/31
EMBO JOURNAL 28, 69 (2009)

Koster S, Wehner M, Herrmann C, Kulhlbrandt W, Yildiz O
Structure and Function of the FeoB G-Domain from Methanococcus jannaschii
JOURNAL OF MOLECULAR BIOLOGY 392, 405 (2009)

Kostrewa D, Zeller ME, Armache KJ, Seizl M, Leike K, Thomm M, Cramer P
RNA polymerase II-TFIIB structure and mechanism of transcription initiation
NATURE 462, 323 (2009)

Koziej D, Hubner M, Barsan N, Weimar U, Sikora M, Grunwaldt JD
Operando X-ray absorption spectroscopy studies on Pd-SnO2 based sensors
PHYSICAL CHEMISTRY CHEMICAL PHYSICS 11, 8620 (2009)

Krieg S, Huche F, Diederichs K, Izadi-Pruneyre N, Lecroisey A, Wandersman C, Delepelaire P,
Welte W

Heme uptake across the outer membrane as revealed by crystal structures of the receptor-
hemophore complex

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 1045 (2009)

Krummel DAP, Oubridge C, Leung AKW, Li J, Nagai K
Crystal structure of human spliceosomal U1 snRNP at 5.5 angstrom resolution
NATURE 458, 475 (2009)

Kumar M, Jagtap DD, Mahale SD, Prashar V, Kumar A, Das A, Bihani SC, Ferrer JL, Hosur MV,
Ramanadham M

Crystallization and preliminary X-ray diffraction analysis of human seminal plasma protein
PSP94

ACTA CRYSTALLOGRAPHICA SECTION F-STRUCTURAL BIOLOGY AND
CRYSTALLIZATION COMMUNICATIONS 65, 389 (2009)

Kuri G, Cammelli S, Degueldre C, Bertsch J, Gavillet D
Neutron induced damage in reactor pressure vessel steel: An X-ray absorption
JOURNAL OF NUCLEAR MATERIALS 385, 312 (2009)

Lareida A, Beckmann F, Schrott-Fischer A, Glueckert R, Freysinger W, Muller B

High-resolution X-ray tomography of the human inner ear: synchrotron radiation-based study of
nerve fibre bundles, membranes and ganglion cells

JOURNAL OF MICROSCOPY-OXFORD 234, 95 (2009)

Laursen M, Bublitz M, Moncoq K, Olesen C, Moller JV, Young HS, Nissen P, Morth JP
Cyclopiazonic acid is complexed to a divalent metal ion when bound to the sarcoplasmic
reticulum Ca2+- ATPase

JOURNAL OF BIOLOGICAL CHEMISTRY 284, 13513 (2009)

Leclerc E, Fritz G, Vetter SW, Heizmann CW
Binding of S100 proteins to RAGE: An update
BIOCHIMICA ET BIOPHYSICA ACTA-MOLECULAR CELL RESEARCH 1793, 993 (2009)

Li XD, Huergo LF, Gasperina A, Pedrosa FO, Merrick M, Winkler FK

Crystal structure of dinitrogenase reductase activating glycohydrolase (DRAG) reveals
conservation in the ADP-ribosylhydrolase fold and specific features in the ADP-ribose binding
pocket



21

JOURNAL OF MOLECULAR BIOLOGY 390, 737 (2009)

Locher KP

Structure and mechanism of ATP-binding cassette transporters

PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOCIETY B-BIOLOGICAL SCIENCES
364, 239 (2009)

Lorber B, Sauter C, Theobald-Dietrich A, Moreno A, Schellenberger P, Robert MC, Capelle B,
Sanglier S, Potier N, Giege R

Crystal growth of proteins, nucleics acids, and viruses in gels

PROGRESS IN BIOPHYSICS & MOLECULAR BIOLOGY 101, 13 (2009)

Maeda S, Nakagawa S, Suga M, Yamashita E, Oshima A, Fujiyoshi Y, Tsukihara T
Structure of the connexin 26 gap junction channel at 3.5 angstrom resolution
NATURE 458, 597 (2009)

Mandaliev P, Dahn R, Wehrli B, Wielandt E

Macro- and Microspectroscopic Study of Nd (lll) Uptake Mechanisms in Hardened Cement
Paste

ENVIRONMENTAL SCIENCE & TECHNOLOGY 43, 8462 (2009)

Mannini M, Pineider F, Sainctavit P, Danieli C, Otero E, Sciancalepore C, Talarico AM, Arrio
MA, Cornia A, Gatteschi D, Sessoli R

Magnetic memory of a single-molecule quantum magnet wired to a gold surface

NATURE MATERIALS 8, 194 (2009)

Marcia M, Ermler U, Peng G, Michel H

The structure of Aquifex aeolicus sulfide:quinone oxidoreductase, a basis to understand sulfide
detoxification and respiration

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 9625 (2009)

Masaphy S, Zabari L, Pastrana J, Dultz S

Role of Fungal Mycelium in the Formation of Carbonate Concretions in Growing MediaAn
Investigation by SEM and Synchrotron-Based X-Ray Tomographic Microscopy
GEOMICROBIOLOGY JOURNAL 26, 442 (2009)

Meier T, Krah A, Bond PJ, Pogoryelov D, Diederichs K, Faraldo-Gomez JD
Complete lon-Coordination Structure in the Rotor Ring of Na+-Dependent F-ATP Synthases
JOURNAL OF MOLECULAR BIOLOGY 391, 498 (2009)

Mentel M, Blankenfeldt W, Breinbauer R
The Active Site of an Enzyme Can Host Both Enantiomers of a Racemic Ligand Simultaneously
ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 48, 9084 (2009)

Metzger U, Schall C, Zocher G, Unsold I, Stec E, Li SM, Heide L, Stehle T

The structure of dimethylallyl tryptophan synthase reveals a common architecture of aromatic
prenyltransferases in fungi and bacteria

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 14309 (2009)

Meyer S, Bohme S, Kruger A, Steinhoff HJ, Klare JP, Wittinghofer A

Kissing G Domains of MnmE Monitored by X-Ray Crystallography and Pulse Electron
Paramagnetic Resonance Spectroscopy

PLOS BIOLOGY 7, e1000212 (2009)

Meyer S, Wittinghofer A, Versees W

G-Domain Dimerization Orchestrates the tRNA Wobble Modification Reaction in the
MnmE/GidA Complex

JOURNAL OF MOLECULAR BIOLOGY 392, 910 (2009)

Meyerheim H, Tonnerre J, Sandratskii L, Tolentino H, Przybylski M, Gabi Y, Yildiz F, L Fu X,
Bontempi E, Grenier S, Kirschner J

New Model for Magnetism in Ultrathin fcc Fe on Cu(001)

PHYSICAL REVIEW LETTERS 103, 267202 (2009)

Minasov G, Padavattan S, Shuvalova L, Brunzelle JS, Miller DJ, Basle A, Massa C, Collart FR,
Schirmer T, Anderson WF

Crystal Structures of Ykul and Its Complex with Second Messenger Cyclic Di-GMP Suggest
Catalytic Mechanism of Phosphodiester Bond Cleavage by EAL Domains



22

JOURNAL OF BIOLOGICAL CHEMISTRY 284, 13174 (2009)

Miot J, Benzerara K, Morin G, Kappler A, Bernard S, Obst M, Ferard C, Skouri-Panet F, Guigner
JM, Posth N, Galvez M, Brown Jr GE, Guyot F

Iron biomineralization by neutrophilic iron-oxidizing bacteria

GEOCHIMICA ET COSMOCHIMICA ACTA 73, 696 (2009)

Mueller M, Grauschopf U, Maier T, Glockshuber R, Ban N
The structure of a cytolytic alpha-helical toxin pore reveals its assembly mechanism
NATURE 459, 726 (2009)

Neubauer C, Gao YG, Andersen KR, Dunham CM, Kelley AC, Hentschel J, Gerdes K,
Ramakrishnan V, Brodersen DE

The structural basis for mRNA recognition and cleavage by the ribosome-dependent
endonuclease RelE

CELL 139(6), 1084 (2009)

Neuville DR, de Ligny D, Cormier L, Henderson GS, Roux J, Flank AM, Lagarde P

The crystal and melt structure of spinel and alumina at high temperature: An in-situ XANES
study at the Al and Mg K-edge

GEOCHIMICA ET COSMOCHIMICA ACTA 73, 3410 (2009)

Nicula R, Ishizaki K, Stir M, Catala-Civera J-M, Vaucher S

Microwave energy absorption driven by dynamic structural and magnetization states in
Fe85B15 metallic glass ribbons

APPLIED PHYSICS LETTERS 95, 174104 (2009)

Nicula R, Stir M, Ishizaki K, Catala-Civera J-M, Vaucher S

Nanocrystallization of amorphous alloys using microwaves: in situ time-resolved synchrotron
radiation studies

JOURNAL OF PHYSICS: CONFERENCE SERIES 144, 012109 (2009)

Nicula R, Stir M, Ishizaki K, Catala-civera JM, Vaucher S
Rapid nanocrystallization of soft-magnetic amorphous alloys using microwave induction heating
SCRIPTA MATERIALIA 60, 120 (2009)

Nyilas RD, Kobas M, Spolenak R

Synchrotron X-ray microdiffraction reveals rotational plastic deformation mechanisms in
polycrystalline thin films

ACTA MATERIALIA 57, 3738 (2009)

Ottmann C, Weyand M, Sassa T, Inoue T, Kato N, Wittinghofer A, Oecking C

A Structural Rationale for Selective Stabilization of Anti-tumor Interactions of 14-3-3 proteins by
Cotylenin A

JOURNAL OF MOLECULAR BIOLOGY 386, 913 (2009)

Oubridge C, Krummel DAP, Leung AKW, Li J, Nagai K
Interpreting a Low Resolution Map of Human U1 snRNP Using Anomalous Scatterers
STRUCTURE 17, 930 (2009)

Padavattan S, Flicker S, Schirmer T, Madritsch C, Randow S, Reese G, Vieths S, Lupinek C,
Ebner C, Valenta R, Markovic-Housley Z

High-Affinity IgE Recognition of a Conformational Epitope of the Major Respiratory Allergen Phl
p 2 As Revealed by X-Ray Crystallography

JOURNAL OF IMMUNOLOGY 182, 2141 (2009)

Pena V, Jovin SM, Fabrizio P, Orlowski J, Bujnicki JM, Luhrmann R, Wahl MC

Common Design Principles in the Spliceosomal RNA Helicase Brr2 and in the Hel308 DNA
Helicase

MOLECULAR CELL 35, 454 (2009)

Persson BD, Muller S, Reiter DM, Schmitt BBT, Marttila M, Sumowski CV, Schweizer S, Scheu
U, Ochsenfeld C, Arnberg N, Stehle T

An Arginine Switch in the Species B Adenovirus Knob Determines High-Affinity Engagement of
Cellular Receptor CD46

JOURNAL OF VIROLOGY 83, 673 (2009)

Plech A, Boneberg J, Leiderer P
Femtosecond laser near field ablation
LASER AND PHOTONICS REVIEWS 3, 435 (2009)



23

Pos KM
Drug transport mechanism of the AcrB efflux pump
BIOCHIMICA ET BIOPHYSICA ACTA-PROTEINS AND PROTEOMICS 1794, 782 (2009)

Pos KM

Trinity revealed: Stoichiometric complex assembly of a bacterial multidrug efflux pump
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 6893 (2009)

Pos KM

Trinity revealed: Stoichiometric complex assembly of a bacterial multidrug efflux pump (vol 106,
pg 6893, 2009)

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 9534 (2009)

Querol-Audi J, Casanas A, Uson I, Luque D, Caston JR, Fita |, Verdaguer N

The mechanism of vault opening from the high resolution structure of the N-terminal repeats of
MVP

EMBO JOURNAL 28(21), 3450 (2009)

Quick M, Winther AM, Shi L, Nissen P, Weinstein H, Javitch JA

Binding of an octylglucoside detergent molecule in the second substrate (S2) site of LeuT
establishes an inhibitor-bound conformation

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 5563 (2009)

Quistgaard EM, Madsen P, Groeftehauge MK, Nissen P, Petersen CM, Thirup SS
Ligands bind to Sortilin in the tunnel of a ten- bladed beta-propeller domain
NATURE STRUCTURAL AND MOLECULAR BIOLOGY 16, 96 (2009)

Radi M, Maga G, Alongi M, Angeli L, Samuele A, Zanoli S, Bellucci L, Tafi A, Casaluce G,
Giorgi G, Armand-Ugon M, Gonzalez E, Este JA, Baltzinger M, Bec G, Dumas P, Ennifar E,
Botta M

Discovery of Chiral Cyclopropyl Dihydro-Alkylthio-Benzyl-Oxopyrimidine (S-DABQO) Derivatives
as Potent HIV-1 Reverse Transcriptase Inhibitors with High Activity Against Clinically Relevant
Mutants

