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Dear Reader,
The three greatest challenges facing our society today are to fi nd 
a secure, climate-neutral supply of energy, to provide an aff ord-
able way of maintaining health for a population that is growing 
older and older, and to preserve an environment in sound work-
ing order to pass on to our descendants. 
Scientists around the world are developing novel industrial 
processes and innovative instruments and materials, as well as 
new drugs, to help achieve these goals, but we can only purpose-
fully look for innovation 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 eff ective drugs to combat it, which have 
minimal side eff ects. 
However, basic research is not simply a systematic precursor to 
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 our understand-
ing of the world around us. 
At the Paul Scherrer Institute, we carry out both fundamental and 
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 problems in physics, chemistry, biology and the materials 
sciences can only be solved by carrying out experiments on 
large-scale research 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 SμS muon source, which are both 
powered by a proton accelerator, together with the Swiss Light 

Source SLS. About 2000 researchers from Switzerland and many 
other countries take the opportunity of carrying out experiments 
here every year, which is why we also call PSI a “User Laboratory”.

User Laboratory worthy of a Nobel Prize 

Venkatraman Ramakrishnan from the MRC Laboratory of Mo-
lecular Biology in Cambridge, UK, has been taking measurements 
regularly at PSI since 2003. Three of the important publications 
that led the Nobel Prize Committee to award the 2009 Nobel Prize 
for chemistry to Ramakrishnan – together with two colleagues 
– were based on measurements he obtained at the SLS, and on 
experiments at other synchrotron facilities. Ramakrishnan is just 
one of many who are happy to return repeatedly to PSI. In fact, 
1225 applications were made for measurement time in 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 off er 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 

PSI is currently carrying out intensive research into a new large-
scale facility. This will be available to scientists from 2016 and 
will make 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.
Our specialists are now using the expertise they acquired at the 
facilities operating today to develop a facility that is techno-
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logically unique and will set new international standards. Sci-
entists at PSI 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, in the USA, while the other two – one in Europe and 
one in Japan – 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 
scientifi c applications of the SwissFEL has been compiled in 
close collaboration with approximately 25 university research 
groups. At the same time, PSI 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 
useful instrument for strengthening the framework for such col-
laboration. 
There is 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-
ing academic teaching, but can also take on the required role of 
bridge-builder between the universities, PSI and their specifi c 
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 fi ve 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 fi elds 
of solid-state physics, particle physics, structural biology, radio 
chemistry, radiopharmaceutical technology and heterogeneous 
catalysis. 
In 2009, a total of 44 scientists from PSI acted as full, associate 
or honorary professors, or lecturers. Most of this activity took 
place at ETHZ and EPFL, but PSI staff  also lectured at the Univer-
sities of Zurich, Basel, Bern, Geneva, Groningen, Tübingen and 
Freiburg im Breisgau, as well as at the University of Applied Sci-
ences Northwestern Switzerland. About 40 additional PSI scien-
tists also undertook lecturing assignments at various other in-
stitutions of higher education.
Fruitful interaction between universities and research institutes 
can only be established on a long-term basis if both sides ben-
efi t from the co-operation. The high scientifi c quality of the re-
search performed at PSI 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 off er 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 
own research fi elds, and providing them with systematic support.
If your reading of this Scientifi c Report has made you want to learn 
more about us, please visit our new website at: www.psi.ch.

 Professor Dr. Joël Mesot
 Director, Paul Scherrer Institute
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The next large facility to be built at PSI, an X-ray free-electron laser, 
has a new name: “SwissFEL”. This replaces the former name, PSI-XFEL, 
still used in last year’s PSI Scientifi c Report. The name change has a 
twofold motivation: fi rstly, 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. SwissFEL is an essential 
part of PSI’s strategic focus, which will attract top scientists from all 
over the world and further enhance PSI’s acknowledged position as 
a world-class research institute. 
The project is progressing very well and, based on the SwissFEL Sci-
ence Workshop Series and with input from the PSI Departments and 
several review committees, the Scientifi c Case has now been com-
pleted and published. The offi  cial 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 fi le via 
the SwissFEL web 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 SwissFEL is prominently represented in the EuroFEL, which links 
complementary, national FEL facilities into a unique European 
Research Infrastructure, of which PSI became an offi  cial member on 
1 April 2009.

SwissFEL
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 new developments
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X-ray Free Electron Lasers (XFEL) will produce ultra-brilliant, 
ultra-short and highly coherent X-ray pulses, with specifi ca-
tions exceeding those of synchrotron sources by many orders 
of magnitude. Optimal use 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 

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. In a simple pump-probe experiment, 
a process such as a chemical reaction or magnetic switching 
is initiated (for example, by a short laser pulse) and, aft er a 
preset time delay, τ, the system is probed (for example, by the 
absorption or scattering of a SwissFEL X-ray pulse). Repeating 
identical measurements for diff erent values of τ allows the 
time-dependent process to 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 former allows separate, simulta-
neous measurements of the excited and the unexcited sample, 
hence reducing the eff ect of background scattering and shot-
to-shot intensity variations, while the latter provides a dif-
ferential dynamical measurement, over the short delay δt, 
which is less sensitive to variations in initial conditions.

Simulated split-pulse XPCS

A double-pulse probe-probe measurement of the changing 
coherent diff raction speckle pattern resulting from equilib-
rium fluctuations (Figure 2a) is called split-pulse XPCS [2]. 

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 diff raction imaging of individual 
nanostructures. A summary of potential scientifi c applications of the SwissFEL has been compiled in close col-
laboration with approximately 25 university research groups [1]. In preparation for novel experimental methods 
at the 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.

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. Kläui, Nanomagnetism research group, University 
of Konstanz, Germany 

Preparations for SwissFEL science

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 defl ected, respectively, 

by crystals [1] and by a grating/mirror combination. 

a)

b)
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Analysis of the doubly-exposed speckle pattern shows a high 
contrast (large pixel variance) for a delay which is short with 
respect to the correlation time, τc, and low contrast for a long 
delay (Figure 2b). Because the fi rst 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 result of a simulated experiment in which 
105 photons are distributed among a number of single-shot 
measurements of a pre-determined pixel variance (set to 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 effi  ciency 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 fi eld [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 
fi lm (along the y-axis). 

In Figures 3a) and b), the switching behaviour is shown for a 
single-cycle THz pulse, with a maximum fi eld strength B0 = 
6 T, applied along the x-axis. The resulting dynamics show 
eff ects during the pulse (Figure 3a) as well as long aft er the 
pulse is over (Figure 3b). Switching is found to occur for am-
plitudes as low as 0.3 T.
It has been suggested [5] that evidence for THz-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 
aft er transmission through a 600 nm permalloy fi lm. The 
abscissa gives the initial polarization direction. Current THz 
technology should be capable of resolving a Faraday angle 
of 0.2o. 

References
[1] B. D. Patterson, ed., PSI Bericht 09-10 (2009).
[2] C. Gutt et al., Optics Express 17 55 (2009).
[3] A. Oppelt et al., FEL-09 Proceedings, Liverpool, UK (2009).
[4] M. Shalaby et al., in preparation.
[5] L. Carr, private communication.

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.

Figure 3: Simulated magnetic switching induced by a 6 T THz 

pulse in a permalloy fi lm at short (a) and long (b) times. c): 

Faraday rotation angles predicted for THz signals of various 

amplitudes upon transmission by a 600 nm fi lm, as a function of 

the initial polarization direction.
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The main components of an X-ray free-electron laser are a low-
emittance electron injector, a linear accelerator, bunch com-
pressors and magnetic undulators, all of whose functionality 
was explained in the PSI Scientifi c 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 fi eld-emitter arrays, 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 from the LCLS injector at SLAC and 
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 other parts of the injector, including the fi rst 
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, investment cost and electrical effi  ciency. Based 
on these criteria, a normal conducting pulsed linac has been 
chosen, working at a repetition frequency of 100 Hz and an RF 
frequency of 5.7 GHz. This is similar to the SCSS FEL project in 
Japan, where the linac technology for this frequency band has 
been pioneered for large-scale installations. SwissFEL will be 
the fi rst 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 eff ort has been put into the electron beam dynamics, 
optics and diagnostics. Here, fi nal machine performance and 
overall compactness were the key criteria. These eff orts, to-
gether with the choice of linac technology, allowed a substan-
tial reduction to be made in the overall SwissFEL facility length, 
from the 930 m described in the 2008 PSI Scientifi c Report to 
704 m. In the new baseline design, only two undulator lines 
remain: ARAMIS, for the 1–7 Å wavelength range, and ATHOS, 
for the 7–70 Å range. The PORTHOS line, which was still being 
considered in the 2008 report, has been abandoned for cost 
reasons. For ARAMIS, an in-vacuum, planar, permanent-
magnet undulator operating at room temperature with 15 mm 
undulator period will be used, while ATHOS employs a perma-
nent-magnet, room temperature, APPLE II-type undulator with 
40 mm period length. The latter allows X-rays to be produced 
in the ATHOS line with full polarization control. The consolida-
tion of a baseline design allowed the overall building layout 
to be refi ned and optimised. One of the major modifi cations 
made to the layout is to place the technical gallery, with the 
RF power sources, in a surface building, while the accelerator 
proper stays in an underground tunnel. Moreover, a new posi-
tion in the forest of Würenlingen, near to the eastern part of 
the existing PSI site, has been chosen as the preferred Swiss-
FEL location, aft er considering optimum machine conditions.

The baseline design of SwissFEL was defi ned 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 
being retained and will be integrated once feasibility is proven. A large proportion of the investment for SwissFEL 
has to be spent on civil engineering. Once the buildings are constructed, however, modifi cations for later exten-
sions are diffi  cult and costly. Therefore, the whole building concept and building site have been re-considered, 
adapted to the baseline design and optimized.

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

SwissFEL accelerator
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Total length: ca. 700 Meters

Electrons are 
extracted from a metal

with help of a laser
and are forced into
compact electron 

bunches.

These bunches are 
accelerated to very 
high speed.

The electron bunches are forced 
to follow a wave-like course. During 
this process, X-rays are produced.

The X-rays are used
for the experiments.

X-rays and electrons
are separated from
each other.

Cross-section experimental hall ATHOS 
in direction of the beam.

Cross-section technical infrastructure
against direction of the beam.

Accelerator tunnel in direction of the undulator
and experimental hall.

Injector

Electron Accelerator

Undulator

ARAMIS experiments

ATHOS experiments

Figure 1: Schematic drawing of the SwissFEL. 

SwissFEL facility with beamline tunnel, experimental hall and infrastructure



M. Pedrozzi, H.H. Braun, R. Ganter, C. Hauri, SwissFEL project, PSI; V. Arsov, B. Beutner, M. Bopp, A. Citterio, 
M. Brönnimann, 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. Sanfi lippo, T. Schietinger, 
T. Schilcher, V. Schlott; L. Schulz, B. Steff en, L. Stingelin , W. Tron, E. Zimoch, J. Wickström, F. Wei, A. Wrulich; 
Department of Large Research Facilities (GFA), PSI; P. Heimgartner R. Künzi; Logistics Department (LOG), PSI

The SwissFEL concept involves a number of sophisticated 
technologies, requiring a dedicated R&D and prototyping 
phase preceding the fi nalization of the design, its industri-
alization and large series production. With this perspective 
and according to the SwissFEL baseline design, PSI is pres-
ently building a 60 m-long accelerator test facility, reproduc-
ing the fi rst acceleration section of SwissFEL [1 ]. This injector 
test facility must serve two main purposes: fi rstly, it provides 
a tool for verifying 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 in the 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 

will lead to a thermal emittance below 0.2 mm.mrad. Enough 
space in the gun area has, however, been reserved to accom-
modate possible alternative electron source confi gurations, 
such as the Low Emittance Gun presently being investigated 
at the PSI gun test facility [3].
Four S-band travelling-wave accelerating structures will boost 
the energy to approximately 250 MeV and generate a time/
energy correlation along the electron bunch. Before injection 
in a magnetic bunch 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 
dedicated to the beam characterization of projected and slice 
beam parameters. 
It is foreseen that beam development activities will start by 
the end of February 2010, with the commissioning of the 
electron source. The fi rst few metres of the facility together 
with its technical infrastructure 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 

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 aft er delivery of the new injector building in 
April 2009 and will culminate with the commissioning of the linac accelerator in 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. 

SwissFEL injector test facility

12 SwissFEL PSI Scientifi c Report 2009

Figure 1: Schematic of the 250 MeV Injector test facility.

Acceleration (S-band)  

Compression 

FODO cells 

Deflecting 
cavity 2 

(S-band)  
Harmonic cavity 

 (X-band)  

dipole quadrupole BPM+screen screen 
Deflecting 

cavity 1 
(S-band)  

Diagnostic section  S-Band RF gun 



reason it must be studied carefully to ensure good FEL perform-
ance. During gun tests, the assembly of the remaining injector 
components will continue behind a temporary concrete shield. 
In summer 2010, the electron source will be connected to the 
linac to enable the commissioning of the full facility. An exten-
sion of the facility, by integrating an undulator line for seeding 
experiments parallel to the diagnostic section, is presently 
under evaluation for the 2012 time horizon.
The lattice of the injector test facility was optimized by means 
of start-to-end simulations [4], to fulfi l SwissFEL requirements. 
The simulated beam parameters aft er the bunch compression 
chicane are briefly summarized in Table 1 for high-charge and 
low-charge modes of operation. These results provide a 
safety margin, with respect to the maximum specifi ed slice 
emittances for SwissFEL of more than 25%. 
The laser, RF and 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 

distribution system within the test facility program, aiming 
for time jitters below 10 fs [5].
Besides accelerator component development, PSI is acquiring 
new hardware for the magnetic characterization of the ac-
celerator optics. A measuring system constructed by CERN, 
using a flux integrating 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 fi eld, 
gradient strength and high-order harmonics of the injector 
magnets [7]. Modifi cations to the test bench are now in 
preparation, to determine the off set between the geometric 
and magnetic axes with an accuracy of 50 μm. A refi ned mole 
version suitable for the small aperture (∅ >20 mm) quadru-
pole foreseen for SwissFEL is presently under development 
at CERN, to be tested at PSI at the start of 2011. 
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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 2: Electron source and the fi rst few metres of transport 

line in the injector tunnel.

Figure 3: The accelerator tunnel in the dedicated injector 

building.



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. Steff en, 
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 
still in 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-
tance is 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 a free-electron laser facility, since the emittance degradation 
during the fi rst few meters of acceleration usually gives an up-
per limit on the fi nal beam brightness. The goal of this test stand 
is thus to 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 
cavity at 1.5 GHz. The diode is 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 diff erent 
wavelengths in the range from 262 nm to 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 aft er the anode iris. The two-cell RF 
cavity [3] is fed with an RF input power of up to 5 MW with 5 μs 
pulses, corresponding to an accelerating gradient of up to 
45 MV/m. The repetition rate is 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 
is to provide electron bunches of 200 pC charge at 5 MeV, with 
the lowest possible emittance. 
Simulations of the installation were performed with ASTRA [4]. 
At the 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 
eff ects. In order to partially compensate for this eff ect, a so-
called hollow cathode geometry was used, which provides 
non-linear electrostatic focusing [5]. To preserve the emittance 

Figure 1: Schematic of the diode and RF cavity gun test stand installed at PSI.
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aft er the anode iris, it is important to 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 profi le 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. In order 
to take into account only the core part of the beam, side beam-
lets, which contribute less than 10% of the total charge, are 
eliminated.
A comparison between measured emittance and simulated 
values is presented in Figure 3. Simulations are in good agree-
ment with measurements. The error bars come from the uncer-
tainty in defi ning the background level and the beam bounda-
ries. The emittance achieved for the nominal 200 pC beam 
charge is 1.9±0.3 mm.mrad. This value was obtained with laser 
pulses having a Gaussian time profi le of σt,laser = 4.2 ps (rms) 
duration. From simulations, we expect that the emittance will 
be reduced to ~1 mm mrad when using a square-shaped laser 
time profi le (0.7 ps rise/fall times and 10 ps duration). Accord-
ing to simulation, an increase of the gradient at the diode (600 
kV; 4 mm gap), together with some geometrical modifi cation, 

should fi nally bring the emittance down to around 0.4 mm.mrad 
for 200 pC. This is the goal for the coming months. 
In parallel to high-charge operation, important progress was 
made in the measurement and reduction of the intrinsic beam 
emittance at the cathode surface (thermal emittance). The in-
trinsic emittance is the ultimate lower limit in beam emittance 
that can be obtained for a given cathode material, surface 
electric fi eld and laser wavelength. The intrinsic emittance is 
proportional to the laser spot diameter [7]. We have measured 
this for charges below 1 pC, for diff erent laser spot sizes, to fi nd 
its dependence on laser spot size (per mm rms) (see Figure 4). 
Two diff erent techniques (pepperpot and solenoid scan) gave 
0.37±0.05 mm.mrad per mm laser spot size (rms) for a laser 
wavelength of 282 nm incident on a copper cathode (Figure 4). 
The normalized intrinsic emittance depends only on the diff er-
ence between the eff ective work function (defi ned by cathode 
material and surface electric fi eld) 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 eff ect due to the applied electric fi eld 
(~25 MV/m) reduces the barrier further to around 4.15 eV. The 
initial kinetic energy of emitted electrons is about 0.25 eV when 
using 282 nm photons (4.4 eV). 

References
[1] B. D. Patterson, “SwissFEL Science Case”, 

Report No. 09-10, PSI, Switzerland (2009).
[2] C. Hauri et al., FEL-09 Proceedings, Liverpool, UK, 2009.
[3] K. Li, Thesis No. 18168, ETH Zurich (2008).
[4] Astra User Manual, http://www.desy.de/mpyflo/

Astradokumentation/
[5] R. Ganter et al., FEL-09 Proceedings, Liverpool, UK 

(2009).
[6] C. Wang et al., Phys. Rev. ST Accel. Beams 10 104201 

(2007).
[7] D. H. Dowell and J. F. Schmerge, PRSTAB 12 074201 (2009).

PSI Scientifi c Report 2009 SwissFEL 15

Figure 2: Measured electron beam transverse profi le and corre-

sponding pepper-pot picture (13 pC, 5.1 MeV, 0.23 mm.mrad).

Figure 4: Intrinsic emittance per mm laser spot size (rms) versus 

the laser photon energy (Q < 1 pC, 5 MeV, 300 kV, 6 mm).

Figure 3: Normalized projected emittance at 5 MeV (6 mm gap, 

300 kV pulser voltage, 6.72 A/mm2 current density, 4.2 ps (rms) 

laser duration). 





A selection of research results and developments in scientifi c re-
search methods is presented in this report. SLS scientists have de-
veloped a method for producing 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. 
In energy research, advances in the use of renewable energies include 
linking wood gasifi cation 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. Computer model-
ling is contributing to a better understanding of processes in 
materials used in nuclear power plants, while a particular example 
of interdisciplinary research is a new measurement of the half-life of 
60Fe, 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 fi nal concept for the patient positioning system, 
incorporating an innovative X-ray alignment system. 
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Photons for fun? Much more than that!