JOURNAL OF MEDICINAL CHEMISTRY 52, 840 (2009)

Reguer S, Mirambet F, Dooryhee E, Hodeau JL, Dillmann P, Lagarde P

Structural evidence for the desalination of akaganeite in the preservation of iron archaeological
objects, using synchrotron X-ray powder diffraction and absorption spectroscopy

CORROSION SCIENCE 51, 2795 (2009)

Repanas K, Fuentes G, Cohen SX, Bonvin AMJJ, Perrakis A
Insights into the DNA cleavage mechanism of human LINE-1 retrotransposon endonuclease
PROTEINS-STRUCTURE FUNCTION AND BIOINFORMATICS 74, 917 (2009)

Ressl S, Terwisscha van Scheltinga AC, Vonrhein C, Ott V, Ziegler C
Molecular basis of transport and regulation in the Na(+)/betaine symporter BetP.
NATURE 458, 47 (2009)

Rodenko B, Toebes M, Celie PHN, Perrakis A, Schumacher TNM, Ovaa H
Class | Major Histocompatibility Complexes Loaded by a Periodate Trigger
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 131, 12305 (2009)

Rose R, Huttenlocher F, Cedzich A, Kaiser M, Schaller A, Ottmann C

Purification, crystallization and preliminary X-ray diffraction analysis of a plant subtilase

ACTA CRYSTALLOGRAPHICA SECTION F-STRUCTURAL BIOLOGY AND
CRYSTALLIZATION COMMUNICATIONS 65, 522 (2009)

Roushan P, Seo J, Parker CV, Hor YS, Hsieh D, Qian D, Richardella A, Hasan MZ, Cava RJ,
Yazdani A

Topological surface states protected from backscattering by chiral spin texture

NATURE 460, 1106 (2009)

Rudolph MG, Klostermeier D

The Thermus thermophilus DEAD box helicase Hera contains a modified RNA recognition motif
domain loosely connected to the helicase core

RNA-A PUBLICATION OF THE RNA SOCIETY 15, 1993 (2009)



24

Rudolph MG, Wittmann JG, Klostermeier D

Crystallization and preliminary characterization of the Thermus thermophilus RNA helicase Hera
C-terminal domain

ACTA CRYSTALLOGRAPHICA SECTION F-STRUCTURAL BIOLOGY AND
CRYSTALLIZATION COMMUNICATIONS 65, 248 (2009)

Schoebel S, Oesterlin LK, Blankenfeldt W, Goody RS, ltzen A

RabGDI Displacement by DrrA from Legionella Is a Consequence of Its Guanine Nucleotide
Exchange Activity

MOLECULAR CELL 36, 1060 (2009)

Schreier B, Stumpp C, Wiesner S, Hocker B

Computational design of ligand binding is not a solved problem

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 18491 (2009)

Schulte T, Niedzwiedzki DM, Birge RR, Hiller RG, Polivka T, Hofmann E, Frank HA
Identification of a single peridinin sensing Chl-a excitation in reconstituted PCP by
crystallography and spectroscopy

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 20764 (2009)

Schulz BL, Stirnimann CU, Grimshaw JPA, Brozzo MS, Fritsch F, Mohorko E, Capitani G,
Glockshuber R, Grutter MG, Aebi M

Oxidoreductase activity of oligosaccharyltransferase subunits Ost3p and Ost6p defines site-
specific glycosylation efficiency

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 11061 (2009)

Seeger MA, von Ballmoos C, Verrey F, Pos KM

Crucial Role of Asp408 in the Proton Translocation Pathway of Multidrug Transporter AcrB:
Evidence from Site-Directed Mutagenesis and Carbodiimide Labeling

BIOCHEMISTRY 48, 5801 (2009)

Sennhauser G, Bukowska MA, Briand C, Grutter MG
Crystal Structure of the Multidrug Exporter MexB from Pseudomonas aeruginosa
JOURNAL OF MOLECULAR BIOLOGY 389, 134 (2009)

Simonetti A, Marzi S, Jenner L, Myasnikov A, Romby P, Yusupova G, Klaholz BP, Yusupov M
A structural view of translation initiation in bacteria
CELLULAR AND MOLECULAR LIFE SCIENCES 66, 423 (2009)

Sirajuddin M, Farkasovsky M, Zent E, Wittinghofer A

GTP-induced conformational changes in septins and implications for function

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 16592 (2009)

Stein A, Weber G, Wahl MC, Jahn R
Helical extension of the neuronal SNARE complex into the membrane
NATURE 460, 525 (2009)

Stir M, Ishizaki K, Vaucher S, Nicula R

Mechanism and kinetics of the reduction of magnetite to iron during heating in a microwave E-
field maximum

JOURNAL OF APPLIED PHYSICS 105, 124901 (2009)

Suga M, Maeda S, Nakagawa S, Yamashita E, Tsukihara T

A description of the structural determination procedures of a gap junction channel at 3.5A
resolution

ACTA CRYSTALLOGRAPHICA SECTION D-BIOLOGICAL CRYSTALLOGRAPHY 65, 758
(2009)

Surade S, Ochi T, Nietlispach D, Chirgadze D, Moreno A
Investigations into Protein Crystallization in the Presence of a Strong Magnetic Field
CRYSTAL GROWTH & DESIGN 10, 691 (2009)



25

Sydow JF, Brueckner F, Cheung ACM, Damsma GE, Dengl S, Lehmann E, Vassylyev D,
Cramer P

Structural Basis of Transcription: Mismatch-Specific Fidelity Mechanisms and Paused RNA
Polymerase Il with Frayed RNA

MOLECULAR CELL 34, 710 (2009)

Sydow JF, Cramer P
RNA polymerase fidelity and transcriptional proofreading
CURRENT OPINION IN STRUCTURAL BIOLOGY 19, 732 (2009)

Szikszai Z, Uzonyi |, Kiss AZ, Sziki GA, Vantelon D, Rozsa P

Investigation of impact materials from the Barringer Meteor Crater by micro-XANES and micro-
PIXE techniques

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM
INTERACTIONS WITH MATERIALS AND ATOMS 267, 2229 (2009)

Tanaka H, Kato K, Yamashita E, Sumizawa T, Zhou Y, Yao M, Iwasaki K, Yoshimura M,
Tsukihara T

The Structure of Rat Liver Vault at 3.5 Angstrom Resolution

SCIENCE 323, 384 (2009)

Tew MW, Miller JT, van Bokhoven JA

Particle size effect of hydride formation and surface hydrogen adsorption of nano-sized
palladium catalysts: L3 edge vs K edge X-ray absorption spectroscopy

JOURNAL OF PHYSICAL CHEMISTRY C 113, 15140 (2009)

Thomas C, Fricke |, Weyand M, Berken A

3D structure of a binary ROP-PRONE complex: the final intermediate for a complete set of
molecular snapshots of the RopGEF reaction

BIOLOGICAL CHEMISTRY 390, 427 (2009)

Trcera N, Cabaret D, Rossano S, Farges F, Flank AM, Lagarde P

Experimental and theoretical study of the structural environment of magnesium in minerals and
silicate glasses using X-ray absorption near-edge structure

PHYSICS AND CHEMISTRY OF MINERALS 36, 241 (2009)

Tregenna-Piggott PW, Sheptyakov D, Keller L, Klokishner Sl, Ostrovsky SM, Palii AV, Reu OS,
Bendix J, Brock-Nannestad T, Pedersen K, Weihe H, Mutka H

Single-lon Anisotropy and Exchange Interactions in the Cyano-Bridged Trimers MnllI2MIII(CN)6
(MIll = Co, Cr, Fe) Species Incorporating[Mn(5-Brsalen)]+ Units: An Inelastic Neutron Scattering
and Magnetic Susceptibility Study

INORGANIC CHEMISTRY 48, 128 (2009)

Tritschler F, Braun JE, Eulalio A, Truffault V, Izaurralde E, Weichenrieder O

Structural Basis for the Mutually Exclusive Anchoring of P Body Components EDC3 and Tral to
the DEAD Box Protein DDX6/Me31B

MOLECULAR CELL 33, 661 (2009)

Tritschler F, Braun JE, Motz C, Igreja C, Haas G, Truffault V, Izaurralde E, Weichenrieder O
DCP1 forms asymmetric trimers to assemble into active mRNA decapping complexes in
metazoa

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA 106, 21591 (2009)

Ulens C, Akdemir A, Jongejan A, van Elk R, Bertrand S, Perrakis A, Leurs R, Smit AB, Sixma
TK, Bertrand D, de Esch IJP

Use of Acetylcholine Binding Protein in the Search for Novel alpha 7 Nicotinic Receptor
Ligands. In Silico Docking, Pharmacological Screening, and X-ray Analysis

JOURNAL OF MEDICINAL CHEMISTRY 52, 2372 (2009)

Vandermarliere E, Bourgois TM, Winn MD
Structure of Bacillus subtilis GH family 43 arabinoxylan arabinofuranohydrolase
BIOCHEMICAL JOURNAL 418, 39 (2009)

Vantelon D, Lagarde P, Flank AM, Berrier E, Secordel X, Cristol S, La Fontaine C, Villain F,
Briois V

Applications in materials science of combining Raman and X-rays at the macro- and
micrometric scale



26

PHASE TRANSITIONS 82, 322 (2009)

Vollimuth F, Blankenfeldt W, Geyer M

Structures of the Dual Bromodomains of the P-TEFb-activating Protein Brd4 at Atomic
Resolution

JOURNAL OF BIOLOGICAL CHEMISTRY 284, 36547 (2009)

Warmuth S, Zimmermann |, Dutzler R
X-ray Structure of the C-Terminal Domain of a Prokaryotic Cation-Chloride Cotransporter
STRUCTURE 17, 538 (2009)

Weinert C, Grutter C, Roschitzki-Voser H, Mittl PRE, Grutter MG

The Crystal Structure of Human Pyrin B30.2 Domain: Implications for Mutations Associated with
Familial Mediterranean Fever

JOURNAL OF MOLECULAR BIOLOGY 394, 226 (2009)

Wenzl MV, Beretta M, Gorren ACF, Zeller A, Baral PK, Gruber K, Russwurm M, Koesling D,
Schmidt K, Mayer B

Role of the General Base Glu-268 in Nitroglycerin Bioactivation and Superoxide Formation by
Aldehyde Dehydrogenase-2

JOURNAL OF BIOLOGICAL CHEMISTRY 284, 19878 (2009)

Winkler A, Motz K, Riedl S, Puhl M, Macheroux P, Gruber K

Structural and Mechanistic Studies Reveal the Functional Role of Bicovalent Flavinylation in
Berberine Bridge Enzyme

JOURNAL OF BIOLOGICAL CHEMISTRY 284, 19993 (2009)

Winkler A, Puhl M, Weber H, Kutchan TM, Gruber K, Macheroux P

Berberine bridge enzyme catalyzes the six electron oxidation of (S)-reticuline to
dehydroscoulerine

PHYTOCHEMISTRY 70, 1092 (2009)

Winklmeier A, Weyand M, Schreier C, Kalbitzer HR, Kremer W

Crystallization and preliminary X-ray diffraction studies of the tetramerization domain derived
from the human potassium channel Kv1.3

ACTA CRYSTALLOGRAPHICA SECTION F-STRUCTURAL BIOLOGY AND
CRYSTALLIZATION COMMUNICATIONS 65, 688 (2009)

Wu YI, Frey D, Lungu Ol, Jaehrig A, Schlichting I, Kuhlman B, Hahn KM
A genetically encoded photoactivatable Rac controls the motility of living cells
NATURE 461, 104 (2009)

Yu S, Jensen V, Seeliger J, Feldmann |, Weber S, Schleicher E, Haussler S, Blankenfeldt W
Structure Elucidation and Preliminary Assessment of Hydrolase Activity of PqsE, the
Pseudomonas Quinolone Signal (PQS) Response Protein

BIOCHEMISTRY 48, 10298 (2009)

von Moeller H, Basquin C, Conti E

The mRNA export protein DBP5 binds RNA and the cytoplasmic nucleoporin NUP214 in a
mutually exclusive manner

NATURE STRUCTURAL & MOLECULAR BIOLOGY 16, 247 (2009)

PUBLICATIONS WITH SYN AUTHOR(S) AND NOT DESCRIBING AN SLS
EXPERIMENT

Bech M, Bunk O, David C, Ruth R, Rifkin J, Loewen R, Feidenhans'l R, Pfeiffer F

Hard X-ray phase-contrast imaging with the Compact Light Source based on inverse Compton
X-rays

JOURNAL OF SYNCHROTRON RADIATION 16, 43 (2009)

Bech M, Jensen TH, Feidenhans'l R, Bunk O, David C, Pfeiffer F
Soft-tissue phase-contrast tomography with an x-ray tube source
PHYSICS IN MEDICINE AND BIOLOGY 54, 2747 (2009)