J. Friso van der Veen, Synchrotron Radiation and Nanotechnology Department, PSI, 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 
in structural biology, drugs development, biomedical imaging, 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 SLS is internationally a front runner as 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 reported in 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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of the ribosome at high resolution (see below), the nanome-
tre-scale diagnosis of dental caries, understanding the 
mechanism of the catalytic oxidation of CO in a catalyst under 
working conditions (important for automotive and fuel cell 
applications) and even the making of a fast (femtosecond) 
movie of moving atoms in a solid following a short laser pulse. 
The research examples presented in this Scientifi c Report 
concisely illustrate the interdisciplinary character of synchro-
tron radiation research, where applications cover essentially 
all fi elds in the exact sciences and in engineering. Our unique 
strengths at PSI lie in the exploitation of synergies between 
diff erent 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 fi eld 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 PSI 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 of the most important activities at a 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 

seen another beautiful example: the Nobel Prize in Chemistry 
for the ‘Structure and Function of the 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 
Venki Ramakrishnan has been a regular user of the macromo-
lecular crystallography (MX) beamlines at the SLS. Their fi rst 
major result was obtaining the structure of the 70S ribosome 
from Thermus thermophilus in a pre-translocation state at a 
resolution of 2.8 Å, which allowed them to build an accurate 
model that 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 highest resolution 
ever obtained on 70S ribosomes [1]. Their most recent work 
[2], cited by the Nobel committee, benefi ted substantially 
from our PILATUS pixel detector, as well as from the high bril-
liance and beam stability off ered by the SLS. But equally im-
portant is 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 not only on their major breakthroughs 
in ribosome research but also for putting synchrotron crystal-
lography again so prominently on the world map of science.
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Figure 2: Inside the SLS 

experimental hall.
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The majority of products which we use in daily life are produced 
with a catalyst. These catalysts oft en consist of nano-sized 
transition-metal particles on a support, to increase the reac-
tive surface area and to decrease the total amount of transition 
metal used. Most, if not all, of these catalysts have been de-
veloped by trial and error. The rational design and synthesis 
of tailored catalysts and catalytic processes require an under-
standing of the structure-performance relationship. Determin-
ing the structure-performance relationship of nano-sized 
catalysts under catalytically relevant conditions, i.e. tem-
peratures between 100 and 900°C and pressures ranging 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, or a disordered oxide [3] or oxygen-covered surface 
[4] under atmospheric pressure. 
Interestingly, the oxidation of carbon monoxide shows oscil-
lating behaviour under specifi c conditions. On single crystal 
surfaces and under high vacuum, the surface structure of the 
catalyst oscillates between two states that show diff erent 
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 

space-resolved structure-performance relationship, we have 
identifi ed 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 

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 Zürich; Jan Stötzel, 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 identifi ed 
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.   

Towards understanding structure-performance 
relationships in catalysis

Figure 1: Plug fl ow reactor for in-situ XAS measurements. 
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diff erent positions in a packed-bed reactor (Figure 1). The 
conversion of CO was achieved by heating reduced Pt particles 
in a flow of O2 and CO at a molar ratio of 19:1 to 398 K. At this 
temperature, full conversion was observed.
Figure 2 shows the traces of CO2 and CO as detected in the 
mass spectrometer upon cooling of the plug flow reactor, 
starting at 398 K. Oscillations in the signal of CO2 were ob-
served. One oscillation was characterized by a slow decrease 
in the amount of CO2 followed by a sharp increase 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 CO2 production (IR data 
not shown), which is suddenly released during the sharp rise 
in CO2. The moment that the conversion decreased to below 
100%, a small increase in CO was observed, coinciding with 
a minimum in the CO2 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 spectrometer traces) had no eff ect on 
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 earlier observations [3]. On top of this decreasing oxidized 
platinum signal, an oscillation in the white-line intensity was 
observed which paralleled the oscillations in the CO2 signal. 
Within an oscillation, the decreased amount of CO2 at the 
exhaust was paralleled by a reduction of the catalyst. The 
sharp rise in CO2 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 
fi ne 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 Å, matching those of an oxide. The data are consistent 
with a metallic core and a shell of disordered platinum oxide. 
The catalyst at low activity has a Pt-Pt distance of 2.75 Å, which 
is indicative of bond relaxation of the small platinum particles 
in the presence of adsorbed CO.
We have thus identifi ed the reduction of the surface oxide, 
which enables the storage of CO on its surface (confi rmed by 
IR data, not shown), as being responsible for the oscillations. 
This stored CO is released in sudden ignition, which enables 
re-oxidation of the surface and caused the spike in CO2. The 
reduced surface with chemisorbed CO shows lower activity. 
This indicates that the amount of surface oxide matches the 
catalytic activity of the catalyst and is thus responsible for the 
catalytic conversion in the highly active state.  
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Figure 2: CO2 and CO mass spectrometer traces plotted with the 

Pt L3 white-line intensity measured in a plug fl ow reactor during 

the oscillating oxidation of CO. 

Figure 3: EXAFS spectra of Pt/Al2O3 taken at high activity (black, 

corresponding to point 1 in Figure 2) together with references of 

metallic Ru (blue) and Ru oxide (red).  
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Introduction

The experience of the Nobel Prize winner and SLS facility user 
Venkatraman Ramakrishnan shows that detector performance 
is indeed a key element for producing high-quality scientifi c 
results. Moreover, the success achieved by the PSI SLS detec-
tor group with the development of the MYTHEN [1] and PILATUS 
[2] detectors has motivated research for a much more ad-
vanced family of pixel detectors, EIGER, which addresses 
several needs highlighted by our user community. In particu-

lar, smaller pixels and faster frame rate (possibly with negli-
gible dead time) are considered to be the most crucial speci-
fi cation parameters.
As its predecessors, EIGER is 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 sensor and its readout chip are produced separately, and 
then every sensor pixel is connected via a microscopic indium 
ball to its corresponding pixel in the readout chip. 

Detector development has a long and successful tradition at PSI. The know-how that was built up during the 
design of the tracking pixel detector for the CMS experiment at CERN was put to profi t and led to the development 
of both strip and pixel detectors for the 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 (50μm strip 
pitch) tailored to the needs of powder diff raction; 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).

Roberto Dinapoli b, Beat Henrich a, Ian Johnson a, Lukas Schaedler a, Elmar Schmid b, Bernd Schmitt a, 
Akos Schreiber b, Dominic Suter a, Gerd Theidel b

a Swiss Light Source (SLS), b Research with Neutrons and Muons (NUM), PSI

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

Figure 1:  Original image of a bellfl ower (Campanula rotundifolia) and its X-ray absorption image (right).
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First step: an EIGER single-chip detector

The main shortcomings of the Pilatus detector are the pixel 
size and the dead time during readout, which limit the readout 
rate (frame rate). The EIGER detector is in every respect better 
than its ancestor PILATUS. A smaller pixel increases the image 
resolution, but also limits the number of transistors, and hence 
the functionality, that can be put on the pixel itself. With EIGER, 
the optimum between maximal functionality and minimal 
pixel size has resulted in 75μm × 75μm pixels. An array of 
256 × 256 pixels fi ts onto a 2cm × 2cm chip [3]. 
The fi rst test setup, a single chip bump bonded to a mono-
lithic single chip sensor, was commissioned in late August 
2009. In parallel, dedicated hardware, fi rmware and soft ware 
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 
and the NUM electronics and measurement systems group. The 
result of one of the fi rst 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-
nifi cant. 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 next image. 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-serializer for readout. A compromise of the 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, 
leading to a practically infi nite dynamic range (32 bits). Further-
more, the user will have the choice between diff erent counter 
depths (4, 8 or 12 bits). Depending on the counter depth, the 
EIGER can deliver frame 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 of the diff erent counter depths 
can be explained best with reference to the images of Figure 2. 
The X-ray absorption image of a moving fan is shown, using 
the three diff erent modes of operation. The left -most image 
was taken using the maximum counter depth of 12bit, with an 
exposure time of 125μs. The edges of non-moving parts show 
good sharpness, while the edges of the moving blade are 
smeared and the hole in the blade is drawn out. The image on 
the far right uses the 4bit mode and an exposure time of 45μs. 
This image appears very coarse-grained, but the moving parts 
are clearly less blurred. The 8bit mode with an exposure time 
of 85μs 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 aft er a series of exposures.  

Conclusions

System tests so far have shown that the EIGER system meets 
its specifi cations, 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. 

References
[1] A. Bergamaschi et al., Nucl. Instr. and Meth. Phys. Res. 

A 604 236-239 (2009).
[2] B. Henrich et al., Nucl. Instr. and Meth. Phys. Res. A 607 

247-249 (2009).
[3] R. Dinapoli et al., Nucl. Instr. and Meth. Phys. Res. A, 

in print,  doi:10.1016/j.nima.2009.10.043 (2009).

Figure 2: The blade of a rotating fan (100 Hz) recorded with 12bit counter depth, 125µs exposure time and 7.8kHz frame rate (left); 8bit 

counter depth, 85µs exposure time and 11.4kHz frame rate (center); and 4bit counter depth, 45µs exposure time and 20.8 kHz frame rate.
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Teeth are a marvel. Despite heavy use they may serve us for 
decades. Dental enamel is the hardest substance in the 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 example in 
bones, tendons, and skin. The excellence of this design can 
best be seen when a tooth is damaged, for example by a carious 
lesion. Dental fi llings do not reproduce the micro- and nano-
structure of teeth and thus cannot fully reproduce the stability 
and function of the original tooth. Healing rather than repairing 
would be the ideal solution, i.e. re-mineralising the enamel and 
restoring the original micro- and nano-structure.
Research in this direction faces a problem frequently encoun-
tered in biomedical research. For an understanding of biologi-
cal systems, information at all length scales is required, from 
the centimetre down to the nanometre range. Techniques such 
as computer X-ray tomography and optical microscopy produce 
invaluable overview images, but cannot resolve nanostructures. 
Other techniques, such as electron microscopy, have unrivalled 
resolving power, but are limited to small fi elds of view or even 
small samples. But are such small sample areas that are inves-
tigated with high resolution representative for the whole object? 
And where exactly in the coarse-scale overview picture does 
the high-resolution information need to be obtained? To answer 
these questions, a technique is required that images nano-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. But rather than producing an image, the information 
is averaged over the entire illuminated sample volume and 

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 exemplifi ed for human teeth with research aiming at 
new dental treatments. 

Oliver Bunka, Hans Deyhlea,b,c, Stefan Buserb,c, Gabriel Krastlb, Nicola U. Zitzmannb, Bernd Ilgensteinb, 
Andreas Menzela, Ana Diaza, Franz Pfeiff erd, Roland Weigerb, Bert Müllerb,c

a Synchrotron Radiation and Nanotechnology, PSI, Switzerland;
b School of Dental Medicine, University of Basel, Basel, Switzerland;
c Biomaterials Science Center, University of Basel, Basel, Switzerland;
d Department of Physics (E17), Technical University Munich, Garching, Germany

Scanning SAXS: Bridging the gap between 
coarse- and nano-scale microscopy

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. Θs reveals the orientation of the 

illuminated nanostructure. A typical measurement comprises 

several tens of thousands of SAXS data frames recorded within 

half an hour. 

X-ray
optics

sample

detector
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provided as reciprocal space data. A way to extend SAXS 
measurements to imaging is 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 soft ware for 
coping with the 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 flux is focused onto a spot of about 20 μm × 5 μm. 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 basis for a better understanding of the functioning of teeth 
and for the development of remineralization techniques to 
restore the natural micro- and nano-structure, rather than 
repairing it with artifi cial, less-perfect materials. 

Applications in several fi elds

Currently, scanning SAXS is mainly used for biomedical re-
search and materials science applications. However, a wider 
range of applications is anticipated for this newly emerging 
technique in the future. 
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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. 

PSI Scientifi c Report 2009 Research focus and highlights – Synchrotron light 25



Collective excitations in strongly correlated electron materials 
remain a pivotal challenge in contemporary solid-state phys-
ics. It is widely 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 ladder is easier 
to treat theoretically. It consists of two parallel chains (legs) 
with transverse (rung) exchange coupling. This system features 
a singlet ground-state and dispersive triplet excitations – so 
called triplons. As a result of instrument improvements [1], 

the technique of Resonant Inelastic X-ray Scattering (RIXS) [2] 
is gaining vastly in importance in studies of low-energy solid-
state phenomena, such as magnetic excitations. Recently, 
momentum transfer dispersive magnetic excitations have 
been investigated successfully in 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 
Sr14Cu24O41 has been studied by means of momentum-resolved 
high-resolution RIXS at the Cu L3 edge [4]. 

Collective excitations defi ne 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) 
effi  ciently 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 incident and inelastically scattered X-rays. The momentum transfer dispersion of magnetic excitations 
in the spin-ladder compound Sr14Cu24O41 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.

Thorsten Schmitt, Justine Schlappa, Vladimir N. Strocov, Luc Patthey, Laboratory for Synchrotron Radiation – 
Condensed Matter, PSI; Francois Vernay, Bernard Delley, Condensed Matter Theory Group, NUM, PSI; 
Henrik M. Rønnow, Xiaoqiang Wang, EPFL, Lausanne; Vita Ilakovac, Université Pierre et Marie Curie, Paris, 
France; Andrea Piazzalunga, Lucio Braicovich, Giacomo Ghiringhelli, Politecnico di Milano, Italy; 
Benjamin Thielemann, Laboratory for Neutron Scattering ETHZ and PSI; Joël Mesot, EPFL, ETHZ and PSI

Dispersion of magnetic excitations in a spin ladder 
using Resonant Inelastic X-ray Scattering

Figure 1: SAXES RIXS spectrometer at the ADRESS beamline.
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Momentum transfer dependent RIXS

The RIXS experiments were performed at the 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] (depicted in Figure 1), with a total resolution of better than 
120 meV at the Cu L3 edge. RIXS is a photon-in/photon-out 
spectroscopic method which measures the energy transfer to 
the electronic system between incident and inelastically scat-
tered X-ray photons. The momentum transfer q = k’ - k (k’ and 
k denote the wave vectors of scattered and incident X-ray light, 
respectively) to the eletronic system can be varied in such an 
experiment by varying the scattering geometry between inci-
dent and 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 transfer region of RIXS spec-
tra on Sr14Cu24O41 for diff erent momentum transfer along the 
ladder leg direction. For excitations close to the Cu L3 absorp-
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 phonons and, presum-
ably, magnetic excitations from the chains. The second peak 
occurs at fi nite 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 transfer along the leg direction. 
In Figure 3, a RIXS intensity map is displayed versus momen-
tum and energy transfer. The magnetic two-triplon modes 
appear here as a broad line, which disperses around the qc=0 
symmetry point. At qc=0, the line almost merges with the 
elastic peak and moves with larger qc towards higher energy 
losses. It reaches a maximum of about 320 meV close to 
qc=0.3×2π/cL, where it then folds back. At the same time, the 
width of the detected magnetic modes increases considerably 
towards the edges of the 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 probing the 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.

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 π polarized spectrum can be fi tted with two 

Gaussians; the residual is represented by the thin blue line. 
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Field-tuned quantum fl uctuations in a 
two-dimensional ordered antiferromagnet

Nikolay Tsyrulin, Laboratory for Neutron Scattering, PSI and ETH Zurich; Michel Kenzelmann, Laboratory 
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F. Xiao, Christopher Landee, Mark Turnbull, Clark University, Worcester, USA; Peter Link, Astrid Schneidewind, 
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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-
ics is important in frustrated and low-dimensional magnetism, leading to exotic and potentially useful properties 
in insulators and metals. We have experimentally quantifi ed quantum fluctuations in an ordered, two-dimen-
sional magnetic insulator and demonstrated that they can be tuned with magnetic fi elds. This is a fascinating 
example of the co-existence of frozen and dynamic quantum spin degrees of freedom.

Magnetism in condensed matter arises from the electron spin 
and from the 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 
eff ective magnetic interaction between localized magnetic 
moments. In most of these materials, such interactions favour 
anti-parallel alignment of the interacting moments. 
Interacting magnetic moments can lead to a static magnetic 
structure for temperatures that are below the energy scale of 
the dominant magnetic interactions. This was predicted by 
Néel in the 1930s and then observed with neutron scattering 
in the early days of research reactors. The order arises from 
magnetic mean fi elds that are generated by neighbours, and 
that restrict the quantum degree of freedom on a single site, 
leading to spontaneous symmetry breaking and a long-range 
magnetic order. 
However, some materials develop relatively weak mean fi elds, 
and the quantum nature of the magnetism moments is pre-
served to temperatures well below those where magnetic 
order is usually expected. This can happen for magnetic ma-
terials with low-dimensional or frustrated interaction topolo-
gies, where quantum fluctuations are strong and the number 
of nearest neighbours small. In some materials, magnetic 
order is completely avoided due to spin correlations that lead 
to quantum states with macroscopic coherence.

Quantum fl uctuations in low dimensions

Some of the best examples of macroscopic quantum magnets 
can indeed be found in low-dimensional, particularly in one-
dimensional, antiferromagnets. A case in point is the antifer-
romagnetic chain that is quantum critical at zero temperature 
and features deconfi ned spinon excitations for S=1/2 [1], but 
a spin liquid with gapped triplet excitations for S=1 [2]. 
In two dimensions, quantum eff ects 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 
that is not expected in the absence of quantum fluctuations 
and arises from short-range quantum fluctuations between 
nearest neighbours [3, 4].

Frustration enhanced quantum fl uctuations

We have investigated deuterated single crystals of the organo-
metallic insulator Cu(pz)2(ClO4)2 containing well-isolated Cu2+ 
planes [5]. Each Cu2+ ion in Cu(pz)2(ClO4)2 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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it was concluded that Cu(pz)2(ClO4)2 represents a S=1/2 2D 
square lattice antiferromagnet with nearest-neighbour ex-
change J=1.53(8) meV and a saturation fi eld of Hsat ~ 45 T. Due 
to small interplane interactions, Cu(pz)2(ClO4)2 adopts antif-
erromagnetic order below TN=4.2 K.
Using inelastic neutron scattering, we have measured the 
long-lived spin waves at zero fi eld. At the zone boundary, 
where the spin waves have a relatively short length scale, we 
observed a dispersion that reveals the presence of short-range 
quantum fluctuations (Figure 2a). However, the dispersion is 
larger than that expected for an S=1/2 square-lattice antifer-
romagnet with only nearest-neighbour exchange interactions. 
In addition, we found a relatively strong continuum of excita-
tions above the well-defi ned excitations for wave-vectors 
(π,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. This leads to a larger quantum-induced dispersion and 
also to an increase of continuum excitations. 

Field-tuned quantum fl uctuations

We applied magnetic fi elds nearly perpendicular to the square 
lattice planes and mapped the excitations as a function of 
magnetic fi eld. At a fi eld of H = 14.9 T, which is equal to one-
third of the saturation fi eld, 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 suffi  ciently small next-nearest neighbour in-
teractions, of the order of 2% of the dominant exchange in-
teractions. 
Our study shows that we can tune quantum fluctuations in an 
ordered antiferromagnet. While this is a coupling to an exter-
nally applied magnetic fi eld, similar fluctuations 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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Figure 1: Crystal structure of Cu(pz)2(ClO4)2 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.

Figure 2: Zone-boundary excitations, showing a dispersing 

long-lived excitation and a continuum for wave-vectors (π,0) 

in Cu(pz)2(ClO4)2. (π,0) corresponds to wave-vectors along the 

square edges, while (π/2,π/2) to diagonal wave-vectors.
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A well-established concept

Water flows from soil to roots following a negative gradient in 
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 
distant soil. In other words, water moves from wetter and more 
distant soil to the relatively dryer rhizosphere [1]. 
This concept is well known and is included, in various degrees 
of complexity, in models of root water-uptake. However, there 
are a few 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 fi rst few millimetres next 
to roots. This is true, of course, only if the soil around the roots 
is homogeneous, an assumption that all the existing models 
are based upon. These decreases in water potential and water 
content are extremely diffi  cult 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, off ers 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 15 × 15 × 1.5 cm. 
According to current concepts, water depletion should occur 
around the most active parts of the roots. Our goal was to 
image the temporal and spatial dynamics of such water deple-
tions.

Unexpected results

The measurements showed a diff erent story to that expected.  
Instead of observing water depletion around the roots, we 
observed an increase in water towards the roots, even though 
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 

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 aft er irrigation. 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 aft er irrigation. The observed dynamics have potential applications for 
improving water-use effi  ciency and crop production.   

Andrea Carminati, Ahmad B. Moradi, Helmholtz Centre for Environmental Research – UFZ, Leipzig, Germany and 
Peter Vontobel, Spallation Neutron Source, PSI, Switzerland 

On the way to roots: The journey of water across 
the soil-plant system

Figure 1: Neutron radiography of water distribution in a sample 

fi lled 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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gravity. Another surprise occurred when the samples were 
irrigated aft er a drying period of 5 days. We observed that the 
rhizosphere remained dry for the 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 aft er pres-
entation of these results. 
However, searching in the literature, we found similar results 
in studies on bacteria. Bacteria are surrounded by extracel-
lular polymeric substances (EPS) that act as a protective layer 
against desiccation and fast rewetting. EPS has a very high 
water-holding capacity and 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 roots is a very reason-
able hypothesis to 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 diff ers 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.