Bettinger JS, Piamonteze C, Chopdekar RV, Liberati M, Arenholz E, Suzuki Y
Room-temperature photomagnetism in the spinel ferrite (Mn, Zn, Fe)(3)O-4 as seen via soft x-
ray magnetic circular dichroism

PHYSICAL REVIEW B 80, 140413 (2009)



27

Bodenthin Y, Schwarz G, Tomkowicz Z, Geue T, Haase W, Pietsch U, Kurth DG

Liquid Crystalline Phase Transition Induces Spin Crossover in a Polyelectrolyte Amphiphile
Complex

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 131, 2934 (2009)

Bodenthin Y, Schwarz G, Tomkowicz Z, Lommel M, Geue TH, Haase W, Moehwald H, Pietsch
U, Kurth DG

Spin-crossover phenomena in extended multi-component metallo-supramolecular assemblies
COORDINATION CHEMISTRY REVIEWS 253, 2414 (2009)

Bonfanti M, Grilli E, Guzzi M, Chrastina D, Isella G, von Kanel H, Sigg H
Direct gap related optical transitions in Ge/SiGe quantum wells
PHYSICA E-LOW-DIMENSIONAL SYSTEMS & NANOSTRUCTURES 41, 972 (2009)

Borisenko SV, Kordyuk AA, Zabolotnyy VB, Inosov DS, Evtushinsky D, Buchner B, Yaresko AN,
Varykhalov A, Follath R, Eberhardt W, Patthey L, Berger H

Two Energy Gaps and Fermi-Surface "Arcs" in NbSe2

PHYSICAL REVIEW LETTERS 102, 166402 (2009)

Diaz A, Mocuta C, Stangl J, Mandl B, David C, Vila-Comamala J, Chamard V, Metzger TH,
Bauer G

Coherent diffraction imaging of a single epitaxial InAs nanowire using a focused x-ray beam
PHYSICAL REVIEW B 79, 125324 (2009)

Diaz A, Mocuta C, Stangl J, Vila-Comamala J, David C, Metzger TH, Bauer G

Spatially resolved strain within a single SiGe island investigated by X-ray scanning
microdiffraction

PHYSICA STATUS SOLIDI A-APPLICATIONS AND MATERIALS SCIENCE 206, 1829 (2009)

Donath T, Chabior M, Pfeiffer F, Bunk O, Reznikova E, Mohr J, Hempel E, Popescu S, Hoheisel
M, Schuster M, Baumann J, David C

Inverse geometry for grating-based x-ray phase-contrast imaging

JOURNAL OF APPLIED PHYSICS 106, 054703 (2009)

Donath T, Pfeiffer F, Bunk O, Groot W, Bednarzik M, Grunzweig C, Hempel E, Popescu S,
Hoheisel M, David C

Phase-contrast imaging and tomography at 60 keV using a conventional x-ray tube source
REVIEW OF SCIENTIFIC INSTRUMENTS 80, 053701 (2009)

Erat S, Braun A, Ovalle A, Piamonteze C, Liu Z, Graule T, Gauckler LJ

Correlation of O (1s) and Fe (2p) near edge x-ray absorption fine structure spectra and electrical
conductivity of La1-xSrxFe0.75Ni0.2503-delta

APPLIED PHYSICS LETTERS 95, 174108 (2009)

Fendt LA, Stohr M, Wintjes N, Enache M, Jung TA, Diederich F

Modification of Supramolecular Binding Motifs Induced By Substrate Registry: Formation of
Self-Assembled Macrocycles and Chain-Like Patterns

CHEMISTRY-A EUROPEAN JOURNAL 15, 11139 (2009)

Franken JH, Moehrke P, Klaeui M, Rhensius J, Heyderman LJ, Thiele JU, Swagten HJM,
Gibson UJ, Ruediger U

Effects of combined current injection and laser irradiation on Permalloy microwire switching
APPLIED PHYSICS LETTERS 95, 212502 (2009)

Glover JC, Schmitt T, Mattesini M, Adell M, llver L, Kanski J, Kjeldgaard L, Agaker M,
Martensson N, Ahuja R, Nordgren J, Rubensson JE

Stationary and dispersive features in resonant inelastic soft X-ray scattering at the Ge 3p
resonances

JOURNAL OF ELECTRON SPECTROSCOPY AND RELATED PHENOMENA 173, 103 (2009)

Herzen J, Donath T, Pfeiffer F, Bunk O, Padeste C, Beckmann F, Schreyer A, David C
Quantitative phase-contrast tomography of a liquid phantom using a conventional x-ray tube
source

OPTICS EXPRESS 17, 10010 (2009)

Hornung B, Bodi A, Pongor Cl, Gengeliczki Z, Baer T, Sztaray B

Dissociative Photoionization of X(CH3)(3) (X = N, P, As, Sb, Bi): Mechanism, Trends, and
Accurate Energetics

JOURNAL OF PHYSICAL CHEMISTRY A 113, 8091 (2009)



28

Hsieh D, Xia Y, Qian D, Wray L, Meier F, Dil JH, Osterwalder J, Patthey L, Fedorov AV, Lin H,
Bansil A, Grauer D, Hor YS, Cava RJ, Hasan MZ

Observation of Time-Reversal-Protected Single-Dirac-Cone Topological-Insulator States in
Bi2Te3 and Sb2Te3

PHYSICAL REVIEW LETTERS 103, 146401 (2009)

Khasanov R, Bendele M, Amato A, Babkevich P, Boothroyd AT, Cervellino A, Conder K,
Gvasaliya SN, Keller H, Klauss HH, Luetkens H, Pomjakushin V, Pomjakushina E, Roessli B
Coexistence of incommensurate magnetism and superconductivity in Fe(1+y)SexTe(1-x)
PHYSICAL REVIEW B 80, 140511 (2009)

Kirk E, Tsujino S, Vogel T, Jefimovs K, Gobrecht J, Wrulich A
Fabrication of all-metal field emitter arrays with controlled apex sizes by molding
JOURNAL OF VACUUM SCIENCE &amp; TECHNOLOGY B 27, 1813 (2009)

Klaui M, llgaz D, Heyne L, Kim JS, Boulle O, Schieback C, Zinser F, Krzyk S, Fonin M, Rudiger
U, Backes D, Heyderman LJ, Mentes TO, Locatelli A

Concepts for Domain Wall Motion in Nanoscale Ferromagnetic Elements due to Spin Torque
and in Particular Oersted Fields

JOURNAL OF MAGNETICS 14, 53 (2009)

Kuepper K, Raekers M, Taubitz C, Prinz M, Derks C, Neumann M, Postnikov AV, de Groot
FMF, Piamonteze C, Prabhakaran D, Blundell SJ

Charge order, enhanced orbital moment, and absence of magnetic frustration in layered
multiferroic LuFe204

PHYSICAL REVIEW B 80, 220409 (2009)

Kuzmenko AB, van Heumen E, van der Marel D, Lerch P, Blake P, Novoselov KS, Geim AK
Infrared spectroscopy of electronic bands in bilayer graphene
PHYSICAL REVIEW B 79, 115441 (2009)

Lange C, Koster NS, Chatterjee S, Sigg H, Chrastina D, Isella G, von Kanel H, Schafer M, Kira
M, Koch SW

Ultrafast nonlinear optical response of photoexcited Ge/SiGe quantum wells: Evidence for a
femtosecond transient population inversion

PHYSICAL REVIEW B 79, 201306 (2009)

Le Guyader L, Kirilyuk A, Rasing T, Smolyaninov Il
Electromagnetic surface wave induced magnetic anisotropy
JOURNAL OF PHYSICS D-APPLIED PHYSICS 42, 105003 (2009)

Lovesey SW, Staub U

Calculated chiral and magneto-electric dichroic signals for copper metaborate (CuB204) in an
applied magnetic field

JOURNAL OF PHYSICS-CONDENSED MATTER 21, 142201 (2009)

Lovesey SW, Staub U

Reply to comment on 'Calculated chiral and magneto-electric dichroic signals for copper
metaborate (CuB204) in an applied magnetic field'

JOURNAL OF PHYSICS-CONDENSED MATTER 21, 498002 (2009)

M Mulders A, Loosvelt H, Fraile Rodriguez A, Popova E, Konishi7 K Temst T, Karis O, Arvanitis
D, Van Haesendonck C

On the interface magnetism of thin oxidized Co films: orbital and spin moments

JOURNAL OF PHYSICS-CONDENSED MATTER 21, 124211 (2009)

Matena M, Llanes-Pallas A, Enache M, Jung T, Wouters J, Champagne B, Stohr M, Bonifazi D
Conformation-controlled networking of H-bonded assemblies on surfaces
CHEMICAL COMMUNICATIONS 24, 3525 (2009)

Menendez E, Liedke MO, Fassbender J, Gemming T, Weber A, Heyderman LJ, Rao KV, Deevi
SC, Surinach S, Baro MD, Sort J, Nogues J

Direct Magnetic Patterning due to the Generation of Ferromagnetism by Selective lon Irradiation
of Paramagnetic FeAl Alloys

SMALL 5, 229 (2009)



29

Minasian SG, Krinsky JL, Rinehart JD, Copping R, Tyliszczak T, Janousch M, Shuh DK, Arnold
J

A Comparison of 4f vs 5f Metal-Metal Bonds in (CpSiMe3)(3)M-ECp* (M = Nd, U; E = Al, Ga;
Cp* = C5Meb): Synthesis, Thermodynamics, Magnetism, and Electronic Structure

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 131, 13767 (2009)

Muller K, Kara A, Kim TK, Bertschinger R, Scheybal A, Osterwalder J, Jung TA
Multimorphism in molecular monolayers: Pentacene on Cu(110)
PHYSICAL REVIEW B 79, 245421 (2009)

Pfeiffer F, Bech M, Bunk O, Donath T, Henrich B, Kraft P, David C
X-ray dark-field and phase-contrast imaging using a grating interferometer
JOURNAL OF APPLIED PHYSICS 105, 102006 (2009)

Piamonteze C, Miedema P, de Groot FMF

Accuracy of the spin sum rule in XMCD for the transition-metal L edges from manganese to
copper

PHYSICAL REVIEW B 80, 184410 (2009)

Richter C-P, Shintani-Smith S, Fishman A, David C, Robinson |, Rau C
Imaging of cochlear tissue with a grating interferometer and hard X-rays
MICROSCOPY RESEARCH AND TECHNIQUE 72, 902 (2009)

Rigon L, Arfelli F, Astolfo A, Bergamaschi A, Dreossi D, Longo R, Menk RH, Schmitt B, Vallazza
E, Castelli E

A single-photon counting "edge-on" silicon detector for synchrotron radiation mammography
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 608,
S62 (2009)

Salazar-Alvarez G, Kavich JJ, Sort J, Mugarza A, Stepanow S, Potenza A, Marchetto H, Dhesi
SS, Baltz V, Dieny B, Weber A, Heyderman LJ, Nogues J, Gambardella P

Direct evidence of imprinted vortex states in the antiferromagnet of exchange biased microdisks
APPLIED PHYSICS LETTERS 95, 012510 (2009)

Samuely T, Liu SX, Haas M, Decurtins S, Jung TA, Stohr M

Self-Assembly of Individually Addressable Complexes of C-60 and Phthalocyanines on a Metal
Surface: Structural and Electronic Investigations

JOURNAL OF PHYSICAL CHEMISTRY C 113, 19373 (2009)

Schift H, Kim G, Lee J, Gobrecht J

3D visualization of mold filling stages in thermal nanoimprint by white light interferometry and
atomic force microscopy

NANOTECHNOLOGY 20, 355301 (2009)

Schift H, Spreu C, Schleunitz A, Gobrecht J, Klukowska A, Reuther F, Gruetzner G
Easy mask-mold fabrication for combined nanoimprint and photolithography
JOURNAL OF VACUUM SCIENCE & TECHNOLOGY B 27(6), 2850 (2009)

Schmidt T, Reiche S
Undulators for the SwissFEL
PROCEEDINGS OF FEL 2009, Liverpool, UK, 706 (2009)

Sing M, Berner G, Goss K, Muller A, Ruff A, Wetscherek A, Thiel S, Mannhart J, Pauli SA,
Schneider CW, Willmott PR, Gorgoi M, Schafers F, Claessen R

Profiling the Interface Electron Gas of LaAlO3/SrTiO3 Heterostructures with Hard X-Ray
Photoelectron Spectroscopy

PHYSICAL REVIEW LETTERS 102, 176805 (2009)

Trabadelo V, Retolaza A, Merino S, Cruz A, Heredia P, Foelske A, Schift H, Padeste C

Protein patterning by thermal nanoimprint lithography and NH3-plasma functionalization of
polystyrene

JOURNAL OF VACUUM SCIENCE & TECHNOLOGY B 27, 1060 (2009)

Vanoni C, Jung TA, Tsujino S

Temperature dependent charge-injection at the metal-organic semiconductor interface and
density of states in pristine and doped pentacene

APPLIED PHYSICS LETTERS 94, 253306 (2009)



30

Virgilio M, Bonfanti M, Chrastina D, Neels A, Isella G, Grilli E, Guzzi M, Grosso G, Sigg H, von
Kanel H

Polarization-dependent absorption in Ge/SiGe multiple quantum wells: Theory and experiment
PHYSICAL REVIEW B 79, 075323 (2009)

Vlasenko A, Huthwelker T, Gaggeler HW, Ammann M

Kinetics of the heterogeneous reaction of nitric acid with mineral dust particles: an aerosol
flowtube study

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 11, 7921 (2009)

BOOKS

P. Beaud, S. L. Johnson, C.J. Milne, F. Krasniqi, E. Vorobeva, G. Ingold

Atomic motion in laser excited bismuth studied with femtosecond x-ray diffraction

in “Ultrafast Phenomena XVI”, editors P. Corkum, S. De Silvestri, K.A. Nelson, E. Riedle,
R.W. Schoenlein, Springer Series in Chemical Physics vol. 92, Springer Verlag, Berlin,
Germany, Hardcover (2009), 1031 pp., 667 illus, 104-106, ISBN: 978-3-540-95945-8

F. Krasniqi, S. L. Johnson, P. Beaud, M. Kaiser, D. Grolimund, G. Ingold

Influence of laser heating time on strain wave dynamics in InSb

in “Ultrafast Phenomena XVI”, editors P. Corkum, S. De Silvestri, K.A. Nelson, E. Riedle,
R.W. Schoenlein, Springer Series in Chemical Physics vol. 92, Springer Verlag, Berlin,
Germany, Hardcover (2009), 1031 pp., 667 illus, 238-240, ISBN: 978-3-540-95945-8

C. Milne, V.-T. Pham, W. Gawelda, A. EI Nahhas, R.M. van der Veen, S. L. Johnson, P. Beaud,
G. Ingold., C. Borca, D. Grolimund, R. Abela, M. Chergui, C. Bressler

Femtosecond x-ray absorption spectroscopy of a photoinduced spin-crossover process

in “Ultrafast Phenomena XVI”, editors P. Corkum, S. De Silvestri, K.A. Nelson, E. Riedle,

R.W. Schoenlein, Springer Series in Chemical Physics vol. 92, Springer Verlag, Berlin,
Germany, Hardcover (2009), 1031 pp., 667 illus, 122-124, ISBN: 978-3-540-95945-8

C. Quitmann, J. Raabe, A. Puzic, K. Kuepper, S. Wintz

Dynamics of Mesoscopic Magnetic Objects

in “Magnetism and Synchrotron Radiation: New Trends”, editors E. Beaurepaire, H. Bulou, F.
Scheurer, J. P. Kappler, Series: Springer Proceedings in Physics, Vol. 133, Springer Verlag,
Berlin, Germany, Hardcover (2010), ISBN: 978-3-642-04497-7

REPORTS

P. Boulanger, B. Nowack, A.C. Scheinost, A. Wahner, M. Ammann, L. Charlet, P. Dillmann,
S. Gin, T. Lieven, M. Morrison, |. Nenner, D. Rickerby, D.R. Worsnop, J.M Zanotti, C. Ferry,
M.A. Fontaine, T. Huthwelker, T. Jacquet, A. Kiendler-Scharr, A. Manceau,

M.H. van der Voorde

Chapter 5.9, Environment, in: Grand European initiative on Nanoscience and nanotechnology
using Neutron and synchrotron radiation sources (GENNESYS)

edited by H. Dosch, M.H. van der Voorde, 2009

Y. Ekinci,
Bilayer metallic wire-grids as efficient, low-cost, and broad-band polarizers,
SSOM Bulletin 2009

V.N. Strocov
Concept of a one-shot RIXS spectrometer for XFEL
Technical Report No. SLS-SPC-TA-2009-319, PSI, 2009

DIPLOMAS

C. David

—  Herstellung und Charakterisierung von Beugungsgittern flir Réntgenabbildung im
Phasenkontrast bei Photonenenergien lber 60 keV
W. Groot, Hochschule Bremen, University of Applied Sciences, 2009

H. Schift, J. Gobrecht, Bachelor thesis coached

— Aufbau eines Diffusionsphantoms mit Mikrofluidikkanélen aus gebondeten Polymerplatten
V. Di Chiara, University of Applied Sciences Nordwestschweiz, 2009
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J. Gobrecht, H. Schift, Master thesis coached

—  Development of a Production and Quality Control Method for Micro- and Nano-Structured
Parts Exemplary for Microfluidic Devices in Transparent Polyamides
C. Rytka, University of Applied Sciences Vorarlberg, 2009

G. Ingold

- Femtosecond Bunch Slicing Diagnostic and Electron Bunch Length Measurements with
Coherent Synchrotron Radiation at the Swiss Light Source
D. Abramsohn, TU Berlin, Germany, 2009

T.A. Jung

- Molecular Electronics and Molecular Sprintronics at Interfaces
Ch.Wackerlin, University of Basel, 2009

M. Radovic

- Growth and characterization of YBCO/LSMO bilayers for non-equilibrium optical
measurements
R. Arpaia, Universita degli Studi di Napoli Federico II, Italy, 2009

P. Willmott, Masters thesis

- Structural study of the superconducting interface between an insulator and a metal
C. Wang, Ludwig-Maximilians-Universitat Minchen, 2009

INVITED TALKS

A. Bergamaschi

Time resolved powder diffraction at the Swiss Light Source

1% Workshop for the High Resolution Powder Diffraction Beamline, Hamburg, Germany,
26.11.2009

A. Bodi

Internal energy selected ions: thermochemical networks and unimolecular dissociation
mechanisms

2009 Molecular Informatics and Bioinformatics International Symposium, Institute for Advanced
Study, Collegium Budapest, Hungary, 17-19.03.2009

A. Bodi

First Results from the iIPEPICO Endstation at the Swiss Light Source: The Surprisingly Complex
Spectroscopy and Dissociation Dynamics of Small Molecules

Asilomar Conference on Mass Spectrometry, Pacific Grove CA, USA, 16-20.10.2009

O. Bunk

Uncovering the microstructure of bone

3" International Bone Research Association Scientific Seminar, Basel, Switzerland,
08-09.05.2009

O. Bunk
Scanning SAXS: Imaging nanoscale structures of extended objects
Interdisciplinary Symposium on 3D microscopy, Interlaken, Switzerland, 12-16.07.2009

O. Bunk

Multimodal imaging: STXM, SXDM, scanning SAXS and interferometric phase contrast imaging
on tissue samples

Seminar at SOLEIL, Gif-sur-Yvette, France, 28.10.2009

L. Carroll
Infrared pump/probe spectroscopy of Ge laser material
Tyndall National Institute, Cork, Irland, 09.12.2009

X. Cui

High-resolution angle-resolved photoemission spectroscopy study on transition metals and
transition metals doped titanium dichalcogenides materials

CEA Saclay, Paris, France,12-13.01.2009
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X. Cui

High-resolution angle-resolved photoemission spectroscopy study on transition metals and
transition metals doped titanium dichalcogenides materials in Swiss Light Source

Institute of Physics, Chinese Academy of Sciences (CAS), Beijing, China, 02-03.03.2009

X. Cui

High-resolution angle-resolved photoemission spectroscopy works in SLS

The 13" Hiroshima International Symposium on Synchrotron Radiation, Hiroshima University,
Japan, 10-11.03.2009

X. Cui

High-resolution angle-resolved photoemission spectroscopy works in SLS

Institute of Physics of China-Swiss Light Source meeting, Paul Scherrer Institute, Villigen,
Switzerland 19.10.2009

C. David
Diffractive X-Ray Optics for Imaging and Metrology Applications
DESY, Hamburg, Germany, 22.07.2009

C. David
Diffractive X-Ray Optics for Microscopy and Radiography Applications
SPIE Conference on Optics and Optoelectronics, Prague, Czech Republic, 23.04.2009

C. David

X-Ray Optics and Interferometrics

ICXOM20 Sattelite Workshop: Synchrotron-based micro(nano)-analysis and imaging methods
Karlsruhe, Germany, 14.09.2009

A. Diaz
Towards strain imaging of epitaxial nanostructures using focused and coherent x-ray beams
Seminar at TU Dresden, Germany, 24.11.2009

H. Dil

Time, space, spin and angle-resolved photoemission

PSI-XFEL Science Workshop on Time-Resolved Spectroscopy on Correlated Electron
Materials, Zlrich, Switzerland, 06.03.2009

H. Dil
Spin resolved ARPES; From model Rashba systems to topological metals
AG Wiesendanger, University Hamburg, Hamburg, Germany, 18.05.2009

H. Dil

Measuring the full 3D spin electronic structure by spin-resolved ARPES
International Workshop on Strong Correlations and Angle-Resolved Photoemission
Spectroscopy CORPESOQ9, Zirich, Switzerland, 24.07.2009

H. Dil

Spin-resolved ARPES on low dimensional Rashba systems

11™ International Conference on Electronic Spectroscopy and Structure, Nara, Japan,
10.10.2009

Y. Ekinci

Controlling the coupling in Au and Al nanowires and nanopatrticles for applications in
nanooptics, biosensing and metamaterials

2. Mediterranean Conference on Nano-Photonics, Athens, Greece, 26-27.10.2009

A. Fraile-Rodriguez
Probing magnetism at the nanoscale using x-ray spectromicroscopy
University of Ulm, Ulm, Germany, 05.11.2009

J. Gobrecht
Topics in Innovation Circle 2 Nanomanufacturing
i-net, University Basel, Switzerland, 28.01.2009

J. Gobrecht
Project funding from NanoArgovia: Synergies with IC
i-net, University Basel, Switzerland, 28.01.2009
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J. Gobrecht
Préagen von Mikro- und Nanostrukturen
ITG-Fachtagung, Electrosuisse, Winterthur, Switzerland, 29.01.2009

J. Gobrecht
Nanotechnologie: Chancen und Risiken
Adlatus Events 2009, Zirich, Switzerland, 22.04.2009

J. Gobrecht
F&E an Feld-Emitter-Elektonenquellen — Potenzial fiir kalte Elektronenquellen
PSI-XFEL-Indstrietag, Paul Scherrer Institut, Villigen PSI, Switzerland, 04.05.2009

J. Gobrecht
Nanostructure-fabrication: Origination, embossing and injection moulding
EPMT, Lausanne, Switzerland, 13.05.2009

J. Gobrecht
Nanotechnologie auf dem Vormarsch
Management Symposium Basel, Switzerland, 15.05.2009

J. Gobrecht
Mikro und Nano: ein Traumpaar?
swiss mnt network, Technopark, Luzern, Switzerland, 24.06.2009

J. Gobrecht
Nano-patterning of Polymer Surfaces
ChinaNANO 2009, Peking, China, 01.09.2009

J. Gobrecht
Funktionalisierung von Kunsstoffen durch Nanotechnologien
NanoEvent NanoEinstieg KMU, FHNW, Windisch, Switzrland, 18.11.2009

L.J. Heyderman
Patterned Magnetic Thin Films
Seminar, Thin Film Magnetism Group, University of Cambridge, UK, 03.02.2009

L.J. Heyderman

Patterned Magnetic Thin Films

Condensed matter seminar, Department of Physics, University of Basel, Switzerland,
18.05.2009

B. Henrich
Radiation Detector activities of the SLS Detectors Group
APS Users Week, 04-06.05.2009

T. Huthwelker

Synchrotron based microtomography and microspectroscopy of ice and aerosols relevant to
atmospheric sciences

Physikalisch-chemisches Kolloquium, Technical University Braunschweig, Germany,
16.01.2009

G. Ingold

Towards Pump-Probe Resonant Diffraction: 100 -> 10 fs

SwissFEL Workshop Crazy Ideas and Challenges, Science Issues, Villigen, Switzerland,
27.02.2009

G. Ingold
Femtosecond x-ray absorption spectroscopy of a photoinduced spin-crossover process
Seminar, NSLS, Brookhaven National Laboratory, Upton, NY, USA, 29.10.2009

M. Johnson

Spectroscopy with Synchrotron Radiation and its Application to Thermochemistry
Colloquium: Physical and Theoretical Chemistry, Julius-Maximilians-Universitat Wirzburg,
Germany, 21.07.2009

S. L. Johnson
Femtosecond x-ray diffraction
PSI-XFEL Science Workshop on Correlated Electron Materials, Zurich, Switzerland, 06.03.2009
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S. L. Johnson

Femtosecond x-ray diffraction in solids: coherent and incoherent atomic dynamics far from
equilibrium

Ultrafast X-ray Summer School, SLAC, Menlo Park, CA, USA, 15-19.06.2009

S. L. Johnson

Using femtosecond x-ray diffraction to study non-equilibrium structural dynamics: coherent and
incoherent phonons