Signifi cance for root water uptake

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

bulk soil and rhizosphere were derived from the neutron ra-
diographs. We found that the rhizosphere, with its high water-
holding capacity, restrained water depletion next to roots and 
signifi cantly weakened the drop in water potential as the soil 
dried. Evidently, this favours water availability to plants dur-
ing drought, helping plants to survive in arid regions. In other 
words, plants have learned to modify their soil in order to 
facilitate water uptake. 
But mucilage may also have counteracting eff ects, as the re-
duced wettability of the rhizosphere aft er drying can reduce 
water storage capacity in the root zone. In fact, irrigation at 
high rates, separated by long dry periods, will result in strong 
water leaching into the deep soil profi le with the root zone 
remaining relatively dry. On the other hand, frequent irrigation 
with slow infi ltration rates will maintain the mucilage hy-
drated, with benefi cial consequence for water and nutrient 
uptake. 
This study has shed new light on the specifi c 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 effi  ciency. 
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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.

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.
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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 superconducting and magnetic [1–3]. Phase separation 
is usually expected to be due to inhomogeneous doping. 
However, a local probe measurement using μSR indicated that 
the whole volume of the sample is magnetic, i.e. static mag-
netic fi elds are present in the full volume, including the SC 
regions [1]. The nature of the coexisting superconductivity and 
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 fi rst-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 eff ect of a 
current running in a superconductor, I, on the magnetic phase 
transition temperature, Tm. A current of the order of the second 
critical current Ic2 (where the sample becomes normal) de-
creases the superconducting order parameter. If the two orders 
interact, the magnetic order parameter would be expected to 
be influenced by the current and either increase or decrease, 
depending on the nature of the coupling between the two 
orders. This, in turn, will increase or decrease Tm, respectively. 
Measurements were taken on an 8-m-long wire made of a 
La1.94Sr0.06CuO4 fi lm (shown in Figure 1). The thickness of the 
fi lm, 0.5 μm, 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 Tc =10 K and Tm=6 K, respectively. 
Probing the magnetic properties of such a thin wire was 
achieved by using the LE-μSR 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-
time τ=2.2 μs), emitting a positron, preferentially in 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-

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-μSR) investigation address-
ing this issue in a superconducting “wire”. The wire was made of a La1.94Sr0.06CuO4 fi lm and had a cross-section 
of 0.5 × 100 μm2. We found that running a current through the wire, which suppresses the superconducting order 
parameter, increases the magnetic transition temperature. Our results indicate that the Ginzburg-Landau coupling 
constant between the superconducting and magnetic order parameters is repulsive.

Meni Shay, Amit Keren, Gad Koren, Amit Kanigel, Oren Shafi r, Lital Marcipar, Department of Physics, 
Technion – Israel Institute of Technology, Israel; Gerard Nieuwenhuys, PSI and Leiden University, 
The Netherlands; Elvezio Morenzoni, Andreas Suter, Thomas Prokscha,  Moshe Dubman, Zaher Salman, 
Laboratory for Muon Spectroscopy, PSI, Switzerland; Daniel Podolsky, Department of Physics, 
University of Toronto, Canada

Interaction between the magnetic and supercon-
ducting order parameters in a superconducting wire

Figure 1: A magnifi ed image of part of the SC wire.
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peratures and zero applied magnetic fi eld. The solid and open 
symbols represent measurements with high and low currents, 
respectively. At T>Tm, the asymmetry resembles a Gaussian 
curve with relatively slow relaxation, typical of magnetic fi elds 
generated by copper nuclear magnetic moments. As the 
temperature decreases, there is a clear increase in the muon 
spin depolarization rate, indicating that the sample is becom-
ing magnetic.
The eff ect of the current can be clearly seen in the T=5 K meas-
urements (red squares in Figure 2). The muon spin depolariza-
tion rate is considerably faster when a higher current is ap-
plied. The diff erence between the two measurements is 
highlighted by the shaded area. The change in the rate caused 
by the application of current is equivalent to cooling by 0.3–
0.4 K. Note that the stability of the temperature, which was 
monitored by using the wire itself as a thermometer, was 
maintained to within ±0.01 K. 
The eff ect of the current was measured as a function of tem-
perature across the magnetic transition. The magnetization 
of the wire, M, was evaluated from all measurements by com-

paring the integrated asymmetry to its value in the lowest 
temperature measured. As shown in Figure 3, the application 
of a current of about 0.2 Ic2(T) increases the magnetic phase 
transition temperature by 0.4±0.1 K. Note also that, above Tm 

and below 4 K, the application of current has no eff ect on the 
asymmetry. The fact that the current increases Tm without 
broadening the transition rules out the possibility of tem-
perature inhomogeneities. 
The increase of Tm upon application of current implies that the 
orders are coupled repulsively. This is complementary to the 
eff ect of a strong magnetic fi eld on doped samples, where the 
magnetic order is enhanced while the superconducting order 
is suppressed [6, 7]. However, since current, in contrast to 
magnetic fi eld, does not couple directly to spin, the eff ect 
presented here is much simpler to analyze. For example, it 
shows that enhanced magnetism in an applied fi eld could be 
a result of supercurrent in the bulk [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 
border between fi rst and second order [10].
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Figure 3: The magnetic phase transition with high (0.2Ic2) and low 

currents. M/M0 is the magnetic moment of the wire normalized to 

its low temperature value M0. The solid lines are guides to the eye.

Figure 2: Muon decay asymmetry measurements versus time, 

with high (solid symbols) and low (open symbols) currents.
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Frozen water is normally unable to incorporate large amounts 
of salt. This property is important for our climate, because, 
when seawater freezes, a solution of higher salinity, so-called 
brine, is expelled. Since this has a higher density than the 
seawater before, it sinks and drives oceanic circulations in the 
polar region. At the same time, the frozen ice contains less salt.

Neither our ice, nor exotic ice, likes salt…

The inability of ice to incorporate large amounts of salt is 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 adopts various structures diff erent from ordinary 
(hexagonal) ice, which do not exist on Earth. For pure water, 
a total of 15 crystalline ice phases have so far been identifi ed, 
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 
a framework around salt ions and so their structure cannot be 
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 Phase VII ice [2]. Ice VII is the dominant phase of ice 
over a broad range of pressure from 21 to about 800 kbar.
For the experiments performed on the neutron powder dif-
fractometer D20 at ILL, about 70 mm3 of LiCl:6D2O solution 

were placed in an opposed-anvil pressure cell (Paris-Edin-
burgh VX5 type), cooled to 80 K and compressed in-situ at 80K 
to 40 kbar. At these conditions, the structure of the sample is 
disordered (amorphous), as readily found by powder neutron 
diff raction. However, when the sample is warmed up under 
40 kbar, sudden crystallization is observed near room tem-
perature (Figure 1). Neutron diff raction unambiguously enables 
this structure to be assigned to ice VII, i.e. the form of pure 

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 
well accept large amounts of salt, if it is frozen under high-pressure. Neutron scattering experiments reveal that 
salt ions are incorporated 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 fi elds of the moons of Jupiter and Saturn, if such ice exists there…

Thierry Strässle, Laboratory for Neutron Scattering, ETH Zürich and PSI; Stefan Klotz, Livia E. Bove and Antonino 
M. Saitta, IMPMC, Université P&M Curie, France; Thomas C. Hansen, Institut Laue Langevin, Grenoble, France

On the discovery of a new form of salty ice and 
its potential relevance for astrophysics

Figure: 1: Neutron diffraction patterns of LiCl:6D2O upon 

warming under 40 kbar pressure (see inset). Close to room 

temperature the amorphous sample (broad peak) crystallizes 

into salty ice VII (sharp peak). The tails around the main 

refl ection peak are due to Huang scattering (see text). Refl ection 

peaks marked with asterisks are from the pressure cell.
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water that is expected to occur naturally at this temperature 
and pressure. The diff raction pattern further shows so-called 
Huang diff use-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 diff raction did not enable the posi-
tions of Li and Cl ions to 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 
excellent agreement with the observed diff raction pattern and 
nicely demonstrates the power of combined experimental and 
simulation methods.
Owing to its free position, the Li cation is thought to be able 
to jump from site to site, resulting in ionic conductance of the 
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 fi rst evidence of such a scenario. 
This salty ice VII would thus represent the fi rst plastic form of 
ice reported so far, although plasticity is expected by theory 
[3]. Experiments on direct measurement of the conductivity 
of salty ice VII under pressure, as well as more detailed quasi-
elastic measurements on the hydrogen dynamics, are in 
preparation.

…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 Cassini missions indicate subsurface salty oceans 
on some of them [4]. Hitherto, modelling of the interior of 
these bodies had assumed pure ice. Signifi cantly, salty ice 
VII, with an estimated ionic conductivity of the order of 
10–2 Sm–1, would be suffi  cient to explain the observed mag-
netic fi elds of Europa and Callisto.
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Figure 2: Snapshots of possible instantaneous confi gurations 

of pure ice VII (a) and salty ice VII (b-d) incorporating interstitial 

Li cations (yellow) and site substituted Cl anions (green).

Figure 3: Spatial distribution of the H2O dipole moment of pure 

ice VII (left) and salty ice VII (right). In salty ice VII, the distri-

bution is not strictly octahedral, and if dynamically distributed, 

is indicative of a plastic solid.
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Because of its relatively simple atomic structure, consisting 
only of a proton and an electron, the hydrogen atom has been 
central to the development of the theories of atomic structure, 
quantum mechanics, and quantum electrodynamics (QED). For 
example, the small observed deviation of 2S-2P energy splitting 
from the prediction of the 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 for increased precision has inspired many advances 
in laser techniques, 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 
10–14 [1]. However, prior to our experiment, comparison of these 
highly accurate measurements with theoretical prediction had 
been limited by the poorly known value of the proton radius. 
The fi nite size of the proton (i.e. the fact that the proton is not 
point-like) aff ects the hydrogen ground state energy at the 
10–10 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 of a 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 smaller than 
in "normal" atoms. As a consequence, the influence of the 
nuclear (in our case the proton) fi nite size on the energy levels 
is signifi cantly 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 a wavelength of 6 μm (correspond-
ing to the energy of the 2S-2P transition), illuminates the 
muonic atom one microsecond aft er its 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-

We have measured the 2S-2P energy diff erence 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.
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How large is the proton?
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incident with the laser pulse as a function of the laser fre-
quency.
From the 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 diff erence is not yet 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 or theory (both used to deduce the CODATA value). 
If the problem comes from muonic hydrogen energy level the-
ory, an astonishingly large term (larger than 10–3 of the 2S-2P 
energy diff erence) would be missing. It is improbable that a 
term of such magnitude has been forgotten. If the 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, 2S-8S, 2S-12D… transition 
frequencies) or from the theoretical prediction of the Lamb 
shift s in hydrogen, which is based on bound-state QED.  

Why the proton radius is important

The small uncertainty in the new proton radius value 
(1 ×10–18 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 (3×10–7). This is very in-
triguing, since bound-state QED is challenging, both from 
technical (mathematical) and from fundamental (binding 
eff ects, 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 eff ects. Already, calculation of 
the one-loop radiative contributions has taken more than fi ve 
decades, because of the complexity of the binding properties. 
A large community is currently working on the two-loop con-
tributions. Two diff erent approaches to the binding eff ects 
have been developed: one perturbative and one all-order/
non-perturbative [6]. Our experiment has opened the way for 
checking these problematic terms and the various 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: 
• 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 1×10–12), which is a major player 
in the constants adjustment [3]. 

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

• Confrontation with the electron-proton scattering domain, 
which is the historical way used to determine the proton 
radius [4].
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Figure 1: Resonance curve of the 2S-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]. 
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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 verifi cation of neutrino oscillations [1] demon-
strates that the flavour state of a neutrino is a mixture of 
defi nite 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 μ+→e+γ in 
cosmic rays. To date, no signal has been observed. Extending 
the SM to include neutrinos of a tiny but fi nite mass allows 
lepton flavours to mix and the decay μ+→e+γ can then occur, 

but at a level that is well beyond experimental detection. 
Theories beyond the SM, such as Supersymmetry (SUSY) or 
Grand Unifi cation (SUSY-GUT), predict sizeable LFV [3]. Hence, 
the MEG experiment, with its state-of-the-art detector technol-
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 purifi cation and 
detector testing and calibration culminated in our fi rst phys-
ics run, between September and December 2008. Reduced 

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.

Peter-Raymond Kettle, Laboratory for Particle Physics (LTP), PSI – representing the MEG Collaboration: BINP 
Novosibirsk, Russia; Univ. of California, Irvine, USA; ICEPP, Univ. of Tokyo, Japan; INFN & Univs. of Genova, Lecce, 
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MEG – fi rst results

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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beam time in 2009 meant that the fi rst-half of the year was 
dedicated to the analysis of our fi rst data, in parallel with 
major modifi cations 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  -
ciency and, in total, a further 93 TB of data were taken in 2009.

First results

The μ+→e+γ process is characterized by a 2-body fi nal state, 
with the positron and photon being coincident in time and 
emitted back-to-back in the rest frame of the muon, each with 
an energy equal to half of the muon mass. Hence, a positron 
spectrometer and a photon detector with excellent temporal, 
spatial and energy resolutions are prerequisites. In addition, 
a high intensity, good-quality muon beam, as well as minimal 
stopping material, is required to minimize the two major 
sources of background: prompt radiative muon decay (RMD) 
μ→eν⎯ν γ and accidental coincidences between a high-energy 
e+ from normal Michel muon decay μ→eν⎯ν and a high-energy 
photon from, for example, 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 
left  and fi nally stopping in a thin slanted target, placed at the 
centre of the COBRA superconducting magnetic positron 
spectrometer. The tracking is 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 1014 muons 
stopped in the target. A “blind analysis” approach was 
adopted, to prevent any bias in the procedure. Aft er an initial 
pre-selection of the data, 16% of events remained. These 
data were then re-processed for those events that fell into a 
predefi ned window, “blinding-box”, containing the signal 
region for two parameters: the γ-ray energy (Eγ) and the time 
diff erence between the photon and positron (teγ). These events 
were written to separate “hidden” data fi les; to be analyzed 
only aft er the analysis procedure had been optimized, using 
events outside of this blinding-box in the “side bands”. 
A candidate μ+→e+γ event is characterized by 5 measured 
kinematic parameters: positron energy (Ee); photon energy 
(Eγ); relative time between the photon and positron (teγ); and 
the opening angles between the two particles (θeγ and φeγ). 
Figure 2 shows the teγ-distribution for coincident photons and 
positrons, extracted from the physics data in the energy region 
40 MeV ≤ Eγ ≤ 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 μ+→e+γ events. The timing resolution for signal 
events (at 52.8 MeV) is estimated to be σt = (148±17) ps.
Once the algorithms had been optimized and the background 
study completed, the blinding-box was opened and the number 
of signal candidate events determined by means of a maximum 
likelihood fi t in the analysis region. The likelihood function is 
constructed from terms representing the number of events in 
each class: signal, RMD and background events, together with 
their respective probability density functions. The latter de-
scribe the 5 parameters for each class of events and come from 
data or Monte-Carlo simulation tuned to data.  From the fi t, the 
90% confi dence intervals and confi dence level (C.L.) upper 
limits on the number of signal and RMD events were determined 
using the 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 
for the μ+→e+γ decay of: BR (μ+→e+γ) ≤ 2.8 × 10–11 (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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Figure 2: Measured coincidence time spectrum teγ at normal beam 

rate, showing the RMD peak above the accidental background 

and the fi tted resolution function.
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Researchers from PSI, together with partners from the Universities of Basel, Zurich and Heidelberg, have observed 
for the fi rst time the coupling of quantum dots created by the interaction of a molecular network with the elec-
tronic states of the surface. This fi nding suggests the possibility of tuning surface properties, such as resistance, 
by imposing a tuneable network on specifi c 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 eff ects that arise from the confi nement 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 or at large 
organic molecules, as visible in Figure 1a. 

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 confi ned surface 

state.
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Self-assembled nanoporous networks at surfaces exhibit a 
unique periodicity due to their assembly by programmed 
chemical and physical interactions and thermodynamic prin-
ciples.  Specifi cally, DPDI, a perylene derivative, has been 
chosen to demonstrate this: Upon thermal treatment at the 
surface, it is transformed into an H-bond donor and 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 dot array. We used scan-
ning tunnelling spectroscopy (STS) to probe the local (elec-
tronic) density of states (LDOS). Spectra recorded inside a 
pore display a peak at –0.22 V that is not observed on the bare 
metal (Figure 1b). This peak is assigned to the confi nement of 
the surface state electrons inside the pore. Because each pore 
features a confi ned state, it can be considered as a single 
quantum dot that confi nes electrons in all three directions. 
The confi nement stems from the interaction of the ad-mole-
cules forming each nanopore of the network with the underly-

ing electronic states in the substrate [2]. The inherent 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) at the COPHEE end-station of the Swiss Light Source. 
This laterally averaging surface-sensitive technique deter-
mines the binding energy of the occupied states of the system 
as a function of the electron momentum. In Figure 2, the 2nd 
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 
of the 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 of the 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 
best be 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 set up 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. 
But the periodic arrangement of the pores within this network, 
along with the imperfection of its confi nement, 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, suggests the fabrication of related systems with 
diff erent band structures, resulting in 2D electronic metama-
terials analogous to well-established optical metamaterials. 
Analogous to the picture of the water wave, the interaction of 
the network structure with the electron gas on the metal sur-
face confi nes the electrons, giving rise to a characteristic 
electron wave structure in the new material.
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Figure 2: Angle-Resolved Photoemission Spectra (2nd 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 fi tted for all measurements.
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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 
– possibly atomic – building blocks, give ultimate resolution, 
but the 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 fundamental and applied micro- 
and nanotechnology. The research areas of LMN, including 
molecular nanoscience, 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 systems in the world in terms of resolution, accuracy and 
speed. It features a very 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, 

In 1959, Richard Feynman pointed out the great potential of nanotechnology in his celebrated talk, “There is 
plenty of room at the bottom”. Indeed, during the past 50 years, nanotechnology has become a signifi cant 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. 

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

There is still plenty of room at the bottom: 
Top-down nanolithography at PSI

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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diff ractive X-ray lenses made by LMN have recently led to 
unrivalled resolution in X-ray microscopy [2]. 
Due to its sequential nature of writing, electron-beam lithog-
raphy is intrinsically slow, making it ineffi  cient for the mass 
production of nanostructures. However, it is oft en 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-beam writer, 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 defi ned by the master 
structures, PSI 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 fi rst EUV-IL 
tool, named XIL-I and developed over the past few years at 
PSI, has been extensively used for both scientifi c and com-
mercial applications. EUV-IL is 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 
in terms of resolution, as the structures produced are a factor 
of two fi ner than mask structures. With this method, a world 
record in resolution for photolithography was obtained, pro-
ducing a grating with 11 nm lines/spaces in 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 
are interesting for optical applications, 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. Industrial research with EUV-IL focuses mainly on the 
evaluation of novel photoresists for the production of future-
generation computer processors and memory chips.
Owing to the 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 signifi cant upgrade of this beamline. 
The upgrade consists of the installation of a new undulator 
and an on-site clean-room facility. XIL-II will serve industrial 
and academic research with higher beam-time availability 
and better performance. 
Thanks to these two new patterning tools, PSI is 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 signifi cantly advance nanoscience and technol-
ogy, which will have a signifi cant impact on our future world. 
We come to the conclusion that there is still plenty of room at 
the bottom.
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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. 
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Three-dimensional structure of a Vascular Endothe-
lial Growth Factor receptor signalling complex

Andrea E. Prota, Kaisa Kisko, Maurice Brozzo, Kurt Ballmer-Hofer, Biomolecular Research, PSI; Veli-Matti Lep-
pänen, Michael Jeltsch, Andrey Anisimov, Kari Alitalo, Molecular Cancer Biology Program, Biomedicum 
Helsinki, Department of Pathology, Haartman Institute and Helsinki University Central Hospital, University of 
Helsinki, Finland;  Nisse Kalkkinen, Adrian Goldman, Institute of Biotechnology, University of Helsinki, Finland, 
Tomas Strandin, Hilkka Lankinen, Haartman Institute, University of Helsinki, Finland

Vascular Endothelial Growth Factors (VEGFs) regulate blood and lymph vessel formation through activation of 
specifi c cell surface receptors. Aft er 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-affi  nity 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 
useful in 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 lymphatic vessels in multi-cellular 
organisms is orchestrated by the interplay between a pleth-
ora of hormone-like growth and diff erentiation factors, such 
as Vascular Endothelial Growth Factors [1]. VEGFs are important 
for the development of blood and lymphatic vessels in a de-
veloping organism. Specifi c 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 
formation is also a hallmark of cancer lesions, where nutrient 
and oxygen supply and the removal of cellular degradation 
products are essential for tumour cell growth. It is well estab-
lished that tumours which are unable to promote vessel forma-
tion will not 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 developing in the egg shell – promotes vessel forma-
tion, while neutralizing VEGF-specifi c 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 specifi city of VEGF 
family proteins, and to analyze the mechanism of receptor 
activation, we have determined the structure of a VEGF ligand/
receptor complex. VEGF-C, essential for lymphangiogenesis, 

VEGF

2.5 mm 2.5 mm

VEGF + antibodyNo addition

2.5 mm

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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and the extracellular ligand binding domain of VEGFR-2 were 
produced in insect cells using the baculovirus expression 
system. The protein complex was purifi ed by affi  nity chroma-
tography and its functionality determined biochemically. The 
complex was crystallized and analyzed at the Swiss Synchro-
tron Light Source at PSI. Figure 2 shows the structure of the 
complex. Two receptor proteins and a covalently linked VEGF-
C dimer form a 2:2 complex. The high resolution of the protein 
structure allowed the molecular details of the interactions 
that form the ligand/receptor binding site to be determined. 
Figure 3 shows a model of the full-length extracellular domain, 
consisting of all seven subdomains. The model was built from 
small-angle X-ray solution scattering (SAXS) data and the 
high-resolution structure from Figure 2 was fi tted 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 specifi c mo-
lecular targets relevant in a particular disease. Alternatively, 
a more rational approach is applied, in which structural infor-
mation for a disease-relevant molecular target is used to 
develop new, highly specifi c compounds. Such compounds 
will be designed to either inhibit or activate the function of 
the drug target. VEGFs and their receptors have been targeted 
by several drug companies to interfere with aberrant vessel 
formation in disease, and a variety 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 of this receptor in molecular terms 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.

References  
[1] E. Stuttfeld, K. Ballmer-Hofer, IUBMB Life 61 915-922 

(2009).
[2] J. Folkman, Ann. Surg. 175 409-416 (1972).
[3] S.M. Zeisberger et al., Br. J. Cancer 95 272-281 (2006).
[4] J.I. Greenberg, D.A. Cheresh, Expert. Opin. Biol. 

Ther. 9 1347-1356 (2009).
[5] C. Ruch et al., Nat. Struct. Mol. Biol. 14 249-250 (2007).
[6] D. Franke, and D.I. Svergun, J. Appl. Cryst. 42 342-346 

(2009).
[7] M.V. Petoukhov et al., J. Appl. Cryst. 40 s223-s228 

(2007).

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. Leppänen et al., PNAS 

online 2010, doi:10.1073/pnas.0914318107).

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 fi tted into a model derived from 

solution scattering data obtained with purifi ed receptor/ligand 

complex [6, 7].
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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 fi lamentous structures involved in many 
vital cellular activities. They contain two structurally and 
functionally distinct ends: 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 
central to 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

To investigate the interaction between diverse +TIPs and EB1, 
we have carried out sequence analysis of +TIPs and identifi ed 
a four amino acid motif, Ser-x-Ile-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 EB1 and to track growing microtu-
bule plus ends in cells (Figure 2A). Changes in the 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 
abolished the interaction 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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Hitchhiking through cytoplasmic space

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

Conclusions

Our data reveal that +TIPs bind to the hydrophobic cavity of 
EB1 through 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, will enable further dissec-
tion of the role of microtubule tip tracking in vital cellular 
processes. 
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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.
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The lack of selectivity of anticancer drugs and their collateral 
side eff ects on normal cells are serious limitations in current 
cancer chemotherapy. The development of more selective 
delivery systems for cancer diagnosis and therapy is therefore 
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 
therapeutic and diagnostic modalities. More recently, eff orts 
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 specifi cally target cancerous tissue. 

Peptides are interesting molecules that bind to receptors 
overexpressed on the tumour cell membrane or on the tumour 
vasculature during neoangiogenesis [4, 5]. Hence, conjugation 
of peptides to nanoparticles renders the latter highly spe-
cifi c and may increase signifi cantly their potential as tumour-
targeting agents for cancer diagnosis and therapy. Bombesin 
(BBS) receptors are overexpressed in most prostate and breast 
cancer cells and integrin receptors are highly expressed dur-
ing neoangiogenesis. Several constructs have been cloned, 
expressed and purifi ed. One of them showed highly improved 
nanoparticle formation and allowed highly homogeneous 
preparations to be achieved that are less prone to aggregation 
and easier to handle for further chemical modifi cations and 
radiolabelling (Figure 1). We have prepared self-assembling 
peptide nanoparticles (SAPN) with diff erent ratios of targeting 
peptide (BBS, RGD or both). The new SAPN conjugates were 
successfully labelled with 99mTc and evaluated in vitro and in 
vivo. 

Cell binding 

In vitro tests with 99mTc-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 fi rst few hours for the native SAPN (non-targeted) and the 
SAPNs with 2 and 5 BBS residues. The targeted SAPNs with 10 
or more BBS sequences, as well as with RGD, showed faster 
binding in the fi rst 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 less than 15% of bound radioactivity was recovered 

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 tumour vasculature, such as RGD, renders them 
highly specifi c and may increase signifi cantly their potential as tumour-targeting agents for cancer diagnosis 
and therapy.    
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Tumour targeting with radiolabelled Self-Assembling 
Peptide Nanoparticles

Figure 1: Schematic representation of SAPN synthesis and 

radiolabelling. 
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by acid wash (membrane-bound activity). The native SAPN 
was also taken up by the cells, most likely through a mecha-
nism not involving peptide receptors. The fact that the binding 
could be inhibited by about 70% with the non-targeted SAPN 
(10 μg/mL), whereas only by 10 to 20% with cold peptide 
(10 μM), shows that the main mechanism of endocytosis is 
not the classical clathrin-dependent receptor-mediated path-
way.

Biodistribution

In fi rst in vivo studies in mice bearing PC-3 tumour xenograft s, 
tumour uptake was low at all 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 

liver and spleen, which is consistent with our data and would 
explain the high radioactivity found in the liver and spleen at 
all p.i. times tested (Figure 3).  
The addition of PEG (PEGylation) to the surface of nanoparti-
cles has been successfully used to increase their blood circu-
lation half-life [8, 9], which is important. PEGylation helps to 
create a hydrophilic protective layer around 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 higher accumulation in the target tissue. The most prom-
ising SAPNs will be PEGylated and further tests will be carried 
out to evaluate the influence of PEGylation on the biodistribu-
tion and tumour targeting potential aft er radiolabelling.

References
[1] I. Brigger, C. Dubernet, P. Couvreur, Adv Drug Deliv. 

Rev. 54 631 (2002).
[2] M. Ferrari, Nat Rev Cancer 5 161 (2005).
[3] V.P. Torchilin, Adv Drug Deliv Rev. 58 1532 (2006).
[4] C.R. Cooper, C.H. Chay, K.J. Pienta, Neoplasia 4 191 

(2002).
[5] S.M. Okarvi, Cancer Treat. Rev. 34 13 (2008).
[6] D.E. Owens, N.A. Peppas, Int. J. Pharm. 307 93 (2006).
[7] F. Alexis, E. Pridgen, L.K. Moluar, O.C. Farokhzod, 

Mol. Pharm. 5 505 (2008).
[8] G. Gaucher, K. Asahina, J. Wang, J.C. Leroux, 

Biomacromolecules 10 408 (2009).
[9] Y. Sheng, C. Liu, Y. Yuan, X. Tao, F. Yang, X. Shan, 

H. Zhou, F. Xu, Biomaterials 30 2340 (2009).

Figure 3: Biodistribution of 99mTc-P6c-BBS_50:10 (SAPN with 

10 BBS residues) in nude mice with PC-3 tumour xenografts 

(75 kBq/mouse i.v.).

Figure 2: Comparison of the binding of the 99mTc- SPANs 

conjugated with BBS (A) and RGD (B). 
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Starting in 2002, we undertook a new eff ort to improve target-
ing of radiolabeled vitamin B12 to tumours with diff erent 
analogs (derivatization at the ribose 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 B12 to be stored in these organs [1-7]. 
Another approach was therefore required to interfere with the 
storage function of these organs. For clinical application of 
radiopharmaceuticals, it is known that high kidney uptake of 
radiolabelled compounds may lead to radiation toxicity. Since 
the radiation dose to the kidney is oft en 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 B12 to its transport protein 
TCII, and therefore inhibiting uptake mediated by the receptors 

TCII-R and megalin. By abolishing the binding of vitamin B12 
to TCII, a decreased non-targeted organ uptake can be ex-
pected. Furthermore, by interfering with the binding of vitamin 
B12 with circulating TCII, radioactive vitamin B12, being a small 
molecule, cleared much faster from the blood than protein-
bound vitamin B12, resulting in lower systemic toxicity [8]. 
Vitamin B12-PAMA(4) was radiolabelled with 99m-Technetium 
and the IsoLink™ kit which was developed and patented in 
a collaboration between PSI and Covidien Inc. Radiochemical 
purity aft er HPLC was >95%.  Biodistribution studies were 
performed in vitamin B12-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 B12-PAMA(4) accumulated specifi cally in tumours 
(except colon and prostate carcinoma). Fast renal excretion 

Vitamin B12 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 B12 to deliver new derivatives of this vital vitamin 
to hyperproliferative cells. We have identifi ed transcobalamin I 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 B12 for imag-
ing or therapy. 

Robert Waibel, Christine de Pasquale, Peter Bläuenstein, P. August Schubiger, Roger Schibli, 
Centre for Radiopharmaceutical Sciences, ETH-PSI-USZ; Irene Burger, Niklaus Schäfer, Division of Oncology, 
USZ (University Hospital Zurich)

Clinical pilot study with a novel, radiolabelled 
vitamin B12 derivative

Figure 1: 

(A) Structure of vitamin 

B12-PAMA(4) technetium 

derivative. 

(B) SPECT/CT scan of a 

mouse carrying a tumour 

at the neck, 24h after i.v. 

injection of (A).
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and low uptake in the liver and the glands were observed, 
which was attributed to the abolished binding to TCII. We 
identifi ed transcobalamin I (TCI) in the mouse model and on 
human tumour tissue as the target of our vitamin B12-PAMA(4) 
derivative (Figure 2). 
Based on these encouraging data, we initiated the production 
of our lead compound vitamin B12-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 Offi  ce 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 
been included in the study. Patients had no dietary restrictions 
before and during the study.
Fast and effi  cient renal elimination was also observed in the 
patients. However, vitamin B12-PAMA(4) revealed signifi cant 
uptake in the livers of all patients. Good tumour uptake was 
observed in patients with bronchial and mesopharyngeal 

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

Conclusion

Vitamin B12-PAMA(4) showed good tumour targeting capacity 
in certain types of carcinomas. Due to the abolishion of TCII 
binding, fast and effi  cient renal elimination in the mouse 
model was observed, as well as in patients, which is a distinct 
advantage compared to other vitamin B12 derivatives. The high 
liver uptake in patients was unexpected and is the subject of 
ongoing investigations.
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Figure 2: TCI expression of different tumour tissue was shown by 

immunohistochemistry with a polyclonal anti-TCI antibody 

(brown). The cell nuclei were stained with haematoxylin (blue).

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

conditions.

Figure 4: SPECT image 12 min (A) and 1h (B) after i.v. injection of 

radiolabelled vitamin B12-PAMA(4) in a patient with bronchial 

carcinoma.
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Low-alpha operation of the SLS storage ring

Michael Böge, Natalia Milas, Andreas Streun, Department of Large Research Facilities, PSI

Recently, the Swiss Light Source (SLS) storage ring was operated at low momentum compaction factor α. 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-α 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-α mode lattice set-up

Electrons circulating in a storage ring do not all have exactly 
the design energy Eo, but deviate by small amounts ΔE, which 
are Gaussian distributed due to synchrotron radiation eff ects. 
If a particle has a positive energy deviation ΔE > 0, it will take 
a wider curve in the bending magnets of the storage ring, and 
thus the length of its path for one roundtrip will be longer by 
some amount ΔL compared with the ring circumference Lo 
defi ned for the design energy Eo. The momentum compaction 
factor α connects the relative variation of path length to the 
relative energy deviation by the relation:

ΔL/Lo = α1 · ΔE/Eo + α2 · (ΔE/Eo)2 + …
The interplay of the energy dependence of path length, and 
with it the roundtrip time, with the time-dependent accelerat-
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 α1. The value 
of α1 can be adjusted by modifi cation of the dispersion func-
tion of the storage ring lattice, which is achieved by setting 
the quadrupole currents appropriately. 
The idea behind the low-α mode is to set a lower value of α1 
and thus make the particles’ path length almost independent 
of energy. As a consequence, the bunch length is reduced; 
however, the longitudinal stability is reduced as well and 
non-linear eff ects due to quadratic (α2) and higher-order terms 
of momentum compaction and instabilities become more 
apparent.
The SLS storage ring has a circumference of 288 m and oper-
ates at 2.4 GeV. In normal operation mode, the lattice provides 
an emittance of 5.5 nm. A linear momentum compaction of 
α1 = 6.5·10–4 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 length is increased on purpose to about 40 ps rms 
(bunch train average) by means of 3rd harmonic Landau cavi-
ties, in order to suppress instabilities and increase beam 
lifetime. 
The low-α optics provides a linear momentum compaction of 
α1 = 5.3·10–5, corresponding to a natural bunch length of 4 ps. 
The emittance for this optics is larger than in normal operation 
and amounts to 13 nm. 
The quadratic term α2 is controlled by sextupoles in lattice 
regions with non-zero dispersion function. Since SLS has three 
such sextupole families, and only two of them are required to 
adjust the chromaticity, α2 could be tuned using the third 
family. It was set to the lowest possible value (considering 
the sextupole current range) of α2 = 1.84·10–3, since a large 
value reduces the longitudinal acceptance and the orbit 
stability.

Injection effi ciency and orbit correction

In normal operation, the injection effi  ciency from the booster 
synchrotron to the SLS storage ring is close to 100%. In low-α 
mode, however, the longitudinal acceptance is reduced and 
the storage ring cannot completely capture the electron bunch 
delivered by the booster synchrotron, which has an rms length 
of about 20 mm, or 67 ps. Calculations predicted that 46% of 
the incoming bunch would be captured by the low-α 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 
for the low-α case, due to the non-linearity and sensitivity of 
the beam energy to changes of radio-frequency Δf/f = -ΔL/L 
for low α1. Instead, we measured the energy off set to be cor-
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rected (ΔE/Eo) from a dispersion fi t to the orbit, calculated the 
required frequency shift  (Δf) for correcting the momentum, 
and then applied a step-by-step correction, without fre-
quency correction, for the remaining orbit distortion. This was 
iterated until the frequency change increments became suf-
fi ciently small that the slow orbit feedback started to converge 
again. Aft er fi xing the problem related to the non-linear Δf 
(ΔE/Eo) dependency, the theoretical values for α1 and α2 could 
be used to correct large initial orbit distortions. Finally, the 
fast orbit feedback system could be put into operation.

Characterisation of the low-α mode

We carried out a series of measurements to characterise the 
mode implemented in SLS, using the theoretical value of 
α2 to obtain α1 from measurements of synchrotron tune and 
orbit displacement versus RF frequency [2]. We calculated 
α1 = (3.6±0.2)·10–5, which is reasonably close to the expected 
value of 5.3·10–5, 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 fi tting to the data using an empirical formula 
in which the bunch length scales with the current to a power 
of 3/8 [3]. The onset of turbulent bunch lengthening is at about 
50 μA per bunch; at currents higher than 200 μA per bunch 
we also observed a fast instability (“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 intensity revealed a quadratic dependence on current 
up to 60 μA per bunch; above, it rose faster, which we believe 
to be due to a deviation from the Gaussian distribution of 

charge in the bunch extending coherent THz radiation to 
higher frequencies. For currents above 180 μA, bursts of coher-
ent THz were observed (cf. Figure 2), which indicate the forma-
tion of microstructures in the electron bunch [4]. The bursting 
peaks appear at a frequency of 1.681 kHz, which is identical 
to the measured synchrotron frequency. These bursts deliver 
very intense coherent THz radiation, however not in a control-
led manner, as has been previously observed at other light 
sources operating in low-α mode. 

Performance results

Aft er characterising the low-α mode, we established the 
standard “SLS low-α user mode” with 50 mA total stored cur-
rent distributed in 390 bunches. In this mode, the bunch 
length is 8 ps, as requested by the users. This was verifi ed 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 shift s each are scheduled for low-α 
operation at the SLS.
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Figure 2: Bursts of coherent THz radiation appear in the beam 

spectrum at the synchrotron frequency of the low-α mode of 

1.681 kHz. The inset shows the time signal. The current was 183 

µA per bunch.

Figure 1: Bunch length as a function of current per bucket. 

The red full line is a fi t of the empirical 3/8-power law to the 

data. For currents around 200 µA/bucket, the bunch length 

deviates from the empirical function as shown by the data 

points within the circle.
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Expansion based on continuity: Technology projects 
in proton therapy justifi ed 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 
effi  cacy 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 aft er 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 diffi  cult-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 other hand, the diffi  culties of keeping the OPTIS 
programme running (224 patients treated in 2009) based on 
the aged Injector 1 proved the need and urgency to complete 
the transfer to the 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 fi rst-
generation systems, the issue of the “safety and effi  cacy” of 
spot-scanning-based proton therapy, compared with the 
historically used passive scattering technology, becomes of 
paramount importance. Only PSI 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 per year. Aft er the dedicated cyclotron had become 
operational in 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 aft er proton 
therapy and on over 250 patients aft er 4 years. At present, 
over 130 patients have been analyzed, providing fi rst “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 clinical indications presently treated at PSI. The research 
eff ort at PSI in the fi eld 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 early research, manufacturing and clinical implementation, 
to ultimately routine use and now proof of not only principal, 
but actual, readiness for widespread clinical implementation, 
is an outstanding accomplishment by literally one 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 eff ects 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-
ble to that of other particle centres. However, it demonstrates 
that particle therapy has to be conducted with utmost diligence 
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 will also proceed in the coming years with 
an in-depth evaluation of other clinical indications 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.
The fi rst and most important decision taken was to use a slid-
ing Siemens SOMATOM Sensation Open™ computed tomog-
raphy (CT) system in the treatment area within reach of the 
patient table. With this approach, as shown in Figure 2, it will 
be possible to position the patient directly in the treatment 
room using one of the most advanced commercially available 
diagnostic imaging devices. The availability of time-resolved 
images, with the patient ready in the treatment room, will 
off er new opportunities for patient setup and for setup of 
respiratory gating for treating moving targets.
The second important decision was the realization of a beam’s-
eye-view (BEV) X-ray system for Gantry 2. The innovative layout 
of Gantry 2 (with double parallel scanning starting upstream 
of the last 90° bending magnet) makes it possible to take X-ray 
images in the beam direction simultaneously with the proton 
beam, with a very large fi eld of view, a feature which is not 
available with any other gantry design. The idea is to mount 
an X-ray tube on the top of the last bending magnet. The X-rays 
are beamed though a hole in the return yoke of the 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 fi nishing of the area has 
been very laborious, mainly from the point of view of optimiz-
ing the overall functionality of operating the system with 
patients, in view of the limited space in the area. A good solu-
tion was found in the end, based on the same “Japanese 
panels” concepts used for Gantry 1 and OPTIS2. The fi nishing 
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-
gether with the strip monitors delivered by the TERA collabora-
tion, have been installed in dedicated, well-insulated drawers 
in the nozzle and put into 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 of the monitors was achieved by connecting separate 
analogue-to-frequency converters to the negative and positive 
diff erence between monitor signal and 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.