Max Planck Group for Structural Dynamics, Hamburg, Germany, 18.08.2009

S. L. Johnson

Coherent and incohrent dynamics in solids studied by grazing-incidence femtosecond x-ray
diffraction

441% Wilhelm & Else Heraeus Seminar, Bad Honnef, Germany, 28.09-01.10.2009

S. L. Johnson

Watching atoms move: using x-ray diffraction to observe structural dynamics in crystals on
fundamental time scales

Laser Science XXV, San Jose, CA, USA, 11-15.10.2009

S. L. Johnson
Femtosecond structural dynamics of non-equilibrium solids studied by x-ray diffraction
DESY Hamburg, Germany, 08.12.2009

S. L. Johnson

Watching atoms move: using x-ray diffraction to observe structural dynamics in crystals on
fundamental time scales

European XFEL Femtosecond X-Ray Experiments Workshop, Budapest, Hungary,
09-11.12.2009

T.A. Jung, M. Stéhr, S. Schintke

Supra-Molecular Self Assembly at Surfaces: Towards Rational Architectures

SFB 668 — Kolloquium, Magnetismus vom Einzelatom zur Nanostruktur. Hamburg, Germany,
27.01.2009

T.A. Jung, M. Stéhr, S. Schintke

Controlling and Operating Physico-Chemical Properties of Molecules and Supra-Molecular
assemblies by STM

COST Electron Controlled Chemical Lithography, WG3 Meeting, Zurich, Switzerland,
03.03.2009

T.A. Jung. M. Stéhr, S. Schintke

Supra-Molecular Self Assembly at Surfaces: Rational Architectures for Addressable Molecular
Switches

Seminar given at the Hungarian Academy of Sciences (HAS), 02.04.2009

T.A. Jung, M. Stéhr, S. Schintke

Supra-Molecular Self Assembly at Surfaces: Rational Architectures for Addressable Molecular
Switches with Increased Complexity and Novel Functionality

Molecular Electronics Meeting in Bern, Switzerland, 12.05.2009

T.A. Jung, M. Stéhr, S. Schintke
Self Assembly and Positioning: It works for Molecules as well as for other building blocks
Symposium in Honour of Prof. H.-J. Guentherodt’s retirement, 18-19.06.2009

T.A. Jung, M. Stéhr
Nano-Imaging: From Science to Technology
Interdisciplinary Symposium on 3D Microscopy 2009, Interlaken, Switzerland, 12-16.07.2009

C. M. Kewish
Applications of Ptychography: Present and Future
Seminar at Coherent X-ray Scattering Group Meeting, Villigen PSI, Switzerland, 26.03.2009

C. M. Kewish
2-D Membrane Protein Crystallography at Future XFELs
European XFEL SCS Instrument Workshop, Villigen PSI, Switzerland, 04.06.2009

C. M. Kewish
Applications of Ptychography: Present and Future
Seminar at Synchrotron SOLEIL, Gif-sur-Yvette, France, 28.08.2009
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C. M. Kewish
Applications of Ptychographic Coherent Diffractive Imaging
Coherent X-ray Imaging Methods Workshop, Melbourne, Australia, 02-04.10.2009

C. M. Kewish

2-D Membrane Protein Crystallography at Future XFELs

Seminar at Commonwealth Scientific and Industrial Research Organisation (CSIRO),
Melbourne, Australia, 09.10.2009

Ph. Lerch

Condensed Matter Physics and IR Synchrotron Radiation

Workshop MIRAS 2009 Synchrotron Radiation Infrared Microscopy Synchrotron ALBA,
Barcelona, Spain, 21.09.2009

E.Mengotti
Magnetic configurations in artificial kagome spin ice structures
School of Physics, University College Dublin, Ireland, 16.06.2009

A. Menzel
X-Ray Scattering Studies on Model Electrocatalysts
Elektrochemie-Seminar, Villigen PSI, Switzerland, 29.06.2009

A. Menzel
Ptychographic Imaging in Materials and Life Sciences
Frontiers in Optics 2009/Laser Science XXV, San Josa, California, USA, 13.10.2009

K. Muller, A. Kara, T. Brugger, A. Scheybal, R. Bertschinger, A. Bendounan, T. Greber,
T. A. Jung

Electronic States at the Metal / Organic Semiconductor Interface: Pentacene on Cu(110)
MolCHSurf IV, Bern, Switzerland, 29.06.2009

F. Nolting

Nanostrutured GdFeCo film investigated with X-rays

International workshop on Ultrafast laser control of spins in nanomagnets, Njiemgen,
The Netherlands, 25— 30.10.2009

F. Nolting

A close look at magnetic multilayers and nanomagnets with X-ray magnetic dichroism
International workshop on Polarized Neutrons and Synchrotron X-rays for Magnetism, Bonn,
Germany, 02-05.08.2009

K. Mader
Robot System at Tomcat
Joint Users, Paul Scherrer Institute, Villigen, Switzerland, 13.11.2009

F. Marone
Towards real-time tomography: fast reconstruction algorithms
SLS Symposium, PSI, Villigen, Switzerland, 03.11.2009

F. Marone

Synchrotron based tomographic microscopy: fast, high-sensitive 3D imaging at the micron and
nano-scale

CIMST Microscopy & Nanoscopy Seminar, ETH, Zurich, Switzerland, 15.10.2009

F. Marone
Synchrotron-based X-ray Microtomography in the Geosciences
Structural Geology Seminar, ETH, Zurich, Switzerland, 25.02.2009

R. Mokso
X-Ray Microscopy: principles and recent advances
Analytical Chemistry Symposium, ETH Zurich, Switzerland, 05.2009

V. Olieric, M. Wang, E. Ennifar, C. Schulze-Briese

Progress in S-SAD and P-SAD phasing at the Swiss Light Source

Winter School on Soft X-rays in Macromolecular Crystallography, BESSY, Berlin, Germany,
18-20.02.2009
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L. Patthey

K-Space Microscopy by High Resolution ARPES

Workshop on High Resolution Electron Spectroscopy - Future and Perspectives, Soleil
Synchrotron, Paris, France, 03-04.02.2009

M. Radovic

In-situ Angle-Resolved Photoelectron Spectroscopy of underdoped YBa,Cu30O;.s thin films
grown by Pulsed Laser Deposition

Institute for Nucleas Science “Vinca” University of Belgrade, Serbia, 06.07.2009

M. Radovic

Reconstruction and Band Folding in the Underdoped Surface of YBa,Cu30;.s Thin Films Made
by Pulsed Laser Deposition

CNR-INFM, Napoli, Italy, 06.10.2009

M. Radovic
Angle-Resolved Photoelectron Spectroscopy (ARPES) on YBCO thin films
Physics Department — University of Fribourg, Switzerland, 03.12.2009

H. Schift
Visualization of Mold Filling Stages in Nanoimprint Lithography
Seminar talk at Korea Institute of Machinery & Materials (KIMM), Daejeon, Korea, 22.01.2009

H. Schift

Nanopatterning of Surfaces for Photonic Applications - Shaping Polymers by Nanoimprint
Lithography

Nanoelectronics and Nanophotonics Colloquium, Swiss Electromagnetics Research and
Engineering Centre (serec), ETH Zurich, Switzerland 25.06.2009

H. Schift

Fracture and Wear of “Nanopillars” - Defined Fracture at Interfaces using Scanning Force
Microscopy

Micro-Tribology, 5" Int. Colloquium, Milowka, Poland, 21-24.09.2009

H. Schift

Nanofabrication with Polymers at PSI — the Nanoimprint Toolbox

Seminar talk at Molecular Foundry, Lawrence Berkeley National Lab, Berkeley, CA, USA,
10.11.2009

H. Schift
Nanofabrication with Polymers at PSI — the Nanoimprint Toolbox
Seminar talk at Hewlett Packard Labs, Palo Alto, CA, USA, 11.11.2009

H. Schift

Nanopatterning of 3D surfaces based on nanoimprint lithography — the EU project NaPANIL
MNC, 22" Int. Microprocesses and Nanotechnology Conference, Sapporo, Hokkaido, Japan,
16-19.11.2009

J. Schlappa, T. Schmitt, F. Vernay, V. N. Strocov, V. llakovac, B. Thielemann, H. M. Ronnow,
Vanishri S., A. Piazzalunga, X. Wang, L. Braicovich, G. Ghiringhelli, C. Marin, J. Mesot,

B. Delley, L. Patthey

Collective spin-excitations in Cu Lz Resonant Inelastic X-ray Scattering from Sr;4Cu»4044
Invited by Prof. M. Grioni to give a seminar presentation at a RIXS brainstorming meeting with
Swiss users, EPFL, Lausanne, Switzerland, 07.01.2009

J. Schlappa
Elastic and inelastic soft x-ray scattering as powerful probe of electronic degrees of freedom
Internal seminar, Helmholtz-Zentrum Berlin, Germany, 26.06.2009

J. Schlappa, T. Schmitt, K. Zhou, V. N. Strocov, F. Vernay, B. Delley, B. Thielemann, J. Mesot,
L. Patthey, V. llakovac, H. M. Ronnow, X. Wang, M. Grioni, G. Ghiringhelli, A. Piazzalunga,

C. Dallera, L. Braicovich, S. Vanishri, C. Marin

Collective spin-excitations in low-dimensional spin systems probed by high-resolution resonant
inelastic x-ray scattering (RIXS)

Internal seminar, Universitat zu Kdln, Germany, 02.07.2009
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J. Schlappa, T. Schmitt, K. Zhou, F. Vernay, V. N. Strocov, V. llakovac, B. Thielemann,

H. M. Ronnow, Vanishri S., A. Piazzalunga, X. Wang, L. Braicovich, G. Ghiringhelli, C. Marin,
J. Mesot, B. Delley, L. Patthey

Collective magnetic excitations in low-dimensional spin systems probed by high-resolution
resonant inelastic x-ray scattering

JUM@P °09, Villigen PSI, Switzerland, 12-13.10.2009

T. Schmidt
Undulators for the Swissfel
FEL 2009, Liverpool, UK, 23-28.08.2009

T. Schmidt
Undulator Development at PSI

Eastern Forum of Science and Technology: Physics and Technology of Advanced Undulators,
Shanghai, China, 03-04.12.2009

B. Schmitt

Current and future detector development at the Swiss Light Source

10™ International Conference on Synchrotron Radiation Instrumentation, SRI09, Melbourne,
Australia, 27.09-02.10.2009

T. Schmitt

Pump and Probe Resonant Inelastic X-Ray Scattering at a Soft X-Ray FEL

PSI-XFEL Science Workshop on Time-Resolved Spectroscopy on Correlated Electron
Materials, University of Zurich, Irchel, Zurich, Switzerland, 06.03.2009

T. Schmitt

RIXS from 3rd to 4th Generation Experiments

International workshop on the Spectroscopy and Coherent Scattering Endstation and
associated instrumentation at the European XFEL, Paul Scherrer Institut, Villigen PSI,
Switzerland, 02-04.06.2009

T. Schmitt

New Frontiers for High-Resolution Soft X-ray RIXS at the SLS

RIKEN International Workshop on Spectrometers and Instrumentation for IXS (SIIXS 2009),
SPring-8, Hyogo, Japan, 21-23.06.2009

T. Schmitt

New Frontiers for High-Resolution Soft X-ray RIXS at the SLS

Toyohiko Kinoshita to give a seminar to the spectroscopy Il group at Spring-8, Hyogo, Japan,
24.06.2009

T. Schmitt
Resonant Inelastic Soft X-Ray Scattering in Quasi One Dimensional Cuprates
Resonant Inelastic X-ray Scattering Workshop, ESRF, Grenoble, France, 29.06-01.07.2009

T. Schmitt
New Frontiers for High-Resolution Soft X-Ray RIXS at the SLS
Helmholtz-Zentrum Berlin, BESSY, Germany, 07.07.2009

T. Schmitt

Resonant Inelastic Soft X-Ray Scattering in Quasi One Dimensional Cuprates

Inelastic X-Ray Scattering Workshop, SLAC National Accelerator Laboratory, Stanford, USA,
03-05.08.2009

T.Schmitt

New Frontiers for High-Resolution Soft X-Ray RIXS at the SLS

SSG Lecture Series — Frontier of Synchrotron Radiation Science & Instrumentation, Advanced
Light Source, Lawrence Berkeley National Laboratory, USA, 06.08.2009

T. Schmitt
New Frontiers for High-Resolution Soft X-Ray RIXS at the SLS
MAX-Lab, University Lund, Sweden, 16.09.2009

T. Schmitt, V. N. Strocov, J. Schlappa, K. J. Zhou, L. Patthey, C. Quitmann

New Frontiers for High-Resolution Soft X-Ray RIXS at the SLS

10th International Conference on Synchrotron Radiation Instrumentation — SRI 09, Melbourne,
Australia, 27.09-02.10.2009
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T. Schmitt