During 2009 we made signifi cant progress in the development 
of very advanced beam scanning techniques. The most chal-
lenging goal for Gantry 2 is to deliver the dose by painting 
dose lines with the beam moving at maximum speed, and by 
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Figure 1: Gantry 2 area with table and nozzle.

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 fl at 

panel from the parked position at the side of the nozzle to a 

position behind the patient.



shaping the dose by changing the intensity of the beam at the 
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 
11 cm in length and were delivered in 5.5 ms. This high sweep-
ing speed is needed to achieve a very high repainting number. 
In order to obtain a high enough dose to make the profi le 
pattern visible, the whole dose image was repeated (cumu-
lated) 23 times.
The intensity of the beam along the lines was controlled with 
the deflector plate: the fi rst 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 diff erence of the measured signal of monitor 1 to 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  MeV to 70  MeV (penetra-
tion depth approx. 3 cm) causes more than 99.5% of the 
protons to be lost in the energy selection process. In order to 
cap treatment duration to one minute (during which time the 
patient must actively cooperate, maintaining the required 
gazing angle), a dramatically more effi  cient 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 fi elds, was decided upon. 
Throughout 2009 these multiple-ring foils were produced and 
commissioned, and the accompanying energy modulation 
wheels produced and verifi ed (modulator wheels produce the 
Spread-Out Bragg Peak, which covers the entire tumour region 
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%) 
under clinical 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 of the snout, minimising its scattering contribution. 
Beam flatness and beam symmetry were signifi cantly im-
proved.
In OPTIS2 digital imaging, a parallel robot to position the 
patient and computer-aided positioning soft ware were intro-
duced and successfully integrated during the fi rst half of 2009. 
The biggest remaining challenges for 2009, however, were 
the completion and verifi cation of the control system and the 
local, patient safety systems (which were designed to be able 
to start treating a patient without requiring daily verifi cation 
measurements), and the defi ning and performing of the QA 
programme, which assures the effi  cacy and functionality of 
all the implemented technical measures to ensure the safety 
of patient treatment. In June 2009, OPTIS2 was successfully 
audited by the Swiss Federal Offi  ce of Public Health (Bunde-
samt für Gesundheit – BAG) and a treatment permit obtained 
aft er completion of the QA programme by the end of 2009. 
The fi rst patient was successfully treated in January 2010.

OPTIS – 25 years of ophthalmological proton 
radiotherapy at PSI

The rationale for the use of protons in radiation therapy is the 
physical characteristic of the particle beam of having “bal-
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Figure 4: Normalized delivered spot dose as a function of proton 

current.

Figure 5: CCD image of lines with typical dose profi les. The 

profi les are repainted 23 times with maximum sweeper speed 

(5.5 ms/line) and intensity modulation.



listic” properties when penetrating material. The maximal 
radiation dose is deposited at the end of a well-defi ned range 
in a given human tissue, with a steep dose fall-off  aft erwards. 
The eye, as a mobile organ without noteworthy diff erences in 
the densities of the various ocular structures, is the most 
“perfect model” for proton radiotherapy. Tumours arising on 
the inner surface of the 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 
centre in the world for ophthalmological 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. Prior to irradiation, a 
given tumour base is surgically marked with very small radio-
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 
axis of the incoming proton beam. Individual copper collima-
tors in the beam path right in front of the eye shape the beam 
laterally. These procedures result in excellent dose conforma-
tion. 
PSI opened the fi rst ophthalmological proton beam therapy 
unit in Europe 25 years ago. Between 1984 and 2009, a total 
of 5300 patients received proton radiotherapy for ocular le-
sions, the vast majority suff ering from choroidal melanoma. 
A hypo-fractionated treatment schedule, with 4×15 Gy (RBE) 
on consecutive days, caters for the relative radio-insensitiv-
ity of melanomas. The unique spatial dose conformation, 
sparing the unaff ected 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-specifi c survival is related to tumour 
control. Visual acuity aft er proton irradiation, compared with 
its status prior to diagnosis, depends on: tumour thickness, 
the amount of retinal detachment, the distance between tu-
mour and optic disc and/or macula, and the age of the patient. 
Tumour size and diameter, as well as the distance to the optic 
disk, aff ect the enucleation rate, which is caused mainly by 
the development of glaucoma or loss of ocular function.
Two outcome analyses for large patient numbers (>2000 each) 
show excellent results in terms of local tumour control, sur-
vival, visual acuity and preservation of the aff ected eye – in 
analogy to the treatment results of other comparable proton 
treatment centres worldwide. The important eff ect of local 
tumour control on survival is convincing. Tumour-related death 

(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 
15 years, respectively, are a “proof of principle” for high-dose, 
hypo-fractionated irradiation of ocular melanoma. A patient’s 
age and tumour size (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 
tumour control, survival, functional outcome and preservation 
of the eye. Treatment results are excellent compared with most 
other tumour entities, and PSI has therefore decided to con-
tinue the ophthalmological proton therapy programme using 
the OPTIS 2 facility, which will be operational from spring 2010.
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Figure 6: The OPTIS2 nozzle. The seat is mounted on a parallel 

robot and the blue squares are integrated fl at panels used to 

position the patients using X-rays. 



Strategy and highlights 
of General Energy research

Alexander Wokaun, General Energy Research Department, PSI

The year 2009 will be remembered for profound changes in the 
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. In such a period, it is important for research 
to prepare the scientifi c basis on which this progress needs to 
be based. In this sense, 2009 has been characterized by the 
build-up of infrastructure and know-how in the General Energy 
Research Department that will bear fruit in the years to come.
Negotiations at the Climate Conference in Copenhagen 
showed general consensus on a climate protection target, but 
diffi  culties in agreeing on concrete emission reductions goals. 
The question of how these reductions would be achieved 
hardly emerged at the surface of the political discussions. Yet 
it is concrete measures that will 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-CO2 energy carriers from re-
newables, highly effi  cient 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

Among the choice of renewable primary energies, the Depart-
ment focuses its eff orts on biomass and solar energy. In the 
case of biomass, methane and electricity are the energy car-
riers to 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-
ity and calorifi c value. Common to both approaches is the 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-
lenges in achieving an effi  cient energy system.

Energy and Materials Cycles

The 1 MW pilot plant "Methane from wood" went into 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 in the hot synthesis gas turned 
out to be crucial for the design of the process chain.
Green biomass with high water content is 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 
salts under near-critical conditions was studied. This approach 
of using waste biomass (second-generation biofuels) forms 
the bridge to the SunCHem project, which envisages a closed 
cycle in which algae are grown in insolated vessels, energy is 
extracted as methane, and nutrients are recycled.
Use of PSI's large facilities is an enabling competence for this 
research, highlighted by advances in catalyst characterization 
by X-ray absorption spectroscopy.

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 gasifi cation of wet biomass and solar thermal 
upgrading of carbonaceous waste. A new focus on catalytic processes was defi ned 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.
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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 of the solar zinc oxide / zinc cycle to the 100 kW scale.
Exploratory projects target the solar reduction of CO2, as a 
mitigation measure, and solar production of energy-intensive 
raw materials such as aluminium or silicon.

Effi cient energy conversion

Effi  ciency is the key to achieving a more sustainable energy 
system that respects climate protection goals. Our emphasis 
is on effi  cient 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 
generating industry to continue using fossil fuels, while reduc-
ing CO2 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 
test rigs at PSI. 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 eff orts, 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 
this technology by developing novel materials for the positive 
and negative electrodes of the lithium-ion battery, assembling 
them into electrodes and testing their high-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 polymer elec-
trolyte membranes, and cost reduction by integrated stack 
design concepts.
In situ diagnostic methods are guiding these eff orts. For the 
fi rst time, direct current measurements locally resolved in the 
direction perpendicular to the flow fi eld channel have provided 

evidence for inhomogeneous concentration profi les caused by 
transport limitations (Figure 1).

Energy, environment and society

Particles in the atmosphere adversely aff ect 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 engaged in the 
societal discussion on our country’s energy future. In particu-
lar, PSI has made important contributions to the Energie Tria-
log Schweiz by scenario calculations, and has calculated the 
cost of achieving large CO2 reductions by 2050 under stringent 
climate policy targets.

Outlook for 2010

At the beginning of 2010, we welcome two new scientifi c 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 
Kröcher will guide the new orientation of the 'Bioenergy and 
Catalysis' Laboratory. The CCEM, looking back to a highly 
successful international audit in 2009, is expected to gener-
ate further important results in 2010, based on a powerful 
research infrastructure and highly motivated research teams.

Figure 1: Direct measurement of local currents under channel and 

ribs of the fl ow fi eld plate of a polymer electrolyte fuel cell 

(PEFC), in two operating modes.
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Combined heat and power (CHP) generation from biomass 
requires small-scale, distributed plants in the power range of 
several MW, to be effi  cient. Therefore, besides gas engines, 
high-temperature fuel cells such as Solid Oxide or Molten 
Carbonate Fuel Cells (SOFCs, MCFCs) are also an option for 

using producer gas from wood gasifi cation for CHP. Gas en-
gines require low gas temperatures at the inlet, thus allowing 
cold gas cleaning, i.e. particle and tar removal by low-temper-
ature fi lters and scrubbers. However, it has been shown, when 
connecting SOFCs to wood gasifi cation, that superior effi  cien-

Linking wood gasifi cation with high-temperature fuel cells, such as Solid Oxide Fuel Cells (SOFC), is a promising 
approach for achieving high electrical effi  ciencies 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: gasifi cation, 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.

Serge Biollaz, Peter Hottinger, Thomas Marti, Marcel Hottiger, Jörg Schneebeli, Urs Rhyner, Marcelo Rechulski, 
Tilman Schildhauer, Laboratory for Energy and Material Cycles, PSI

Producing electricity from wood in high-temperature 
fuel cells via gasifi cation and hot gas cleaning

Figure 1: Flexible set-up for long-duration tests of B-IGFC concepts, including gasifi er, gas cleaning and high-temperature fuel cells.
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cies can only 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 fi ltration (450°C) for the re-
moval of particles. The focus here lies on the long-term per-
formance of the fi lter and on the optimisation of fi lter cleaning 
methods to maintain low pressure-drop levels. For the com-
plete removal of sulphur, organic sulphur species have to be 
converted into hydrogen sulphide (H2S), fi rst before adsorbing 
H2S on, for example, zinc oxide beds at 350°C. For the upstream 
conversion of organic sulphur species (unsaturated hydrocar-
bons and tars), the application of Catalytic Partial Oxidation 
and Reforming catalysts is being investigated (see Figure 2).
In fi rst tests, these catalysts showed good activity for the 
conversion of hydrocarbons (toluene, anisole) and organic 
sulphur species (thiophene) in the temperature range foreseen 
for hot gas cleaning (700 – 800°C).
The fully automated test rig shown in Figure 1 allows the long-
term performance of diff erent unit operations to be studied, 
as well as the complete process chain to be tested. Several 
sampling points for online gas analysis have been integrated 
into the test rig and all relevant gas species, such as permanent 
gases, tars, sulphur species, alkalis or heavy metals, can be 
analysed, depending on the specifi c 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 gasifi er and SOFC test setup was a particle fi lter, 
through which gas from the gasifi er was sucked by a jet pump 
running on a synthetic wood gas mixture. The interface was 
designed to yield a tar concentration of 5 g/m3n and a total 
sulphur concentration of 1 mg/m3n 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 constant and the 
resulting voltage of the cell recorded. In Figure 3, cell voltage 
and current density are shown as functions of time on-stream.
Cell voltage fluctuates due to changes in gas composition and 
gas flow, but remains on the same level, within this range of 
variation. 
In this test, it was demonstrated that the cell performed well, 
with a degradation rate of about 1 % per 1000 hours running, 
over an accumulated 1200 hours (Figure 3). The conclusion is 
that tars do not aff ect cell performance, at least if their con-
centration is small.

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 industrial and academic 
partners, the erection of a 1 MW pilot and demonstration unit 
is planned for the near future. A research programme will 
support this demonstration activity, covering both experimen-
tal optimisation of unit operations and simulation-based 
analysis of the overall process chain effi  ciency. 
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Figure 2: Process steps for power generation from biomass via gasifi cation, gas cleaning and fuel cells.

Figure 3: Results of a long-duration test with a tubular SOFC run 

with wood gas at PSI [2].
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Introduction

The concept of solar steam-gasifi cation 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 H2 and CO). Syngas can 
be applied for power generation in effi  cient combined cycles 
and fuel cells, or further processed into Fischer-Tropsch liquid 
fuels or direct combustion, e.g. in cement kilns. 
Conventional autothermal gasifi cation requires about one third 
of the introduced feedstock to be combusted with pure O2 to 
supply the process heat for the endothermic gasifi cation reac-
tion, which inherently decreases coal utilization and contami-
nates the product gases. In contrast, syngas from solar-driven 
steam  gasifi cation is free of combustion by-products and has 

a lower CO2 intensity, because its calorifi c 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 gasifi cation is ultimately a means of chemically stor-
ing intermittent solar energy in a dispatchable form.

Experimental setup

The solar reactor confi guration (see Figure 2) is specifi cally 
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-
sorber and the lower one as the reaction chamber containing 
the reacting packed-bed that shrinks as the reaction progress-
es. Steam is injected through the bottom. This arrangement 
enables the reactor to receive a wide range of particles sizes. 

Solar-driven gasifi cation allows the upgrading of fossil fuels and carbonaceous wastes to storable high-quality 
gas. To this end, steam-gasifi cation 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. A 5 kW 
solar reactor 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 H2/CO = 1.5 and CO2/CO = 0.2, and with a calo-
rifi c content upgraded up to 30% over that of the input feedstock.

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

Production of syngas via solar steam-gasifi cation 
of carbonaceous feedstocks

Figure 1: Scheme of solar steam gasifi cation. Figure 2: Scheme of the solar reactor confi guration.
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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 
subjected to radiative flux concentrations of up to 3000 suns. 
Typical operational temperature of the bed surface was in the 
range of 1150–1250 °C. Figure 3 provides a photo of the ex-
perimental set-up that includes the solar reactor, downstream 
gas treatment system, measurement instrumentation, and 
auxiliary equipment.
 

A typical test: Steam gasifi cation of fl uff

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 fi xed carbon contents, elemental 
compositions, and physical properties [2]. A representative 
experimental run is 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-gasifi cation of 
fluff  are shown in Figure 4. During the fi rst half of the test, as 
the packed-bed undergoes heating, pyrolysis was evident 
through the evolution of higher gaseous hydrocarbons and 
liquid tars. Aft erwards, steam gasifi cation of the remaining 
fi xed carbon took place, producing syngas of molar ratios H2/
CO = 1.5 and CO2/CO = 0.2. The carbon content of the residu-
al ash aft er the test (55g) was only 0.3%.

The average shrinking rate of the packed-bed was 7 cm/h. 
Heat transfer was characterized by an ablation regime, where 
the rate of radiative transfer to 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 solar energy in chemical 
form.

Conclusions

The steam-gasifi cation of coal, biomass, and carbonaceous 
waste materials has been experimentally demonstrated using 
a robust packed-bed 5 kW solar reactor subjected to concen-
trated radiative energy. High-quality syngas with a solar-up-
graded calorifi c value could be successfully produced from a 
variety of feedstocks, with very diff erent characteristics in 
terms of content of volatiles, ash, and water [2]. Current de-
velopment work is aimed at reactor design optimisation and 
scale-up for a 300 kW pilot plant.
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Figure 4: Experimentally measured temperatures and gaseous 

product mass fl ow rate during the solar steam-gasifi cation of 

fl uff.
Figure 3: Photo of the 5 kW laboratory-scale solar gasifi cation 

plant.
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Operational window

Despite growing interest in highly reactive, hydrogen contain-
ing fuels (e.g. syngas) for gas turbine (GT) combustion systems, 
arising from the integration of power generation with gasifi ca-
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 specifi cally, 
there is very little high-pressure data (> 10 bar) for turbulent, 
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 defi ned by 
lean blow-out (LBO); on the richer side, 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. 

Much stronger than observed for the LBO limits, the FB be-
haviour presented in Figure 1 exhibits a dependence on pres-
sure, narrowing the operational range dramatically for elevat-
ed pressure conditions (> 10 bar). An increase in pressure 
aff ects several variables, such as chemical kinetics (reduced 
laminar flame speed), turbulent length scales and ignition 
phenomena (reduced ignition delay time and smaller quench-
ing distance). Not surprisingly, flashback propensity was also 
found to be very sensitive to the inlet temperature (Figure 1). 
The operational window expands signifi cantly with respect 
to flashback as the preheating temperature decreases.

Turbulent fl ame 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 (ST), which describes the 
overall fuel consumption rate across the entire flame front 
surface. The focus of our work [1] has been on such turbulent 
flame speed (ST) 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 highlight the strongly elevated values 
of turbulent flame speed for high hydrogen-containing fuel 
gas mixtures (e.g. syngas). Compared with flame speed data 
for pure CH4, the ratio ST, Syn/ST, CH4 has values between 3 and 
10. In absolute terms, values can go up to 8 m/s, indicating a 
high risk for potentially disastrous flame flashback. For ultra-
lean conditions, high burning velocities can be maintained 
with increased H2 content in the fuel mixture, thus avoiding 
undesired flame extinction (Lean Blow Out). Experiments were 
done at gas-turbine-relevant conditions, i.e. for air preheating 
temperature up to 772 K, pressure up to 15 bar and diff erent 
burner flow velocities (40 – 120 m/s).

The need to reduce CO2 emissions from large power plants has led to the development of fuel decarbonisation 
technologies that yield 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 H2-rich mixtures.

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

Combustion of hydrogen-rich fuels

Figure 1: Operational window for a fuel mixture of 50% H2/50% CO.
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Homogeneous / heterogeneous (catalytic) 
combustion

The gas-phase ignition kinetics of hydrogen are an intricate 
function of pressure and temperature, but have not been 
explored in detail at preheat and pressure conditions of inter-
est for gas turbine systems. There is also a lack of 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 
present work [2], previous studies are being expanded in two 
directions by investigating preheated H2/air mixtures (up to 

650 K) at pressures of up to 15 bar, and by investigating the 
eff ect of fractional hydrogen pre-conversion on the subsequent 
homogeneous ignition characteristics over Pt. 
Pre-conversion results in reduced fuel concentration and in-
creased temperatures for the ensuing reactive mixture and in 
addition provides main combustion products and radicals in 
the gaseous induction zone. These factors can signifi cantly 
influence the heterogeneous/homogeneous chemistry cou-
pling that leads to the onset of homogeneous ignition. Frac-
tional fuel pre-conversion can be of general industrial interest 
for sequential 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 eff ects 
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 5).

For 0% hydrogen pre-conversion, catalytic reactors exhibit 
superadiabatic surface temperatures that endanger reactor 
and catalyst integrity. By increasing 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, which is responsible for the surface temperature 
superadiabaticity.
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Figure 2: Turbulent burning velocity for hydrogen-rich fuel 

mixtures. Conditions: P=5bar, Tair =673 K.

Fuel mixture composition: #1 (H2-CO-CH4 20-20-60); #2 

(H2-CO 50-50); #3 (H2-CO 33-67); #4 (H2-CO-N2 40-40-20).

Figure 4: Computed wall temperature profi les in a catalytic 

honeycomb reactor. Pt coating, p = 8 bar. ϕ = 0.30, H2/air, three 

different pre-conversion ratios. adiabatic equilibrium tempe-

rature Tad = 1181 K (for all cases). 

Figure 3: Distributions of the OH radical: measured by LIF (a), 

and numerically predicted (b). ϕ = 0.30, H2/air, Pt coating. 

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

30% H2 pre-conversion. Arrows indicate onset of homogeneous 

ignition. Colour code: OH level in ppmv.
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Carbon modifi cations of interest for 
electrochemical applications

Carbon appears in diff erent forms, e.g. graphite, diamond, 
nanotubes and fullerenes, or amorphous carbon, due to the 
versatility of carbon atoms in establishing bonds of diff erent 
hybridization between one another. Based on particularly 
favourable physico-chemical properties, such as crystalline 
structure, density or conductivity, these diff erent forms fi nd 
widespread applications as 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 specifi c surface area (Figure 1).

In a recent study, we showed that the specifi c capacitance of 
SWCNTs is comparable with that of activated carbon. How-
ever, the resistance of an electrode prepared from SWCNTs is 
signifi cantly 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 diff raction measurements 
have demonstrated that graphites with small particles are 
benefi cial as conductive additives because they show only a 
weak anion intercalation tendency. However, larger particles 
undergo reversible anion intercalation, indicated by the 
occurrence and disappearance of new diff raction peaks 
(Figure 2), and also partial amorphisation (exfoliation) of the 
graphite structure, as can be observed from the decrease of 
the graphite (002) peak intensity. 

Carbon in a variety of forms plays an important 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 diff usion layer and also for some types of bipolar plates. In the present 
article, several recent research results are presented, from investigations aimed at improving energy and power 
density and the life-times of electrochemical devices.

Rüdiger Kötz, Patrick Ruch, Petr Novák, Wolfgang Märkle, Jean-François Collin, Hendrik Schulenburg, 
Bernhard Schwanitz, Nicolas Linse, Lorenz Gubler, Günther G. Scherer, Alexander Wokaun, Electrochemistry 
Laboratory, General Energy Research Department, PSI

Carbon – a unique material for electrochemical
applications

Figure 1: Scanning electron micrographs of a fi ltrated SWCNT 

material. The observed structures are bundles of several 

nanotubes. The diameter of a single nanotube is 1 – 2 nm.
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Stability and morphology of carbon black as 
catalyst support in fuel cells

Nano-sized platinum particles supported on carbon black are 
used as electrocatalyst for hydrogen oxidation and oxygen 
reduction in low-temperature fuel cells. Carbon black pos-
sesses unique structural and electrical properties for its 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 at the elevated potentials 

(>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 eff ect, an understanding of how operating 
parameters influence carbon corrosion is necessary. Measur-
ing the CO2 concentration in the cathode exhaust gas in re-
sponse to single potential pulses allows the quantifi cation 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 a consequence of this carbon corrosion process, morpho-
logical changes occur within the catalyst layer. Among other 
eff ects, porosity changes aff ect the mass transport of the 
gaseous reactants and the interfacial properties between 
electron- and ion-conducting phases. Ultimately, these chang-
es lead to degradation of fuel cell performance. 
The combination of focused ion beam (FIB), as preparative 
method, and scanning electron microscope (SEM), as imaging 
technique, introduces new possibilities for visualizing and 
quantifying morphological changes of the PEFC active layer 
(Figure 4) [4]. As a characterization tool, it off ers new insights 
to aid in understanding carbon corrosion and developing 
alternatives in the context of PEFC electrode design.
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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 LiPF6.

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.

Figure 3: Cathode exhaust gas CO2 concentration as response to a 

triangular potential pulse between 0.6 and 1.3 V for different 

cell temperatures (fully humidifi ed gases). The inset shows the 

resulting carbon corrosion rates, which are obtained by 

integration of the CO2 peak areas.
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The crucial relevance of energy as a research area is underlined 
by increasing world-wide eff orts to boost innovation and 
competitiveness, and to secure access to aff ordable and clean 
energy. CCEM strives to accelerate research activities in the 
fi elds of energy supply, conversion, transmission and use. 
Among other measures, CCEM further consolidated three 
major approaches in 2009 for achieving these goals:  
∙ a transparent and proven process for facilitating interdisci-

plinary projects, emphasizing high standards of scientifi c 
quality,

∙ concentrated research eff ort on dedicated questions in the 
fi eld of energy,

∙ 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 
right track, and ready to expand its programme and activities 
beyond its current portfolio. The fi nancial resource allocation 
was considered to be very eff ective and the projects’ duration 
and progress adequate. For the further advancement of the 
Center, the Evaluation Committee recommended that:
∙ CCEM be strongly supported in the future, 
∙ quality control be optimized,
∙ the most relevant subjects should be actively sought out, 

concentrating know-how and setting priorities according 
to the Center’s strategy,

∙ further eff orts should be made to vitalize contact with re-
search partners from industry, legislative bodies and socio-
economic fi elds. 

CCEM published two calls for research proposals in 2009: a 
joint call in May, together with Swisselectric Research, on the 
topic of “Pathways Towards the Electrifi cation of Individual 
Transportation”; and a second, general, call in October. In 
total, 15 new proposals have been submitted, of which 4 have 
so far been 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-
able resources into energy carriers, on using them effi  ciently, 
and on minimizing their environmental impact.
In the “2nd generation biogas” project, continuous operation 
of the hydrothermal conversion of liquid biomass into syn-
thetic natural gas (SNG) has been achieved for the fi rst time, 
with the experimental results verifying process simulation. 
Investigation of the potential of biomass available for energy 
revealed large unused stocks in forests and residual wood, 
manure and waste wood. Only half the potential available is 
being used today (Figure 1).

Aft er four years 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 fi eld 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 diff erent steps in 
the chain from biomass hydrothermal processing, via effi  cient 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 fi rst thematic call for proposals was launched, target-
ing the electrifi cation of individual transportation.

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

Competence Center Energy and Mobility CCEM 
A network to foster interdisciplinary research approaches
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In the project “Technologies for Gas Turbine Power Generation 
with CO2 Mitigation, GT-CO2”, the structure of a gas-turbine 
process using flue gas recirculation (FGR) is being investi-
gated, with the aim of increasing the CO2 fraction of the exhaust 
gas and thereby reducing the volume to be treated in a CO2-
capture plant. Thermo-economic modelling for two confi gura-
tions has been performed. Combustion studies showed 
lower flame stability with increased FGR, whereas modelling 
revealed the potential for increasing effi  ciency 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 air or high rates of FGR with detailed 
gas-phase mechanisms.
In the project Next Generation Exhaust Aft ertreatment (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 
aft er-treatment system (particulate fi lter and/or SCR system). 
For iron-exchanged zeolites being investigated as SCR cata-
lysts, a calculation method was developed to estimate the 
fractions of diff erent iron species and to assess their mecha-
nistic role in the SCR reaction.  
To understand the influence of new ceramic-foam-based 
catalysts on the diesel particulate fi lter (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 aft er-treatment 
technology (as required to fulfi l Euro norms) and the chemical 
functional group composition (Figure 2). 
The results and activities of the other projects, in the fi elds of 
mobility, electricity, heat and buildings, as well as fuels from 
renewable primary energy sources, can be found in [1].

Interaction with society

As of 1 January 2009, CCEM joined forces with novatlantis, the 
sustainability initiative of the ETH Domain, and its outreach 
activities, which have further enhanced the position of CCEM 
as a cross-institutional activity.
In April, CCEM presented new technologies for powertrains 
for transport vehicles at the "Westfest", the inauguration of a 
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. In the years 2007–2009, CCEM 
provided numerous studies and inputs into the ETS process, 
to base the formulation of this energy strategy on sound sci-
entifi c results and energy-economic modelling [2]. 
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Figure 1: Assessment of the potential energetic use of biomass in 

Switzerland.

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).
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Nuclear energy originates by nature from subatomic events, 
i.e. nuclear fi ssions, 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 defi nes the numerous complementary experimental, 
instrumental and numerical tools it needs. We will use the 
selection of our research topics from 2009 to guide us through 
the experimental and computational tools that our Department 
uses to obtain and publish its state-of-the-art research results.

Experiment, theory and simulation

Our fi rst example introduces us to 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 UO2 crystal up to 
1500 K, solidly founded on basic theory (here quantum phys-
ics); one could describe this work as an “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 of thousands of CPU-hours per year, no longer concerns 
a model of a nuclear ceramic such as UO2, but a model of 

structural materials in nuclear conditions – here, the Fe-Cr-C 
system as a simplifi ed 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 Cr atoms 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, t1/2, of 60Fe (I. Günther et al.). 
Separation chemists, analytical chemists, radiation physicists 
and astrophysicists have determined the value of t1/2 by 
setting a known number of 60Fe isotopes in a low radiation 
background environment and measuring the absolute number 
of gamma rays emitted by their daughter 60Co 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 t1/2 which is surprisingly 
higher than 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 1015 isotopes of 60Fe was created by transmutation 
reactions during the activation of a copper block beam dump 
by the very high current of high-energy protons available at 
PSI. Nuclear waste gives here direct information on our Solar 
System and on our Universe.
Safe underground storage is also a topic that benefi ts from 
high-resolution measurements. D. Popov et al. show that 

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 diff erent levels of research and research tools. 
We will use this year’s selection of scientifi c 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.

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

Nuclear energy research and its complete toolbox
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crystallography with present-day high-brilliance X-ray beams 
can bring us a precise identifi cation of the structure and 
composition of micrometre-size crystals in 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 identifi ed 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 
confi gurations. This year’s example is given by D. Paladino et 
al., who studied the mix of hydrogen, steam and air that could 
be found in a nuclear reactor containment vessel aft er a hy-
pothetical core meltdown. Gas stratifi cation 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 
layers will in the end either give rise to a hydrogen risk, or not.
Nothing less than 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 confi gurations. These 
data are also essential for calibrating today’s complex com-
putational fluid dynamics calculations, including three-di-
mensional eff ects.
On the other hand, nothing less than small-scale experiments 
on separate eff ects with specially developed instruments will 
allow further improvement 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 
safe and credible disposal of nuclear waste, are essential for 
the social acceptance of this particular energy source. A clean 
ecological record and economic competitiveness are the two 
other properties needed to make nuclear energy a 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 CO2 
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 
water reactors). When one assumes a more resource-sparing 
reactor technology (fast breeder reactors), the nuclear share 
soars to 30% of the world electricity supply while slashing the 
cost of CO2 mitigation measures by a few percent in terms of 
world GDP. This expansion would be carried out at the expense 
of the fossil and 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 nuclear waste or geological cements, 
detectors, mass spectrometers, X-ray beams, full-size instru-
mented vessels, together with a global and 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 
the variety of tools and disciplines that belong to the nuclear 
energy researchers’ toolbox. There are, of course, many more 
tools that are used and many more results to show, which we 
will present in the years to come.
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In recent decades, simulation has become the third funda-
mental component in research, in addition to experiment and 
theory. Fundamental research, 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 
opened the door to a new quality of research in biology, chem-
istry, and materials research. For instance, chemical reactions 
are now performed in the computer (“in silico” biology) using 
fi rst-principles simulation methods. In this way, computers 
have become virtual laboratories, and consequently super-
computers are a new kind 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 fi rst principles, of physics. Thus they involve 
no ad-hoc assumptions and no fi tting parameters. The predic-
tive power of fi rst-principles methods originates from the 
accurate description of the underlying physics. Such methods 

are also called ab-initio methods. Prominent examples of ab-
initio methods are electronic structure methods which solve 
the Schrödinger 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 Schrödinger equation is a diffi  cult 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-
ally too demanding for systems with only a few atoms. Control-
led approximations, which can physically be justifi ed, are 
required. For instance, 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 justifi ed by the 
large mass diff erence between nuclei and 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 a very popular and effi  cient 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 becomes immediately obvious if one notes that 
the wave function of an N-electron system depends on 3N 
coordinates, or even 4N if the spin is included. In contrast, the 
electron density is given by the square of the wave function, 
integrated over N-1 electron coordinates, that depends on just 
3 spatial coordinates, independent of the number of electrons. 
Thus, the electron density has the same number of variables, 
independent of the system size, while the complexity of the 
wave function increases tremendously with the number of 

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 fi rst principles of physics, are now avail-
able to simulate chemical reactions 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 diffi  cult 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.

Matthias Krack, Laboratory for Reactor Physics and Systems Behaviour, PSI

Approaching uranium dioxide from fi rst principles
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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 of the electron gas have been devised. The 
results obtained with these functionals are surprisingly ac-
curate and reliable, even if it would 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 fi rst-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 
as uranium, an appropriate consideration of relativistic eff ects 
is required.

Ab-initio molecular dynamics

Nowadays, it is possible to calculate the electronic structure 
of an atomic confi guration 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 fi rst principles. The 
energy and the forces on all atoms are 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 
femtosecond is needed, due to the rapid motion of the atoms. 
This is a quite short interval, but many chemical reactions take 
place on a femtosecond (10–15 s) time scale, and simulation 
times of a few tens of picoseconds (10–12 s) are oft en suffi  cient 
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 on the same time scale, allowing further validation 
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 diffi  cult and very expensive, espe-
cially when irradiated material has to be studied. Computer 
simulations using DFT methods provide an alternative way of 
obtaining reliable data for these materials, which can then be 
used as input parameters for fuel 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 

tools is required, 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] for atomistic 
simulations is being actively developed in the framework of 
an open-source project, focusing on its application to actinide 
materials such as uranium dioxide (UO2), which is techno-
logically one of the most important actinide materials, because 
it is the main component of currently employed nuclear fuels. 
Figure 2 shows the fluorite structure of pristine UO2.
This sample was “heated” to 1500 K at 1 bar in the computer 
using the ab-initio molecular dynamics scheme implemented 
in CP2K. The oxygen sublattice already exhibits at this tem-
perature a much higher disorder than 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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Figure 2: UO2 (U grey, O red) fl uorite structure at 0 K.

Figure 3: Snapshot from a molecular dynamics simulation of 

pristine UO2 at 1 bar and 1500 K.



The phenomena of mixing and stratifi cation are widespread 
in nuclear applications. The mixing of coolant streams in T-
junctions in parts of the reactor circuit during emergency core 
cooling water injection and in the outlet duct of high-temper-
ature reactors are some examples. 
Mixing and stratifi cation also take place in the containment 
during a postulated accident with core degradation, when 
hydrogen, steam and air are present together. Gas stratifi ca-
tion can lead to local increase in hydrogen concentration and 
to the formation of mixtures which could cause detonation 
and/or deflagration. 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-
dresses the scenarios leading to mixing of an initially stratifi ed 
containment gas atmosphere by heat and mass sources. New 
experiments aim to create data for a database suitable for the 
assessment and validation of advanced computational tools. 
The use of the 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 simplifi ed, 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-
nel with square cross-section, in which two liquid streams of 
diff erent 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 diff erent, high-resolution 
measuring techniques. Laser methods, in particular Particle 
Imaging Velocimetry (PIV) and the technique of Laser Induced 
Fluorescence (LIF), are combined with wire-mesh sensors and 
wall sensors. All these together allow the acquisition of data 
characterising the flow fi eld and the distribution of the trans-
port scalar describing the progress of mixing, with a resolution 
showing details of the turbulent structures close to the 
stratifi cation layer. Experimental results allow the accurate 
visualization and parametric characterization of a turbulent 
mixing layer, in particular the density gradient eff ect on the 
enhancement or suppression of turbulence. The statistical 
evaluation of such experimental data, coupled with accom-
panying fundamental modelling eff orts using techniques such 
as Direct Numerical Simulation (DNS) and Large Eddy Simula-
tion (LES), is directed towards improving the turbulence 
models in CFD codes, as well as in 3D system codes used cur-
rently for containment analysis. An important side issue is 
that these small-scale tests are especially good sources of 
scientifi c 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.

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 stratifi cation influence the hydrogen dis-
tribution in the containment and 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.
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Turbulent mixing of stratifi ed fl uid layers – a wide-
spread and often safety-relevant fl ow phenomenon
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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 of the experimental data is shown in Figure 1, where 
results using the GOTHIC code with 2D and 3D representations 
are presented, with two diff erent modelling mesh resolutions. 
The 2D fi ne-mesh representation predicts the destruction of 
the stratifi cation aft er about 1400 s, while the 3D coarse mesh 
simulation predicts stratifi cation remaining even at 1800 s. 
The participants in the 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 1 is 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. 

Stratifi ed isokinetic layer tests in GEMIX

Current water 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-stratifi ed con-
centration fi eld (upper image, Figure 2) is considerably altered 
in the presence of stable density stratifi cation (lower image, 
Figure 2). 
Due to entrainment, the mixing region grows with downstream 
distance for the non-stratifi ed case, while this growth is almost 
completely suppressed for the stratifi ed case, i.e. the turbulent 
mixing in a vertical direction (and consequent entrainment) 
is considerably reduced. 
Mixing and stratifi cation of liquids and gases are phenomena 
which can occur in many diff erent parts of nuclear power plants 
and energetic installations in general, and therefore the fi nd-
ings of these research activities have a broad range of ap-
plication.
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Figure 1: Simulation of a PANDA test with the GOTHIC code.
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Figure 2: Isokinetic mixing 

in the GEMIX facility.
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Knowing the properties of radioactive nuclei produced by 
astrophysical processes is a key to understanding the devel-
opment of our Universe, and the half-life of 60Fe plays an im-
portant role in diff erent astrophysical investigations. Most 
prominent examples are the nucleosynthesis in the current 
Galaxy as observed through gamma rays, the history of the 
early Solar System as observed through meteoritic inclusions, 
and deposits of supernova ejecta on Earth as indicated in 
ocean-crust material. 
Before the investigations described in the present article, two 
measurements of the half-life of 60Fe had been reported: 3 × 
105 yr (uncertain by a factor of 3) [1], and (1.49 ± 0.27) × 106 yr 
[2], which has been the accepted value until now. Obviously, 
a more accurate determination of the 60Fe half-life is in great 
demand and might have signifi cant impact on the interpreta-
tion of astrophysical data.
In general, half-life determinations can be performed by 
measuring for a sample the two components of equation (1): 
A – 60Fe activity, and N – number of 60Fe atoms:

 (1) 

Sample preparation

A 60Fe sample was extracted from a copper beam 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 60Co, was performed by the Rad Waste Analytics 

group at PSI using liquid-liquid extraction and precipitation 
techniques [3].
About one order of magnitude more 60Fe material was avail-
able for investigation compared with Ref. [2].

Activity measurement

The activity, A, of the 60Fe sample was determined by scientists 
from the TU München in a shallow underground laboratory 
with a shielding of 15 m water equivalent, to reduce cosmic-ray 
induced background. The activity of the 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).

In a collaborative project between the Technische Universität München and PSI, a new value of (2.62 ± 0.04)×106 
yr for the half-life of 60Fe has been determined – signifi cantly above the previously accepted value of (1.49 ± 
0.27)×106 yr. This has a signifi cant impact on the interpretation of formation time scales in the early Solar System. 
The 60Fe 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.
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New measurement of the half-life of 60Fe

Figure 1:  Activity of the two 60Co lines as a function of time.
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The measurement of both 60Co lines yielded a value of A60Fe = 
(49.19 ± 0.11) Bq, with an initial 60Co activity of 0.2 Bq (back-
ground in the sample).

Measurement of the number of atoms

The number of 60Fe atoms was determined from the sample 
by the Isotope and Elemental Analysis group of the PSI Hot 
Laboratory using a multicollector inductively coupled plasma 
mass spectrometer (MC-ICP-MS, Neptune, Thermo Fisher 
Scientifi c, Bremen, Germany, Figure 2) with a desolvating 
sample introduction system for higher sensitivity [4, 5].
For the determination of the number of atoms of 60Fe, a mas-
ter sample aliquot of 100 mg was taken and diluted with 3% 
nitric acid to approx. 4 μg/g. In order to calibrate the system, 
a certifi ed reference material (IRMM-014) was prepared in the 
same manner, to match the matrix and achieve similar signal 
intensities. The method of isotope dilution (ID) was used for 
the quantifi cation, and the analyte solutions prepared as fi ve 
replicates, with diff erent spiking ratios from 57Fe/56Fe = 1.5 to 
0.75, to eliminate systematic error. As the analysis procedure, 
the standard-sample bracketing method was used. With this 
method, potential drift s of the mass spectrometer can be 
detected and the data corrected for these drift s. All data were 
corrected for background, mass bias, and isobaric interfer-
ences (including 60Ni).
The iron concentration in the ID sample was determined to 
be 585.6 ± 1.6 μg/g, corresponding to 2.662 ± 0.009 mg of 
iron in the master sample. The ratio N60Fe/NFe was determined 
to be (2.0483 ± 0.0035) × 10–4. Therefore, the number N60Fe 
in the master sample was determined to be (5.873 ± 0.020) 
× 1015.