Resonant Inelastic Soft X-Ray Scattering in Quasi One Dimensional Cuprates

11-th International Conference on Electronic Spectroscopy and Structure (ICESS-11), Nara,
Japan, 06.-10.10.2009

T. Schmitt, V. N. Strocov, J. Schlappa, K. J. Zhou, L. Patthey

New Frontiers for High-Resolution Soft X-Ray RIXS at the SLS

Workshop on Soft X-ray Scattering - satellite meeting of ICESS-11, National Synchrotron
Radiation Research Center, HsinChu, Taiwan, 12-13.10.2009

T. Schmitt
New Frontiers for High-Resolution Soft X-Ray RIXS at the SLS
Diamond Light Source, Oxford, UK, 23.10.2009

T. Schmitt
Resonant Inelastic Soft X-Ray Scattering in Quasi One Dimensional Cuprates
Leibniz Institute for Solid State and Materials Research — IFW, Dresden, Germany, 26.11.2009

T. Schmitt

Pump-probe RIXS: Cu Lz and O K edge vs. Cu K-edge

International workshop on the science and instrumentation at the European XFEL:
Femtosecond X-Ray Experiments, Budapest, Hungary, 09-11.12.2009

C. Schulze-Briese
New instrumentation and recent developments at the SLS PX beamlines
3D Repertoire Final Meeting, Warszasa, Polska, 05.09.09

C. Schulze-Briese
Protein Crystallography
CIMST Summer School on Biomedical Imaging, Zurich, Switzerland, 03.09.2009

C. Schulze-Briese
New instrumentation and recent developments at the SLS PX beamlines
2009 American Crystallography Association Meeting, Toronto, Canada, 28.07.09

C. Schulze-Briese
Small is beautiful - Protein micro-crystallography at SLS
MX frontiers at the one micron scale, NSLS Il at BNL, Upton NY, USA, 23.07.09

C. Schulze-Briese
PILATUS 6M - Protein Crystallography with 6 million detectors
BCA Spring Meeting, Loughborough, UK, 23.04.09

M. Schuster, M. Chabior, M. Engelhardt, J. Baumann, E. Hempel, T. Donath, C. David,
F. Pfeiffer, C. Schroer

Grating Based X-Ray Phase Contrast Imaging using Laboratory X-ray Sources

58th Denver X-ray Conference, Colorado Springs, USA, 27.-31.07.2009

M. Shi, J. Mesot
The Electronic Excitations in the pseudogap of Cuprates as Studied by ARPES
MANEP internal Workshop, Neuchatel, Switzerland, 19.01.2009

M. Shi, J. Mesot

The dichotomy of the dispersion in the pseudogap phase of cuprates as studied by ARPES
SMEC2009, Study of Matter at Extreme Conditions, Miami, Western Caribbean, USA,
28.03-02.04.2009

M. Shi, J. Mesot

Electronic Excitations of High-temperature Cuprate Superconductors Probed by ARPES
Seventh International Conference on New Theories, Discoveries, and Applications of
Superconductors and Related Materials, Beijing, China, May 13—-16.05.2009

H. Sigg
THz optics and beam transport
Workshop for a THz source at the SwissFEL, Zurzach, Switzerland, 10.12.2009

H.H. Solak, V. Auzelyte, A. Langner, Y. Ekinci, C. David, J. Gobrecht
EUV Interference Lithography at the Limits of Patterning with Photons
7th Fraunhofer IISB Lithography Simulation Workshop, Hersbruck, Germany, 25-27.09.2009
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H.H. Solak
Optimized Metallic Nanostructures for Plasmonic Field Enhancement
5th Nanoscience and Nanotechnology Conference, Eskisehir, Turkey, 08-12.06.2009

H.H. Solak,
Nanolithography in the extreme ultraviolet range
Electron Controlled Chemical Lithography 2009 Meeting, Istanbul, Turkey, 05.-08.06.2009

H.H. Solak, V. Auzelyte, A. Langner, S. S. Sarkar, A. Weber, H. Pruchova, M. Kropf, C. David,
J. Gobrecht,

EUV Interference Lithography,

International EUVL Workshop, Honolulu, USA, 13-17.07.2009

M. Stampanoni
X-ray Tomographic Microscopy: a powerful, real-space imaging technique
AIC International School, Camerino, Italy, 01.09.2009

M. Stampanoni

Synchrotron-based Tomographic Microscopy: fast, high-sensitive and high-resolution 3D
imaging at the micron scale

EGU General Assembly, Vienna,Austria, 23.04.2009

M. Stampanoni

Synchrotron-based Tomographic Microscopy: Fast, High-Sensitive Micron- and Nanoscale
Imaging

E-MRS Fall Meeting, Boston, USA, 01-04.12.2009

M. Stampanoni
Phase contrast X-ray tomographic microscopy: a new tool in bioimaging
Seminar at the Institute of Research in Biomedicine, Bellinzona, Switzerland, 20.11.2009

M. Stampanoni
Synchrotron-based tomographic microscopy
PhD course, Lausanne, Switzerland, 18.12.2009

M. Stampanoni
Tomographic Microscopy at the SLS: the TOMCAT instrument
LNM Analytics XAS Meeting, Villigen, Switzerland, 08.04.2009

M. Stampanoni

Synchrotron-based Tomographic Microscopy: fast, high-sensitive and high-resolution 3D
imaging at the micron- and nano scale

Seminars at MaxLAB, Lund, Sweden 28.05.2009

M. Stampanoni
Phase contrast tomographic imaging at TOMCAT
MaxLAB User's Meeting, Lund, Sweden, 04.11.2009

M. Stampanoni
TOMCAT: A powerful tool for non-destructive investigations at the micron and nano-scale,
Nestle Research Center — Seminar, Lausanne, Switzerland, 16.11.2009

M. Stampanoni
Non-destructive, volumetric high-resolution quantitative imaging of soft tissue
Novartis Institute of Biomedical Research Inc. — Seminar, Boston, USA, 03.12.2009

M. Stampanoni
Advanced X-ray Phase Contrast Tomographic Imaging with a Grating Interferometer
Tuft Univ. School of Medicine — Seminar, USA, 04.12.2009

M. Stampanoni
Imaging at the SLS: TOMCAT and its interactions with ETH Ziirich and Lausanne,
SLS-SAC Meeting, Villigen, Switzerland, 23.11.2009

U. Staub, Y. Bodenthin, C. Piamonteze, M. Garcia-Fernandez, V. Scagnoli, M. Garganourakis,
S. Koohpayeh, D. Fort, S. P. Collins, S. W. Lovesey

Study of Magneto-Electric Effects by Resonant X-Ray Diffraction

Workshop on Soft X-ray Scattering, NSRRC, Taiwan, 12-13.10.2009
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U. Staub

Advanced Resonant Soft X-Ray Diffraction to Study Ordering Phenomena in Magnetic Materials
11-th International Conference on Electronic Spectroscopy and Structure (ICESS-11), Nara,
Japan, 06-10.10.2009

U. Staub

Advanced Resonant Soft X-Ray Diffraction to Study Ordering Phenomena in Magnetic Materials
Polarized Neutrons and Synchrotron X-rays for Magnetism (PNSXM 2009), Bonn, Germany,
02-05.08.2009

U. Staub

Resonant Soft X-Ray Diffraction: Direct Access to Electronic and Magnetic Ordering
Phenomena

Advanced Light Source, Berkeley, USA, 18.03.2009

U. Staub

Resonant X-ray scattering

PSI_XFEL Science Workshop on Time-Resolved-Spectroscopy on Correlated Electron
Materials, University of Zirich, Switzerland, 06.03.2009

U. Staub

Resonant Soft X-Ray Diffraction: Direct Access to Electronic and Magnetic Ordering
Phenomena

Institut fir Festkdrperforschung, Jilich, Germany, 17.02.2009

M. Stoéhr, M. Matena, M. Wahl, J. Lobo-Checa, H. Dil, L.H. Gade, T.A. Jung, J. Zegenhagen
Reactions on surfaces for the creation of supramolecular polymers
Electron Controlled Chemical Lithography Meeting, Istanbul, Turkey, 06.2009

V.N. Strocov

High-resolution soft-X-ray beamline ADRESS at Swiss Light Source for resonant X-ray
scattering and angle-resolved photoelectron

BESSY, Berlin, Germany, 31.03.2009

P. Thibault

High-resolution scanning X-ray diffraction microscopy

Conference on Electron, lon, and Photon Beam Technology and Nanofabrication, Florida, USA,
29.05.2009

J. F. van der Veen
Future access to European research infrastructures
ERF seminar, Lund, Sweden, 27.10.2009

J. Vila-Comamala
Nanofabrication of X-ray Diffractive Optics
London Center for Nanotechnology, London, United Kingdom, 29.06.2009
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Observations of Water Uptake in Ammonium Sulfate Particles using X-ray Microspectrosopy
INTROP Conference, Portoroz- Slovenia, 14-17.04.2009

V. Zelenay, A. Kfepelova, M. Birrer, T. Tritscher, R. Chirico, T. Huthwelker and M. Ammann
Soot- Water Uptake
NEADS Workshop, PSI Villigen, Switzerland, 07.07.2009

V. Zelenay, A. Kfepelova, T. Huthwelker, M. Ammann,
Fulvic Acids: Tracking morphological Changes upon Water Uptake
JUM@P’09 Joint Users’ Meeting at PSI, Villigen, Switzerland, 12-13.10.2009

WORKSHOPS AND CONFERENCES

L. Patthey

Organisation of International Workshop on Strong Correlations and Angle-Resolved
Photoemission Spectroscopy CORPES09

Zdurich, Switzerland, 19-24.07.2009

E. Razzoli

International Workshop on Strong Correlations and Angle-Resolved Photoemission
Spectroscopy CORPES09

Zirich, Switzerland, 19-24.07.2009,

Y. Sassa
3rd MaNEP Winter School, Exploring New Phases of Electronic Matter
Saas-Fee, Switzerland, 11-16.01.2009

J. Schlappa
3rd MaNEP Winter School, Exploring New Phases of Electronic Matter
Saas Fee, Switzerland, 11-16.01.2009
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J. Schlappa

International workshop on the Spectroscopy and Coherent Scattering Endsation and associated
instrumentation at the European XFEL

Paul Scherrer Institut, Villiegen PSI, Switzerland, 02-04.06.2009

J. Schlappa

International Workshop on Strong Correlations and Angle-Resolved Photoemission
Spectroscopy CORPES09

Zurich, Switzerland, 19-24.07.2009

M. Stampanoni
Interdisciplinary Symposium on 3D microscopy
Interlaken, SwitzerlandChair, Member of the Scientific Program

V.N. Strocov

International workshop on the Spectroscopy and Coherent Scattering Endstation and
associated instrumentation at the European XFEL,

Paul Scherrer Institut, Villigen PSI, Switzerland, 02-04.06.2009

K.J. Zhou

International Workshop on Strong Correlations and Angle-Resolved Photoemission
Spectroscopy CORPES09

Zurich, Switzerland, 19-24.07.2009

K.J. Zhou
3rd MaNEP Winter School Exploring New Phases of Electronic Matter
Saas Fee, Switzerland, 11-16.01.2009

K.J. Zhou

International workshop on the Spectroscopy and Coherent Scattering Endstation and
associated instrumentation at the European XFEL

Paul Scherrer Institut, Villigen PSI, Switzerland, 02-04.06.2009

PUBLIC RELATIONS

P. Beaud

- Ultrakurze Réntgenimpulse am PSI: vom FEMTO-Projekt zum SwissFEL,
Oral Presentation at Power Lasers, CleanTech Day of the Swisslaser Net, ETH Zuerich,
Switzerland, 27.07.2009

J. Gobrecht
- Science Fiction wird Realitat — dank Nanotechnologie?, TecDay@Kanti Aarau,
Kantonsschule, Aarau, Switzerland, 03.04.2009

- Science Fiction wird Realitat — dank Nanotechnologie?, TecDay@ksso,
Kantonsschule, Solothurn, Switzerland, 10.11.2009

- Presented booth at trade fair, Salon International Environment Professionel Micro-
Technologies EPMT, Lausanne, Switzerland, 14-15.05.2009

- Presented booth at trade fair, Fachmesse Kunststoffmaschinen, Friedrichshafen, Germany,
13-17.10.2009

- Presented booth at trade fair, Nano Europe, Rapperswil, Switzerland, 25-26.11.2009

F. Nolting

- Licht am PSI sorgt bei Nanomagneten fiir Durchblick. Untersuchungen zu neuartigen
magnetischen Materialien mit Synchrotronlicht, Jahresmedienkonferenz des Paul Scherrer
Instituts PSI, Villigen, Switzerland, 23.06.2009

T.A. Jung
- Molekile unter der Fuchtel des Rastertunnelmikroskops, B. Peiseler Sutter, in Chemische
Rundschau Nr. 1-2, 09.02.2009

- Verfahren ermdglicht Steuerung von elektronischen Materialeigenschaften, Associated
Press deutsche Ausgabe, 16.07.2009
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- Durchbruch an der Uni. Elektronische Materialeigenschaften kodnnen gesteuert und gezielt
verandert werden, Esther Jundt, Basellandschaftliche Zeitung, Aargauer Zeitung,
16.07.2009

- Neue Materialien, Schweizer Forscher verandern Leitfahigkeit von Kupferoberflachen,
Schweizerische Depeschen Agentur (SDA-ATS--Wissenschaft), 16.07.2009

- Neues Verfahren entwickelt, Steuerung von elektronischen Materialeigenschaften, Die
Botschaft, Doettingen, 18.07.2009

- Material auf Knopfdruck verwandeln. Oberbaselbieter Zeitung Waldenburg, 23.07.2009

- Metamaterials Electrified, Michael Segal in Nature Nanotechnology 4, 24.07.2009

- Kandidaten fuer neue Metamaterialien Steuerung elektronischer Materialeigenschaften
Chemie mit Labor flash, Solothurn, 09.10.2009

M. Stampanoni
- Das Unsichtbare sichtbar machen: die Rdntgenmikrotomographie mit Synchrotronstrahlung
ETH-Kolloquium, Zurich, Schweiz, 16.05.2009

DISSERTATIONS

C. David

- Templated self-assembly of SiGe Quantum Dots
C. Dais, RWTH Aachen, Germany, (2009)

C. David

- Neutron Grating Interferometry for Imaging Magnetic Structures in Bulk Ferromagnetic
Materials
C. Griinzweig, ETH Zurich, Switzerland, (2009)

M. Janousch, U. Staub, F. van der Veen

- Oxygen Vacancies in SrTiOs: An X-Ray Absorption Study
B. P. Andreasson, ETH Zirich, Switzerland, (2009)

T.A. Jung

- Organic semiconductor interfaces with insulators and metals
K. Miiller, University Zurich, Switzerland, (2009)

T.A. Jung

- Observing cooperative behavior with molecular surface structures
M. Matena, University of Basel, Switzerland, (2009)

B. Schmitt

- Design of low phase noise low power CMOS phase locked loops
X. Shi, University of Neuchatel, Switzerland, (2009)

B. Schmitt

- PILATUS 2M A detector for small angle x-ray scattering
P. Kraft, ETH Zlrich, Switzerland, (2009)

U. Staub, F. van der Veen

- Ordering Phenomena and Electronic Transitions in Co and Mn Based A-Site Ordered
Perovskites
M. Garcia-Fernandez, ETH Zirich, Switzerland, (2009)

P. Willmott

- Systematic structure investigation of YBCO thin films with direct methods and surface x-
ray diffraction
C. Schleplitz, University of Zirich, 2009
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P. Willmott

- Structural studies of h-BN and graphene single-layers on transition-metal surfaces
D. Martoccia, University of Zirich, 2009

AWARDS
Y. Ekinci, SSOM Fisba-Optik Prize, 2009

G. Glettig, PRIGO: Parallel Robotics Inspired Goniometer for Protein Crystallography, Best
Poster Award, 9th euspen International Conference, San Sebastian, Spain, 02-05.06.2009

S. Gorelick, First prize in Micro- and Nanograph Contest, 35th International Conference on
Micro and Nano Engineering (MNE 09), Gent, Belgium

AN. Kaufmann, H. Schift, E. Meyer, T.A. Jung, The Fracture Behavior of Nanostructures, this
oral presentation was highlighted on the conference webpage with an article about the
presentation/project, 2009 MRS Fall Meeting, Boston, USA, 30.11-04.12.2009

K. Mader, Image Contest 1°" and 3 Place, Institute for Biomechanics, ETH Ziirich, November
2009

MEMBERSHIPS IN EXTERNAL COMMITTEES
C. David

- Member of the International Program Committee of the Micro- and Nano-Engineering
Conference Series

- Member of the International Consortium for Coherent X-ray Diffractive Imaging (ICCDXI)

- Member of the Scientific Advisory Board of the Courant Research Centre "Nano-
Spectroscopy and X-ray Imaging", University of Géttingen, Germany

- Member of the Editorial Board of the Journal of X-ray Optics and Instrumentation

- Member of the International Program Committee of the X-Ray Microscopy Conference
Series

- Member of the International Advisory Committee of the Photon Conference Series

- Member of the Programm Committee of the 20" International Congress on X-Ray Optics
and Microanalysis ICXOM20

J. Gobrecht

- Head of the Institute of Polymer Nanotechnology, University of Applied Sciences
Nordwestschweiz, Brugg/Windisch, Switzerland

- Vice Director Technology of the Swiss Nanoscience Institute at the University of Basel
- Member of the board of the Swiss Micro- and Nanotechnology Network
- Member of the Scientific Advisory Board, HeiQ Materials AG, Bad Zurzach, Switzerland

- Member of the advisory board of the Nano-Europe Conference, Rapperswil, Switzerland,
2008

- Member of the board of directors, Eulitha AG, 5232 Villigen PSI

- Member of the jury for the “Férderpreis fur Jungunternehmen” of the “W. A. de Vigier
Foundation”, Solothurn, Switzerland

- Swedish Science Counsel, reviewer for strategic grant application “Nanoscience and
Nanotechnology”, Stockholm, 05.2009

- External thesis reviewer, H.H. Cheng, Univ. of Canterbury, Christchurch, New Zeeland,
2009

- Member of the management team of i-net Basel Nano, and leader of innovation circle
“Nanofabrication” within i-net Basel Nano

- Member of the proposal review committee, Karlsruhe Nano- and Micro-Facility in the
Karlsruhe Institute of Technology
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L.Heyderman

Member of the Advisory Committee of the IEEE Magnetics Society
MNEZ2009, International Program Committee

20th International Colloquium on Magnetic Films and Surfaces (ICMFS) Student Award
Committee

S.L. Johnson

Member of the International Programme Committee, European XFEL Femtosecond X-Ray
Experiments Workshop, Budapest, Hugary, 9-11.12.2009

T.A.Jung

Priority Program of the ‘Deutsche Forschungs Gemeinschaft’ SPP 1243 "Quantum
transport at the molecular scale": Review Panel Member

Scientific Committee for New and Emerging Health Risks (SCENIHR) of the Health and
Consumers Directorate General of the European Commission

Scientific Advisory Board for the European Physical Journal
Editorial Advisory Board of the Europhysics News

Steering Committee, Annales Henry Poincare

F. Nolting

L

Member of the Proposal Review Committee of Soleil, France

Member of DEIMOS beamline review committee, Soleil, France

. Patthey

Chairman of the Local Organisation Committee, International Workshop on Strong
Correlations and Angle-Resolved Photoemission Spectroscopy CORPESOQ9, Zirich,
Switzerland, 19-24.07.2009

Member of the International Program Committee, International Workshop on Strong
Correlations and Angle-Resolved Photoemission Spectroscopy CORPESO09, Zirich,
Switzerland, 19-24.07.2009

Member of the International Program Committee, CORPES11, Berkley, USA
Member of UWG for beamline 105-ARPES at Diamond Light Source, UK

C. Quitmann

Member of the International Program Committee of the X-Ray Microscopy Conference
Series

Member recruitment committee for soft uscopy Beamline Scientist, SOLEIL, St. Aubin,
France

Science Advisory Committee of Diamond Light Source Ltd., Didcot, UK.
Science Advisory Committee of ALBA Synchrotron Light Facility, Barcelona, Spain.

Member of the program committee for XRMS10 - 10th International Workshop on X-Ray
Spectroscopy of Magnetic Solids.

Programme Committee of PSI Summer School on Condensed Matter Research, Zuoz,
Switzerland.

T. Schmitt

Member of the Organization Committee, Workshop on Soft X-ray Scattering - satellite
meeting of ICESS-11, National Synchrotron Radiation Research Center, HsinChu, Taiwan,
12-13.10.2009

C. Schulze-Briese

PSI Research Commission (FoKo), Villigen, Switzerland

ESRF Proposal Review Committee (Methods and Instrumentation), Grenoble, France
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- PETRA3 P11 beamline review, Hamburg, Germany

- EMBL@PETRAS3 Scientific Advisory Board, Hamburg, Germany

- ESRF Beamline Review and Upgrade Committee (ID30), Grenoble, France

- Recruitment committee for PROXIMA 2 Beamline Scientist, SOLEIL, St. Aubin, France
- SRI2009 International Program Committee, Melbourne, Australia

H. Sigg

Member of the Intern. Advisory Committee of the International Conference on the Physics
of Quantum Wells, ITQW2009

M. Stampanoni

- Member of ESRF-PRC-MD Panel, the European Synchrotron Radiation Facility
Program Review Committee, Medical Applications Panel

U. Staub

- Executive committee member of the Swiss Physical Society (representative for condensed
matter physics)

- Member of the Proposal Review Panel of FLASH
J.F. van der Veen
- Science Advisory Committee of Elettra, Trieste.

- Scientific Committee for Inorganic and Analytical Chemistry, Science Foundation, Flanders,
Belgium.

- Chairman of Programme Committee of PSI Summer School on Condensed Matter
Research, Zuoz, Switzerland.

- Scientific Advisory Committee of HERCULES, Grenoble.
- Chairman of Science Advisory Committee of the Advanced Light Source, Berkeley, USA

- International Advisory Committee of the International Conference Series on Synchrotron
Radiation Instrumentation.

- Science Advisory Committee of Synchrotron SOLEIL, Gif-sur-Yvette, France
- Science Advisory Committee of APS, Argonne, USA
- Science Advisory Committee of ANKA, Karlsruhe, Germany

- Advisory Committee of the International Conference Series on Surface X-Ray and Neutron
Scattering.

- Steering Committee CCMX, Competence Centre for Materials Science and Technology,
ETH, Switzerland.

- Steering Committee NCCBI, National Competence Center in Biomedical Imagine, ETH,
Switzerland.

- Science Advisory Committee for the Van der Waals-Zeeman Instituut, University of
Amsterdam, The Netherlands.

- Member of Committee advising the Bundesministerium fir Bildung und Forschung (BMBF)
on research with photons in Germany

- Science Advisory Committee of National Synchrotron Radiation Research Center, Hsinchu,
Taiwan.

- Committee advising on investments in chemical sciences, NWO, The Netherlands

- Advisory committee of the Swiss Nanoscience institute

PATENTS

B. Schmitt, A. Bergamaschi, A. Mozzanica
X-ray detector with integrating readout chip for single photon resolution
European patent application 2009P09800EP
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S. Tsujino, E. Kirk
Method to produce a field-emitter array with controlled apex sharpness
Patent # W0O/2009/156242



LIST OF PUBLICATIONS 2009 (PEER REVIEWED)
Condensed Matter Research with Neutrons and Muons

NUM, CMT, User-office

Andreasson BP, Janousch M, Staub U, Todorova T, Delley B, Meijer Gl, Pomjakushina E
Detecting oxygen vacancies in SrTiO3 by 3d transition-metal tracer ions
Physical Review B 80, 212103 (2009)

Belonoshko AB, Derlet PM, Mikhaylushkin AS, Simak SI, Hellman O, Burakovsky L, Swift DC,
Johansson B

Quenching of bce-Fe from high to room temperature at high-pressure conditions: a molecular
dynamics simulation

New Journal of Physics 11, 093039 (2009)

Bitzek E, Brandl C, Weygand D, Derlet PM, Van Swygenhoven H

Atomistic simulation of a dislocation shear loop interacting with grain boundaries in
nanocrystalline aluminium

Modelling and Simulation In Materials Science And Engineering 17, 055008 (2009)

Brandl C, Derlet PM, Van Swygenhoven H
Strain rates in molecular dynamics simulations of nanocrystalline metals
Philosophical Magazine 89, 3465 (2009)

Carter DJ, Puckeridge M, Delley B, Stampfl C
Quantum confinement effects in gallium nitride nanostructures: ab initio investigations
Nanotechnology 20, 425401 (2009)

Chiesa S, Derlet PM, Dudarev SL

Free energy of a << 110 >> dumbbell interstitial defect in bcc Fe: Harmonic and anharmonic
contributions

Physical Review B 79, 214109 (2009)

Chiesa S, Derlet PM, Dudarev SL, Van Swygenhoven H

Atomistic calculation of elastic constants of alpha-iron containing point defects by means of
magnetic interatomic potentials

Journal of Nuclear Materials 386, 49 (2009)

Chiesa S, Gilbert MR, Dudarev SL, Derlet PM, Van Swygenhoven H

The non-degenerate core structure of a 1/2 < 111 > screw dislocation in bcc transition metals
modelled using Finnis-Sinclair potentials: The necessary and sufficient conditions
Philosophical Magazine 89, 3235 (2009)

Cormary B, Malfant I, Valade L, Cointe MBL, Toupet L, Todorova T, Delley B, Schaniel D,
Mockus N, Woike T, Fejfarova K, Petricek V, Dusek M