Results and conclusion

Using equation (1), a half-life of 60Fe of (2.62 ± 0.04) × 106 yr 
was calculated, based on the measured quantities [6]. This 
new value is much more precise (1.5% relative uncertainty) 
and signifi cantly larger than that currently accepted.
An understanding of the early history of the Solar System 
needs knowledge of the precise half-life of 60Fe. Since the new 
determination of the half-life yields a 1.76 times higher value 
than the one accepted until now, all models of the Solar Sys-
tem now have to be critically reviewed.
Furthermore, it is planned in the near future to extract an even 
larger amount of 60Fe from the copper beam dump and send 
subsamples of this material to interested laboratories world-
wide, to allow a cross-check of the determined half-life 
within the scientifi c community.
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Figure 2:  MC-ICP-MS in the 

PSI Hot Laboratory.
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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 fi eld of the planned Swiss disposal cavern for low and 
intermediate level waste consists of cementitious materials. 
In a deep geological repository, very strong chemical gradients 
control mineral alterations at the interface between the ce-
mentitious near fi eld (pH >12.5) and the surrounding claystone 
formations (pH 7–8), due to large diff erences in the respective 
chemical conditions. The interaction of the hyperalkaline pore 

water of the cementitious near fi eld with the surrounding host 
rock changes the physical and geochemical properties at the 
interface. To date, experimental knowledge on the chemical 
reactions occurring, and the minerals formed in the alteration 
zone, is almost completely lacking. 
Laboratory experiments have been successful in following 
diff usion-controlled alteration zones, but the identity of sec-
ondary minerals formed could only be established to a lim-
ited extent [1]. Complementary to the information from short-
term laboratory and multi-year fi eld experiments, information 
on the nature of alteration products at the cement/surround-
ing rock interface can be gained from natural analogues, which 
have been developed over time periods relevant to geological 
disposal. The most important natural hyperalkaline system 
was discovered at Maqarin (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 of the cement mineralization of ~100000 years. 
Continuous leaching along fracture-bound groundwater flow-
paths formed cementitious in-fi lls, interfaces to the adjacent 
clay-bearing limestone (Figure 1). 
The inset in Figure 1 shows the SEM image of an alteration 
zone which has a thickness of ~30-50 μm. 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 
because it is capable of providing basic structural information 
from selected micron- and sub-micron-sized crystals within 
complex matrices. 

A key matrix for the 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 aff ord a unique opportunity to extend the present knowledge on the long-term behaviour of a cementitious 
near fi eld, which is mainly based on laboratory and fi eld 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-
diff raction a powerful tool for investigations on highly heterogeneous systems.
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X-ray micro-diffraction on 100000-year-old 
natural cementitious materials

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).
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Micro-XRD investigations

Initial XRD characterizations were carried out using an unfo-
cused beam, collimated down to 200×100 μm2, at the CRISTAL 
beamline at the French synchrotron light source SOLEIL, 
France. XRD images collected with the unfocused beam ex-
hibited only a few, very weak, diff raction lines. This can be 
attributed to the presence of large amounts of amorphous 
components in the sample. A search in the PDF-2 database 
identifi ed the diff raction lines observed with the unfocused 
beam to match the (100), (004), (008), (0012) reflections of 
ettringite (Ca6Al2(SO4)3(OH)12⋅26H2O). 

Micro-XRD techniques were applied to improve the resolution 
of the XRD data, with the aim of performing a single crystal 
refi nement. The microXAS beamline at the SLS delivers an 
intense X-ray beam with a spatial resolution down to 1×1 μm2. 
The availability of state-of-the-art XRD detectors (such as 
PILATUS) made this beamline crucial for this study. In contrast 
to measurements with the unfocused beam, micro-XRD pat-
terns collected using the micro-beam exhibited strong diff rac-
tion spots of ettringite (Figure 2), consistent with the hexago-
nal translation lattice (a=11.23 Å, c=21.48 Å). 
SEM investigations of the interface between the limestone 
and the cement further showed small (~1 μm), 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 identifi ed as 11 Å tobermorite, a crystalline calcium sili-
cate hydrate (C-S-H) mineral (space group I2mm, a=5.58 Å, 
b=3.69 Å, c=22.85 Å). Previous studies on 11 Å tobermorite, 
which were performed on larger crystals, showed that the 
mineral exhibits signifi cant 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 Å tobermorite. To the best of our knowledge, this study 
was the fi rst 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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Figure 2: Comparison of XRD data for ettringite (spot 1 in Fig. 1) 

collected with beam sizes of 200 × 100 µm2 (top) and 10 × 10 µm2 

(bottom).

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 Å tobermorite. Diffraction lines 

shown in red were predicted from the structure.

PSI Scientifi c Report 2009 Research focus and highlights – Nuclear energy and safety 79



Cheap and abundant, iron (Fe) is also incredibly versatile. Its 
interdependent magnetic, structural and mechanical proper-
ties can be drastically altered by alloying with other elements. 
Hard steels can be formed by the inclusion of small amounts 
of carbon (C), and corrosion-resistant steels by the further 
addition of chromium (Cr). Recent years have seen a renewed 
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 
fi ssion and fusion). It is within the context of materials design 
and predicting the long-term eff ects of irradiation and harsh 
environments on materials that modelling is 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.

Cr in Fe: The reluctant 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 still under investigation [2]. This is in particular 
the case at the onset of a Cr-rich phase known to form at low 
Cr concentrations and up to temperatures relevant to nuclear 
power plant operation. Magnetic interactions play a major 
role in the ability of the Cr atoms 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 Cr atoms there-
fore creates situations of magnetic frustration, and it is to be 

expected that the preferred confi gurations for the Fe and Cr 
atoms will be heavily constrained by magnetism at any given 
Cr concentrations. Confi gurations 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-fi eld 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 diff erent Cr arrangements is calcu-
lated and used as the discriminating criterion. Figure 1 shows 
the lowest energy structures that were found using the pro-

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, fi rst-
principles atomistic calculations are being performed on the pure Fe-Cr alloy in order to investigate the preferred 
confi gurations of Fe and Cr atoms as a function of the Cr concentration. A tendency of the Cr atoms to cluster 
beyond 12.5 at%Cr is 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.
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From Fe-Cr to steel: Atomistic calculations 
of binary Fe-Cr alloys
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Figure 1: Representation of the lowest energy structures found 

for 6.3, 9.3, 12.5 and 16.7 at%Cr alloys.



jector-augmented wave implementation of the 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%Cr and 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 diff erent 
structures having near-degenerate energies aft er 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 4×4×4).

Short-range ordering versus clustering

A quantitative means of qualifying the confi gurations of Cr 
and Fe atoms at a given concentration is by calculating the 
so-called short-range order parameter for each confi guration. 
For the binary alloy Fe1-xCrx, it can be defi ned per shell ‘l’ around 
a Cr atom as αl =1 - nFel /[(1 x)n_posl], where nFel is the number 
of Fe atoms  in the lth shell and n_posl is the total number of 
sites in this shell. This purely structural parameter is particu-
larly relevant to Fe-Cr alloy, and can be measured experimen-
tally by diff use neutron scattering measurements [5], whose 
results are reproduced in Figure 2 (full circles). 
In Figure 2, a negative short-range order parameter indicates 
short-range ordering, while a positive value reveals a ten-
dency to 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 
scale and 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%.

Modelling steel

The ab-initio, fi rst-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 steel is the study of the eff ect of interstitial 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 insight into the formation of carbon 
precipitates. Aft er analysing the large local deformation caused 
by the introduction of a single carbon atom in pure Fe, the 
affi  nity of the carbon for Fe or Cr was investigated on small 
supercells of the 12 at%Cr Fe-Cr system (Figure 3). A fi rst round 
of calculations indicates a preference of the carbon for Fe over 
Cr, while nitrogen (another impurity commonly found in Fe) 
would prefer proximity to the Cr atoms. These results are 
preliminary and are part of our on-going work on these systems.

Conclusions

A quantitative description of impurities, both substitutional 
(Cr) and interstitial (C, N), and their impact on, and preferred 
confi gurations in, the Fe matrix has been obtained using fi rst-
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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Figure 2: Weighted (1st and 2nd 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.

Figure 3: 2×2×2 supercells with 14 Fe, 2 Cr and either 1 C or 1 N.



The study of organic aerosols used to be frustrating for chem-
ists. Aft er years of instrumental development, only 10-30% of 
the particulate organic matter could be identifi ed as specifi c 

compounds. The recently available aerosol mass spectrom-
eter does not allow individual compounds to be identifi ed, 
but provides organic mass spectra at high time resolution that 

Organic particulate matter aff ects 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.

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

Organic aerosol in the atmosphere

Figure 1: Composition of particulate matter around the world in the northern hemisphere. HOA refers to fossil organic primary 

aerosol (often traffi c), 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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can be attributed by clever statistical methods to specifi c 
sources or components, such as organics from traffi  c emission 
or wood burning, or secondary organic aerosols that are pro-
duced from the oxidation of organic trace 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 oft en 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:C ratio bins. Atmospheric processing 
involves functionalization (e.g. adding acid groups to the 
organic molecules), 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:C ratio 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 aff ects the earth’s radiation budget and thus 
the climate. This link was found in smog-chamber experiments 
using individual precursors, such as the biogenic α-pinene 
and isoprene and the man-made trimethylbenzene, as well 
as in fi eld campaigns with varying degrees of pollution at the 
Jungfraujoch and in Mexico City. 

Outlook 

In the future, the functionalization, oligomerization and frag-
mentation reactions need to be studied in more detail and 
quantifi ed for diff erent types of emissions and compounds. 
Also, other potential influences 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 diff erent 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 14C analysis of the carbon in particulate matter, allowing 
fossil and non-fossil sources to be distinguished. 
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Figure 2: Schematic of the pathways of organic molecules during 

photo-oxidation.

Figure 3: Water uptake of 

organics (and thus their 

infl uence on cloud forma-

tion) versus the atomic O:C 

ratio for smog chamber 

experiments and fi eld 

campaigns.
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Introduction

Permanent and perennial snow covers a signifi cant fraction 
of Earth’s land mass, at times more than 50% in the northern 
hemisphere. The exchange of trace gases between air and 
snow aff ects the local composition of the air, and contributes 
to the temporary or permanent removal of atmospheric trace 
constituents into snow and ice. In ice 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 
transfer medium 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 complex inter-

play between physical transport processes in this highly po-
rous medium, as well as chemical transformation at the inter-
face between ice and interstitial air [1, 2]. The most important 
of these are the photolysis of nitrate leading to NO and NO2 
and the further reaction of NO2 to nitrous acid (HONO). HONO 
is an important precursor of OH radicals – oft en referred to as 
the atmosphere’s cleansing agent. Deciphering the nature of 
nitrate at the ice surface and the processes controlling the 
formation and transport of nitrous acid through snow is there-
fore important in 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) at the Advanced Light Source (ALS) to 
determine the concentration of nitrate and its hydrogen-
bonding environment within the upper few nm of ice. Figure 1 
compares oxygen K-edge NEXAFS spectra from clean ice, from 
ice doped with small amounts of nitrate and from a concen-
trated HNO3 solution.
It appears that the spectrum under conditions of low nitrate 
coverage can be represented as a linear superposition of a 
clean ice spectrum and the HNO3 solution spectrum. This in-
dicates that the nitrate-doped ice surface consists of clean 
ice and nitrate ions that are coordinated as in a concentrated 
solution.

The exchange of trace gases between air and snow has a wide range of eff ects 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. 

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

Tracking trace gases in snow 

Figure 1: Surface-sensitive X-ray absorption spectra of clean ice, 

nitrate doped ice and HNO3 solution.
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Photosensitized formation of HONO 

As mentioned above, the photolysis of nitrate leads to NO2. 
Among other secondary processes, NO2 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 in the air above a frozen humic acid solution. 
Experiments thus demonstrate that humics can transform NO2 
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 13N 
with which HO13NO was synthesized in our laboratory. A small 
flow containing the HO13NO was passed through the head-
space above a snow surface in our novel snow diff usion 
chamber (SDC). The complex migration could now be monitored 
from outside using γ-detectors. The slope of the migration 

profi le shown in Figure 3 allows the net migration velocity of 
HONO along the snow sample to be directly retrieved, using 
the half-life of 13N of 10 min as a stop watch. Analysis indicates 
that adsorption of HONO at the ice-air interface leads to about 
two orders of magnitude lower diff usivity than expected for 
diff usion alone of the same molecule in a medium with the 
same structure [4]. 

Acknowledgements

The experiments at the ALS (Lawrence Berkeley National 
Laboratory, Berkeley, USA) were conducted in collaboration 
with H. Bluhm and J.T. Newberg. Experiments with snow sam-
ples were performed in collaboration with B. Pinzer and 
M. Schneebeli at the WSL Institute of Snow and Avalanche 
Research, Davos, Switzerland, who also provided structural 
information about the snow samples to support the chemical 
experiments.

References
[1] T. Huthwelker, M. Ammann, T. Peter, Chemical Reviews 

106 1375 (2006).
[2] M. Kerbrat, T. Huthwelker, H. W. Gäggeler, et al., 

The Journal of Physical Chemistry C 114 2208  (2010).
[3] T. Bartels-Rausch, M. Brigante, Y.F. Elshorbany et al., 

Atmospheric Environment, in press (2010).
[4] B.R. Pinzer, M. Kerbrat, T. Huthwelker et al., 

Journal of Geophyiscal Research 115 D03304, 
doi:10.1029/2009JD012459 (2010).

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 NO2 in the gas phase are shown. 

The shaded area illustrates the accuracy of the HONO measure-

ment. Time zero denotes the beginning of the (fi rst) irradiation 

period.

Figure 3: 13N activity along the snow diffusion chamber as 

measured by the coincident γ-counter during exposure of the 

snow sample to HO13NO. The solid line at 45 mm represents 

the gas/snow interface. 
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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 identifi ed important technology options, such as carbon capture and storage, 
renewable energy (particularly biomass), nuclear energy and effi  ciency for achieving very low stabilization 
targets for atmospheric GHG concentrations, to support the development of policy in Europe.

The world today is confronted by a number of challenges aris-
ing from the supply and use of energy. Among these, climate 
change represents a major threat to long-term sustainable 
economic, social and environmental development. To forestall 
the most severe potential impacts from climate change, 
policy makers in Europe and elsewhere have set the goal of 
avoiding an increase of greater than 2°C in average global 
temperatures (above pre-industrial levels). Realizing such a 
target is likely to require technological change and the ap-
plication of new technology options in the energy sector to 
substantially reduce greenhouse gas (GHG) emissions. How-
ever, questions remain as to whether existing and prospective 
energy technologies are suffi  cient to achieve such stringent 
targets, and which technology options are most suitable.

Approach and methodology 

Analysis in the Energy Economics group in the Laboratory for 
Energy Systems Analysis at PSI has sought to address these 
questions by exploring scenarios that achieve stringent at-
mospheric GHG concentration targets (specifi cally, 550, 450 
and 400 parts per million (ppm) carbon dioxide-equivalent) 
over the 21st century. These scenarios present ‘what if’ descrip-
tions of the future that help to identify trends, robust technol-
ogy strategies, interactions across the energy system, and 
potential unforeseen challenges. Such scenarios are not 
predictions, but rather possible and relevant future outcomes 
based on a set of clearly understood assumptions. 
To quantify and analyze these scenarios, a global energy-
economic integrated assessment model was applied. This 
model – MERGE-ETL – represents the energy sector and 

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

Climate change mitigation options for 
the global energy system 

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 eff ective over the long term, so as 
to maximize global economic utility. The model includes a 
range of technology options for energy supply and conversion, 
covering fossil fuel power plants (both conventional and 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 
result of research and development (R&D) or experience using 
and manufacturing a technology. Further, PSI implemented a 
more detailed representation of the nuclear fuel cycle to ac-
count for the constraints inherent in the management of fi ssile 
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 diff erent 
target for atmospheric concentration of GHGs (ranging from 
‘Baseline’, in which there is no target, down to a very stringent 
400 ppm). Figure 1 shows the utility-maximizing set of tech-
nologies for global electricity generation in each scenario. We 
can see that responding to increasingly stringent climate 
change targets requires a number of technological develop-
ments. These include the large-scale adoption of carbon-free 
power plants and reductions in energy demand, mainly from 
improvements in effi  ciency. Under a 550ppm target, clean 
coal (integrated gasifi cation 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 coal technologies become signifi cantly less competitive 
due to the stringency of the target (even with CCS, because 
not all emissions can be captured). In contrast, natural gas 
(NGCC) is more attractive early in the century, and maintains 
this position later with the adoption of CCS. 
Overall, the results in Figure 1 show that major technological 
change is needed to realize very stringent mitigation targets, 
and new technologies are likely to play a signifi cant role. 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 of achieving the climate change 
targets. 

Further analysis of future options was conducted focusing on 
the technologies identifi ed 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 mix in the 
year 2100 under a stringent climate target of 400pm, across 
three scenarios of nuclear availability. The fi gure also shows 
the economic cost of achieving this climate mitigation target 
under the three cases. The results indicate that this mitigation 
target can be achieved with a phase-out of nuclear power, but 
at signifi cantly higher economic cost. On the other hand, 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 
major technological change is needed. Important technology 
options include carbon capture, renewables (particularly 
biomass), nuclear energy and effi  ciency.

This analysis represents an extract of work for the European 
Commission as part of the ADAM (Adaptation and Mitigation 
Strategies: Supporting European Climate Policy) project [1].
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Figure 2: Electricity generation shares for alternative nuclear 

scenarios, and GDP losses.
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The Paul Scherrer Institute runs Switzerland’s large-scale research 
facilities for users from the national and international scientifi c com-
munity, in particular for condensed matter, materials science and 
biology research. PSI is one of only two locations in the world provid-
ing the 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 on a 2.4 GeV electron 
ring and providing photon beams of high brightness at 17 beamlines.
Neutrons are produced at the continuous spallation source SINQ – the 
only one 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 (SμS) is the world’s most intense 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 SINQ and SμS are powered by a 590 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 are also open to external users, 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.

 90 PSI accelerators

 94 Swiss Light Source SLS

 96 Spallation Neutron 
 Source SINQ

 98 Swiss Muon Source SµS

 99 Ultracold Neutron 
 Source

User facilities 89

Instrument scientist 
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Operation and development of the 
high-intensity proton accelerator complex

The Swiss authorities approved a new operating licence with 
a raised beam current limit of 2.2 mA for standard operation 
and 2.4 mA for beam development. Operation at this current 
was established during 2009, with excursions up to 2.3 mA 
over some predefi ned 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 charge values delivered (shown in Table 1) represent 
new record values in the history of the PSI proton accelerator.
In the fi rst third of the run period, it was not possible to achieve 
the full current, because enhanced losses were observed in 
the ring cyclotron. A misaligned vertical collimator was iden-
tifi ed 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 major failures 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 II 
was disturbed by the collimator RIL2, that had mechanical 
problems and could not be set in a reproducible way. With 
modifi ed 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 shift s before its planned end, due to a major failure 
of site power. Figure 3 shows key fi gures 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, 10th harmonic 
buncher in the 72 MeV transfer line was tested. Promising 
results were obtained for low currents, but at high currents 

the behaviour of the beam is still not well understood and 
more studies are required.

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.