[Ru(py)(4)CI(NO)](PF6)(2)center dot 0.5H(2)O: a model system for structural determination and
ab initio calculations of photo-induced linkage NO isomers (vol 65, pg 612, 2009)

Acta Crystallographica Section B-Structural Science 65, 787 (2009)

Cui XY, Delley B, Freeman AJ, Stampfl C
First-principles investigation of Mn delta-layer doped GaN/AIN/GaN (0001) tunneling junctions
Journal of Applied Physics 106, 043711 (2009)

Derlet PM, Gumbsch P, Hoagland R, Li J, McDowell DL, Van Swygenhoven H, Wang J

Atomistic Simulations of Dislocations in Confined Volumes
Mrs Bulletin 34, 184 (2009)
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Derlet PM, Van Petegem S, Van Swygenhoven H
Vibrational properties of grain boundaries in nanocrystalline Ni using second moment potentials
Philosophical Magazine 89, 3511 (2009)

Dudarev SL, Boutard JL, Lasser R, Caturla MJ, Derlet PM, Fivel M, Fu CC, Lavrentiev MY,
Malerba L, Mrovec M, Nguyen-Manh D, Nordlund K, Perlado M, Schaublin R, Van Swygenhoven
H, Terentyev D, Wallenius J, Weygand D, Willaime F

The EU programme for modelling radiation effects in fusion reactor materials: An overview of
recent advances and future goals

Journal of Nuclear Materials 386, 1 (2009)

Dudarev SL, Derlet PM, Bullough R

The magnetic origin of anomalous high-temperature stability of dislocation loops in iron and iron-
based alloys

Journal of Nuclear Materials 386, 45 (2009)

Elsener A, Politano O, Derlet PM, Van Swygenhoven H

Variable-charge method applied to study coupled grain boundary migration in the presence of
oxygen

Acta Materialia 57, 1988 (2009)

Fronzi M, Piccinin S, Delley B, Traversa E, Stampfl C

Water adsorption on the stoichiometric and reduced CeO2(111) surface: a first-principles
investigation

Physical Chemistry Chemical Physics 11, 9188 (2009)

Fronzi M, Soon A, Delley B, Traversa E, Stampfl C

Stability and morphology of cerium oxide surfaces in an oxidizing environment: A first-principles
investigation

Journal of Chemical Physics 131, 104701 (2009)

Li L, Anderson PM, Lee MG, Bitzek E, Derlet P, Van Swygenhoven H
The stress-strain response of nanocrystalline metals: A quantized crystal plasticity approach
Acta Materialia 57, 812 (2009)

Medarde M, Dallera C, Grioni M, Delley B, Vernay F, Mesot J, Sikora M, Alonso JA, Martinez-
Lope MJ

Charge disproportionation in RNiO3 perovskites (R=rare earth) from high-resolution x-ray
absorption spectroscopy

Physical Review B 80, 245105 (2009)

Meier F, Petrov V, Guerrero S, Mudry C, Patthey L, Osterwalder J, Dil JH
Unconventional Fermi surface spin textures in the BixPb1-x/Ag(111) surface alloy
Physical Review B 79, 241408 (2009)

Posternak M, Baldereschi A, Delley B

Dissociation of Water on Anatase TiO2 Nanoparticles: the Role of Undercoordinated Ti Atoms at
Edges

Journal of Physical Chemistry C 113, 15862 (2009)

Rotaru GM, Roessli B, Amato A, Gvasaliya SN, Mudry C, Lushnikov SG, Shaplygina TA
Spin-glass state and long-range magnetic order in Pb(Fe1/2Nb1/2)O-3 seen via neutron
scattering and muon spin rotation

Physical Review B 79, 184430 (2009)

Ryu S, Mudry C, Hou CY, Chamon C

Masses in graphenelike two-dimensional electronic systems: Topological defects in order
parameters and their fractional exchange statistics

Physical Review B 80, 205319 (2009)
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Schaniel D, Woike T, Behrnd NR, Hauser J, Kramer KW, Todorova T, Delley B

Photogeneration of Nitrosyl Linkage Isomers in Octahedrally Coordinated Platinum Complexes in
the Red Spectral Range

Inorganic Chemistry 48, 11399 (2009)

Schlappa J, Schmitt T, Vernay F, Strocov VN, llakovac V, Thielemann B, Ronnow HM, Vanishri
S, Piazzalunga A, Wang X, Braicovich L, Ghiringhelli G, Marin C, Mesot J, Delley B, Patthey L
Collective Magnetic Excitations in the Spin Ladder Sr14Cu24041 Measured Using High-
Resolution Resonant Inelastic X-Ray Scattering

Physical Review Letters 103, 047401 (2009)

Schnyder AP, Mudry C, Gruzberg IA

The superspin approach to a disordered quantum wire in the chiral-unitary symmetry class with
an arbitrary number of channels

Nuclear Physics B 822, 424 (2009)

Shi M, Bendounan A, Razzoli E, Rosenkranz S, Norman MR, Campuzano JC, Chang J, Mansson
M, Sassa Y, Claesson T, Tjernberg O, Patthey L, Momono N, Oda M, Ido M, Guerrero S,

Mudry C, Mesot J

Spectroscopic evidence for preformed Cooper pairs in the pseudogap phase of cuprates

EPL 88, 27008 (2009)

Soon A, Cui XY, Delley B, Wei SH, Stampfl C

Native defect-induced multifarious magnetism in nonstoichiometric cuprous oxide: First-principles
study of bulk and surface properties of Cu2-delta O

Physical Review B 79, 035205 (2009)

Todorova T, Krocher O, Delley B
DFT study of structural and vibrational properties of guanidinium derivatives
Journal of Molecular Structure-Theochem 907, 16 (2009)

Yang WL, Sorini AP, Chen CC, Moritz B, Lee WS, Vernay F, Olalde-Velasco P, Denlinger JD,
Delley B, Chu JH, Analytis JG, Fisher IR, Ren ZA, Yang J, Lu W, Zhao ZX, van den Brink J,
Hussain Z, Shen ZX, Devereaux TP

Evidence for weak electronic correlations in iron pnictides

Physical Review B 80, 014508 (2009)

CONFERENCE, WORKSHOP AND SEMINAR CONTRIBUTIONS

P. M. Derlet, N. Gao, M. Samaras, S. Chiesa, H. Van Swygenhoven, S. Dudarev, M. Gilbert,
Developing a semi-empirical potential for He in ferromagentic BCC FE
Invited talk in Fe-He Meeting, June 15, 2009, PSI, Switzerland

P. M. Derlet, R. Maal3, J. F. Loffler,

The vibrational properties of model bulk metallic glasses

Poster in Mechanical Behavior at Small Scales - Experiments and Modeling, MRS Fall Meeting
2009, Boston USA

Chr. Mudry

APS March meeting Pittsburg

Quantum Hall effect of massless Dirac fermions in a vanishing magnetic field

Kentaro Nomura, Shinsei Ryu, Mikito Koshino, Christopher Mudry, and Akira Furusaki
BAPS: B25.00001

Chr. Mudry

Quantum number fractionalization in condensed matter physics
SLS symposium on graphene, September 2009
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B. Delley and M. Posternak
Reaction path for dissociative water adsorption on nanostructured anatase (101) surface
APS March Meeting, Mar 18 2009 Pittsburgh USA

Francois Vernay,

Swiss Workshop on Materials with Novel Electronic Properties
August 2009, Les Diablerets, Switzerland

Francois Vernay,

Poster presentation @ CORPESO09, July 2009 Zurich

S. Guerrero
Ecole De Physique, Les Houches,
School an Modern theories of correlated electron systems, May 10-29, 2009

S. Guerrero
ICTP, Trieste, Summer College on Nonequilibrium Physics from Classical to Quantum Low
Dimensional Systems, July 6-24, 2009

S. Guerrero
MaNEP, Les Diablerets, Swiss Workshop on Materials With Novel Electronic Properties,
August 26-28, 2009

PROCEEDINGS

B. Delley and M. Posternak

Reaction path for dissociative water adsorption on nanostructured anatase (101) surface
APS March meeting Pittsburg

BAPS: Q12.00003

F. Vernay and B. Delley
Multiplets and Crystal Fields: Systematics for X-Ray Spectroscopies
APS March meeting Pittsburg BAPS: W10.00013

J. Schlappa, T. Schmitt, F. Vernay, V.N. Strocov, B. Thielemann, H.M. Ronnow, J. Mesot, B.
Delley, L. Patthey, V. llakovac

Collective spin-excitations in Cu L and O K edge Resonant Inelastic X-ray Scattering on
Sr14Cu24041

APS March meeting Pittsburg BAPS: B32.00005

X.-Y. Cui, A. Soon, B. Delley, S.-H. Wei, C. Stampfl
Muiltifarious-magnetism in copper oxide nanostructures from first-principles
APS March meeting Pittsburg BAPS: H32.00013

M. Lavagnini, M. Baldini, A. Sacchetti, D. Di Castro, B. Delley, R. Monnier, J.H. Chu, N. Ru, |.R.
Fisher, P. Postorino, L. Degiorgi

Evidence for coupling between charge-density-wave and phonons in two-dimensional rare-earth
tri-tellurides

APS March meeting Pittsburg BAPS: H41.00005

Katawut Chuasiripattana Oliver Warschkow, Bernard Delley, Cathy Stampf,

First principles study of Cu on Zn(0001): Resolution of the (ﬁ A3 )— R30° - Cu/ZnO(0001)

surface phase
APS March meeting Pittsburg BAPS: K1.00199

Katawut Chuasiripattana, Oliver Warschkow, Bernard Delley, Cathy Stampfl

Atomic structures and energetics of methanol and its reaction intermediates on the ZnO(0001)
surface : A first-principles study

APS March meeting Pittsburg BAPS: T12.00001
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Steve Johnston, Francois Vernay, and T. P. Devereaux

The Impact of an Oxygen Dopant in an ideal Bi,Sr,CaCu,0g.s Crystal
APS March meeting Pittsburg

BAPS: P34.00007

INVITED TALKS

P. Derlet
Developing semi-empirical atomistic models for ferromagentic BCC Fe
Seminar Talk, University of Poitiers, Poitiers, France, July 21st 2009

P. Derlet
Developing semi-empirical atomistic models for ferromagentic BCC Fe
Seminar Talk, Technical University of Darmstadt, Darmstadt, Germany, July 6th 2009

P. Derlet
Atomistic modelling of steels
Seminar Talk, Fraunhofer-Institut fiir Werkstoffmechanik, Freiburg, Germany, July 3rd 2009

Christopher Mudry,
Topological qubits in graphene-like systems
Universite Paris-Sud, Laboratoire de physiques des solides, December 2009.

Christopher Mudry,
Quantum number fractionalization in condensed matter physics
EPFL, September 2009

B. Delley
DFT studies from molecules to surfaces, solids and liquids with DMol3
Theory Meets Industry, Nov 12 2009, Nagoya Japan.

Francois Vernay
GDR Materiaux et Interactions en COmpetition (MICO)
Aspet, France october 2009

Francois Vernay
RIXS Workshop, ESRF, Grenoble, june 2009

Francois Vernay
Condensed matter group seminar, ETHZ, Z\urich, june 2009

Francois Vernay
Condensed matter group seminar, Stanford University, march 2009

LECTURES AND COURSES

Dr. Peter Derlet

- Lecture series on Atomistic modelling of metals: introduction and application at the
Thematische Sommerschule vom Modell zum Experiment, 6-12 September, Uni Karlsruhe,
Germany
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Dr. Christopher Mudry
- Field Theory in Condensed Matter Physics, ETHZ

Dr. Bernard Delley
- Tutorial introduction into the theory of functinoal materials
PSI Summer School, Aug 2 2009 Zuoz

MEMBERSHIP IN EXTERNAL COMMITTEES

Dr. K. Clausen

- Member of the Board of NMI3 (since 2004)

- Member of the International Advisory Committee for The RIKEN-RAL Muon Facility

- Member of the Japan Spallation Neutron Source International Advisory Committee (NIAC)

Dr. B. Delley
- Advisary Board Electronic Structure Theory, EMRS conference series
- Psi-K network local orbital topical group

Dr. P. Derlet

- MRS Fall 2009 lead symposium GG organiser for Plasticity in confined volumes: simulations
and experiments, Boston, USA, 2009.

- Member of international advisory committee for EMMMOQ9: Electron microscopy and multi-
scale modelling, Zurich, Switzerland, 2009

AWARDS
Dr. B. Delley

- Fellow of the American Association for the Advancement of Science since 2009
- TDDFT knowledge transfer, industrial contract with Accelrys
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Condensed Matter Research with Neutrons and Muons

Laboratory for Particle Physics (LTP)

LIST OF PUBLICATIONS (PEER REVIEWED)

Aaron FD, Abramowicz H, Abt I, Adamczyk L, Adamus M, Martin MA, Alexa C, Alimujiang K,
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