Stefan Adam, Andreas Lüdeke, Anton C. Mezger, Marco Schippers, Mike Seidel
Department of Large Research Facilities, PSI 

Operation of the PSI Accelerator Facilities in 2009

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 415 h 

total outage [current below 1mA] 556 h 

Availability 89.5 % 

Table 1: Beam-time statistics for the proton facility. 
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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 a temporary beam dump in the UCN beamline. 
In the week before Christmas, fi rst short-pulse beam tests 
were performed on the UCN target itself, in order to 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 
avoided in the future by preventive replacement during shut-
down. Controls and diagnostics problems are strongly coupled 
and their 13% contribution to downtime is higher than usual. 
The downtime caused by replacement of the fi laments of the 
ion source is a systematic eff ect, since the fi laments cannot 
survive the 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 
and throughout the year. Beam time is also used for commis-
sioning of Gantry 2, the eye-treatment facility OPTIS2, irradia-
tion at PIF and accelerator studies. The increase of operation 

time of about 330 h to 5169 h in 2009 was mainly caused by 
preparations for starting 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 amplifi er, a mechanical defect at the vertical 
deflector in the cyclotron, and control problems aft er the in-
stallation of new soft ware. As in previous years, scheduled 
maintenance was performed during Monday evenings and 
over six weekends, including the following Monday. In these 
cases, patients were treated the following Saturday. Accel-
erator developments concentrated on improvements to beam 
stability and reproducibility, and reduced wear of components 
by sputtering. 
Changing the ion source chimney from molybdenum to tung-
sten has doubled its service interval and increased day-to-day 
reproducibility. Sputtering processes result in the removal of 
material from the so-called puller electrode at the ion source. 
This eff ect 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). Aft er 
3 months, no wear from sputtering has been observed.

Figure 2: Downtime characterization for outages in the p-facility 

longer than 5 minutes (ca. 340 hours). 

Figure 3: Operation of the 

Proton Facility: availability, 

average current, delivered 

charge and beam trips.
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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. To reduce the losses at the 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 fi xed 
slit in the fi rst turn. Further improvements were obtained by 
modifying a vertical collimator. This collimator intercepts part 
of the beam in the fi rst few turns, when deflected by means 

of the vertical deflector plates. Calculations of the positions 
of the beam at the collimator have been confi rmed by foil-burn 
experiments. Following the calculations, the shape of the 
vertical collimator was matched to the locations and vertical 
sizes of the fi rst few turns. These modifi cations contributed 
signifi cantly to an increase of cyclotron performance and beam 
quality for treatment.

Development and operation of the SLS

The year 2009 has been the best year so far for the Swiss Light 
Source in terms 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 fi ve 
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 coupler window (64 hours). All main transformers have 
now been replaced and it is suspected that their production 
series had systematic problems. The water flow 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 3rd 
harmonic cavities, but the system still remains one of the 
biggest risks for long outages of the SLS. Figure 7 clearly shows 
that these long outages dominate the downtime statistics of 
the past years.
The longest outage last year was caused by a water leak in a 
higher-order-mode coupler of a cavity. The RF group optimized 
their process for sealing leaks by using a new glue that dries 
within a few hours. As a result, average repair time 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 4: Average operating hours per month and availability of 

PROSCAN in 2009. 

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).

Figure 5: Contributions of subsystems to downtime.
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Not only beam outages are disturbing operation. Failure of 
the injector or a deviation from the desired beam parameters, 
such as the beam lifetime or beam size, can signifi cantly aff ect 
the quality of experimental conditions. In order to enable 
effi  cient and thorough investigation of such beam distortions, 
we have developed an operation event logging system [1]. An 
event is defi ned by start and stop rules. The relevant informa-
tion related to the event, such as archived beam data, related 
entries in the shift  logbook or lists of alarms, are automati-
cally collected to support quick and comprehensive investiga-
tion of the circumstances that led to the disruption of opera-
tion. Several types of events are currently defi ned: downtime, 
beam-drops, bad beam lifetime and expansion of the vertical 
beam size. Each event will be assigned to a failure category 
aft er its causes have been identifi ed. Figure 8 shows downtime 
events in 2009 assigned to diff erent failure categories.

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 of information for upgrade and maintenance 
planning. One measure that is currently in process is the 
prevention of false arc interlocks in the RF system. About 20% 
of all beam 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 wiggler in the SLS. The 
new undulator will generate photons up to 30 keV at a gap of 
3.5 mm. We will install a new aperture-limiting scraper in order 
to protect the insertion devices with these extremely small 
gaps. The scraper will be installed in the injection straight, far 
away from the next beamline. In this way, the loss of halo-
electrons with large vertical displacements will be localized 
without aff ecting user instruments. A new mode of operation 
was developed in 2009: the low-alpha mode [2], which allows 
the generation of electron pulses shorter than 10 picoseconds. 
The X-rays generated by these electron pulses can be used for 
time-resolved measurements. This mode will be off ered for 
pilot experiments in 2010.

References
[1] A. Lüdeke, The Operation Event Logging System of the 

Swiss Light Source, Phys. Rev. ST Accel. Beams 12 
024701 (2009).

[2] N. Milas, A. Streun, M. Böge, Low Alpha Operation of the 
SLS, this report.

Figure 7: Total downtimes for long and short events.

Figure 8: Downtime per failure category in 2009.

Beam-time statistics 2009 2008

Total beam time

• user operation

• – incl. compensation time 

• beamline commissioning

• setup + beam development

Shutdown

6704 h

5007 h

144 h

896 h

800 h

2064 h

76.5%

57.1%

1.6%

10.2%

9.1%

23.6%

6824 h

5160 h

144 h

848 h

816 h

1968 h

77.7%

58.7%

1.6%

9.7%

9.3%

22.4%

User operation downtimes

• unscheduled outage duration

• injector outage (non top-up)

68

66 h

14 h

1.3%

0.3%

78

218 h

23 h

4.2%

0.5%

Total beam integral 2460 Ah 2448 Ah

Availability 98.7% 95.8%

Availability after Compensation 101.6% 98.5%

MTBF 72.6 h 65.3 h

MTTR (mean time to recover) 1.0 h 2.8 h

Table 2: SLS operation statistics.
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The Swiss Light Source in 2009: 
Finishing the build-up and pushing the science

Stefan Müller, Clemens Schulze-Briese, Christoph Quitmann, J. Friso van der Veen, SLS, PSI

The inauguration of the NanoXAS beamline in November 2009 rang the bell for the fi nal round of beamline build-
ing at SLS. Achieving excellent scientifi c 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 PX beamlines 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 past year showed a signifi cant increase in the number of 
proposals, reaching 724. More than 1500 individual users 
carried out a total of 1053 experiments, visiting the facility on 
average twice per year. Figure 1 shows the number of propos-
als submitted since SLS started regular user operation in 2002. 
Overbooking for ADRESS and PX-I 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-
ing at the high-throughput beamline X06DA and high-resolu-
tion data collection at the 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 out at the PX beamlines by companies such as Roche, 

Novartis and Böhringer (Figure 2). This high demand triggered 
the founding of the service crystallography company Expose 
as a PSI spin-off . The other 20% was dedicated to X-ray lithog-
raphy, powder diff raction and tomography.

Open access for academic users

Access for academic researchers from EU member and as-
sociated states is supported through the European integrated 
infrastructure project ELISA. In 2009, 50 % of beam time was 
given to academic 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 Scientifi c Advi-
sory Committee (SAC) was augmented by FEL specialists, Figure 1: Number of submitted proposals in the years 2002–2009.

Figure 2: 2009 distribution of the SLS experimental days 
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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 PSI on strategy for the 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 fi nal beamlines and 
upgrading the fi rst

A highlight of the year was 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-
Nürnberg and was jointly fi nanced by Swiss and German 
agencies.
Two new beamlines, Phoenix and X-Treme, will be opera-
tional in the second half of 2010. Both beamlines are for X-ray 
absorption spectroscopy, with Phoenix focusing on environ-
mental and materials research and X-Treme on dichroic stud-
ies with a high-intensity magnetic fi eld and at low temperature. 
A dedicated beamline (XIL-II) was built for the successful X-ray 
Interference Lithography project, thus providing seven times 
more beam time than before. In addition, the new XIL-II 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 by industry as a test bed for state-of-the-art lithography. 
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 off ers a full range of syn-
chrotron radiation applications to its users, the focus has 
shift ed towards the thematic scope of in-house research and 
scientifi c cooperation with our users. As part of this change, 
the structure of the Synchrotron Radiation and Nanotechno -
logy Department (SYN) was redefi ned. 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-
house research programme in their respective areas. The fourth 
laboratory in the SYN Department performs research in micro- 
and nanotechnology (LMN). LMN operates the XIL-II beamline 
for X-ray Interference Lithography, enabling the 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 

For the fi rst time, the annual PSI Summer School on Condensed 
Matter Research at the Lyceum Alpinum in Zuoz was followed 
by a two-day lab course at PSI. During the lab course, students 
could gain hands-on experience when running an experiment 
at the SLS, SμS 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, as well as indus-
trial catalysis. The School brought together 96 participants, 
with 14 diff erent nationalities and affi  liations [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 SμS) and 
involving the newly founded Joint Users’ Association of PSI 
(JUSAP) to select workshop topics. It attracted more than 220 
scientists.

Highlights

It is a great honour for us that our long-term user of the 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).
The reports presented in the ̒ Research focus and highlightsʼ 
section of this report represent only a small selection from 
many results achieved at SLS. In 2009, a remarkably high 
number of user publications (41 in total) appeared in the lead-
ing journals Science, Nature, Cell and 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 SLS in 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 fi rst 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 PSI and ETH Zurich. Fi-
nally, during the last few operating days of December, the fi rst proton beam was delivered to our new Ultracold 
Neutron target station, UCN.

New records ...

Thanks to the proton accelerator again performing very reli-
ably – for three years in a row, the availability of the 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 fi rst time, so that the previous record 
from 2005 was exceeded by 7%! The new solid-target genera-
tion “7”, with Pb in Zirkaloy tubes and a Pb blanket, provided 
a gain factor in 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.

This outstanding reliability provided the basis for successful 
SINQ user operation 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 fi rst time, more than 700 user 
visits were recorded and over 400 diff erent scientists came 
to perform experiments at the Swiss spallation source. 
Fift y-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 diff erent countries. As can be 
seen from Figure 1, SINQ also played an essential role in the 
scientifi c 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 number illustrates 
very clearly the interest of the international user community 
in SINQ for the future.

... and a silver jubilee

On 1 October 1984, the Laboratory for Neutron Scattering (LNS) 
was founded as a joint venture between a predecessor of the 
Paul Scherrer Institute (the EIR) and ETH Zurich. Since then, 
25 years full of scientifi c 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 under his direction major milestones were reached 
and a neutron-scattering programme with several instruments 
was carried out at the 10 MW SAPHIR reactor. In 1988, LNS was 
strongly involved in establishing Swiss participation at the Figure 1: Career status distribution of SINQ users 2009.
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ILL/Grenoble, which became even more important aft er the 
shutdown of the SAPHIR reactor in 1993, aft er which no Swiss 
neutron source was available. From 1993 onwards, LNS was 
also strongly involved in organizing the 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. 
Aft er the fi rst SINQ neutrons had been delivered in December 
1996, the tasks of the Laboratory shift ed more and more from 
the construction of new instruments to their operation, with 
many hundreds of users per year. Of course, the delicate bal-
ance between user service and in-house research was, and 
still is, a major challenge for the Laboratory, but is being im-
pressively met, as is demonstrated by the approximately 
100–120 LNS publications per year. 
Aft er the retirement of Albert Furrer at the end of 2004, Joël 
Mesot became the new head of LNS and directed the Labora-
tory until July 2008, when he became director of PSI. Jürg 
Schefer then 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 fi rst joint user meeting at PSI: JUM@P

On 12–13 October 2009, for the very fi rst 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 (SμS).
This Joint Users’ Meeting, called JUM@P ’09, was organized 
by PSI and its Users’ Association, ‘JUSAP’. The meeting aimed 
at bringing together the three user communities and generat-
ing new synergies among scientists, driven by common sci-
entifi c, rather than technical, interests.
Not only the scope of the meeting was new, there was also a 
novel approach to defi ning the scientifi c programme. The 
organizers proposed certain scientifi c symposia and let the 
user community vote on them. Driven by the result, a total of 
six workshops were then selected by the organizing commit-
tee, ranging from ‘Correlated Electron Systems’ to ‘Protein 
Crystallography’.
A plenary session with invited presentations, two poster ses-
sions, a conference dinner and visits to the PSI facilities 
completed the meeting. The scientifi c programme is still online 
and can be seen at: http://user.web.psi.ch/jump09

Finally, the PSI Thesis Medal was awarded for the fi rst time. 
This prize will be awarded biennially for an outstanding PhD 
thesis that contains signifi cant results obtained at one or more 
of the PSI user facilities, and consists of a medal, a certifi cate 
and prize money. This year, the prize was awarded to Florian 
Piegsa (currently working as a Post Doc at ILL Grenoble, France) 
for his work 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 user communities. Fift y-one talks were given and almost 
100 posters presented. Aft er the successful start of the JUM@P 
series, it is envisaged establishing this new format of PSI 
user meetings every two years.

Figure 2: Florian Piegsa (left) receives the fi rst PSI Thesis Medal 

from Prof. J. Friso van der Veen. 
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SµS 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. 

SµS User Laboratory

The Swiss Muon Source, SμS, at PSI and the pulsed muon 
facilities at ISIS in the UK are the only muon sources in Europe. 
SμS, however, provides unique research capabilities, with its 
very high-intensity continuous muon beams and state-of-the-
art instrumentation. 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 publications in journals with high impact factor, such 
as Nature (1), Nature Materials (3), the Journal of the American 

Chemical Society (2) and Physical Review Letters (10). Thanks 
to the excellent and reliable performance of the PSI proton 
accelerator and beamlines, almost 190 experiments were able 
to be performed on the six instruments, in approximately 700 
experiment-days. 
The facility is used by Swiss groups from PSI and 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 diff erent 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 scientifi c research, user op-
eration and the development of new instruments and tools to 
cope with future challenges. In this respect, 2009 was also 
very successful, because a proposal to build a new instrument 
for muon spin spectroscopy research in high magnetic fi elds 
(up to 10T) and at low temperatures (20 mK) (Figure1) was 
approved and granted high priority within PSI’s strategic plan. 
This is very encouraging and important news, since the reali-
zation of this very challenging project will provide SμS 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. 
 

Figure 1: Sketch of the sample region of the high-fi eld instrument. 

To achieve good positron detection effi ciency, the spectrometer 

must be very compact and operate with time resolution at or 

below 100 ps, at the highest fi eld strength. This is achieved by a 

special design based on avalanche photodiode detectors.
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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, PSI, 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 fi rst proton beam on the spallation target. The beam was de-
livered in a well-elaborated sequence of 5 ms pulses, from 100μA up to a full beam current of 2 mA. This test run 
successfully confi rmed 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 PSI UCN source is a new type of ultracold neutron source 
based on neutron production via spallation and subsequent 
separated neutron storage. It is driven by the full 590 MeV 
proton beam from the PSI ring cyclotron (Ip > 2mA), using 
several-seconds-long pulses at a 1% duty cycle. A lead/zircaloy 
cannelloni spallation target is used for neutron production. 
The proton beamline up to the target was successfully tested 
in December 2009 and fi rst neutrons were produced and 
observed (Figure 1). A large D2O moderator, a solid deuterium 
(sD2) 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, an increase of almost two orders of magnitude 
over the present best source (at ILL).
The core of the source is the technically most challenging 
component, the sD2 crystal container, where neutrons are 
down-scattered to become ultracold. This vessel will contain 
30 litres of solid D2 at 5 K, cooled by supercritical helium cir-

culating in a multi-channel labyrinth through the side wall 
and bottom plate. UCN can leave the sD2 upwards via the 
vertical guide to the UCN storage volume. This volume of about 
2m3 (Figure 2) should store as many UCNs as feasible for pe-
riods as long as possible. The special UCN-preserving coating 
on the inside of the volume is made from diamond-like carbon. 
The technical challenge was to produce and coat the large 
wall and bottom pieces and assemble the volume with minimal 
gaps, in order to avoid losing stored ultracold neutrons.
Installation and commissioning of the cryogenic system, in-
cluding the sD2 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 
summer 2010. This should be in time for the scheduled restart 
of the cyclotron aft er its winter shutdown.
The UCN source will serve two experimental areas. In the South 
area, the experiment to search for the electric dipole moment 
of the neutron (nEDM) has been installed. The nEDM collabo-
ration is already pursuing an extensive off line measurement 
programme and will be ready to detect the fi rst ultracold 
neutrons delivered.

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.

Figure 2: Finished setup 

of the UCN storage 

volume surrounded by 

the heat radiation 

shield, vertical UCN 

guide on the bottom 

and ~10 tons steel 

shielding on top 

(about 5m tall): 

a) design drawing, 

b) during transport to 

its fi nal position in the 

UCN tank.
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The design and construction of the large research facilities at the 
Paul Scherrer Institute constantly require new and innovative solu-
tions at the cutting-edge of current technologies. Both scientists and 
engineers at the Institute are successfully pushing the limits in vari-
ous technological fi elds, from power electronics to precision machin-
ing to nanotechnology. Alongside achievements in the various re-
search fi elds being investigated at PSI, these accomplishments off er 
outstanding opportunities for commercialization by industrial part-
ners.
The Technology Transfer offi  ce at PSI is ready to assist representatives 
from industry in their search for opportunities and sources of innova-
tion at PSI, or to prepare the way for solutions to their own techno-
logical challenges.
The following pages present some promising technologies still to be 
discovered by our industrial partners.

Technology transfer 101

PSI researcher Marteen 

Nachtegaal preparing an 

investigation of catalyst 

material at the SLS.
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Technology-transfer projects rely on the quality of the relation-
ships between the persons involved in diff erent aspects with 
both partners. A major factor shaping these relationships is 
the layout of the contractual framework and collaboration 
concept which is adopted for each transfer project. The great-
est task within these boundary conditions is the alignment of 
the needs and expectations of the industrial and scientifi c 
partners.
The most eff ective 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-
velopment is to make available the instruments and methods 
used at our large research facilities. As a user lab, PSI develops 
and operates instruments and equipment for a wide range of 
applications, from material and structure analysis to imaging. 
The services off ered by PSI include the evaluation of the ap-
propriate measurement confi guration, 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 signifi cant model 
of technology transfer is projects involving intellectual prop-
erty rights (IPR) generated at PSI. If it is the granting of rights 

to use PSI-owned IPR or the transfer of patents, the industrial 
partner expects a direct economic advantage from applying 
such protected IPR in itsproducts and is ready to compensate 
PSI for this advantage.
Research collaborations off er 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 agreement which includes the project plan, provisions 
on intellectual property and confi dentiality is the basis for 
such collaboration. A public-funded collaboration project in 
the General Energy Department has been concluded in 2009 
with Alstom Power (see article on page 64).
If you are interested in one of the technology transfer models 
described above, or if you are looking for advice or consulta-
tion on a specifi c topic, the Technology Transfer offi  ce is ready 
to connect you 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 

The mission of the Technology Transfer offi  ce 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 
to increase the competiveness of PSI’s industrial partners in their markets by off ering 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 benefi ts from the exploitation of our scientifi c work.

Robert Rudolph, Technology Transfer Offi  ce, PSI; Rouven Bingel-Erlenmayer, Vincent Olieric, Meitian Wang, 
Roman Schneider, Claude Pradervand, Wayne Glettig, Takashi Tomizaki, Ezequiel Panepucci, Vincent Thominet, 
Jörg Schneider, Andreas Isenegger, Clemens Schulze-Briese, Swiss Light Source SLS, PSI; José Gabadinho, 
Xiaoqiang Wang, GFA Department, PSI; Yohannes Ghermay, Joannis Mantzaras, Rolf Bombach, Combustion 
Research Laboratory, PSI

Technology Transfer:
At the gateway between research and industry
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evaluated in the X-ray beam for their diff raction properties, 
and oft en they only yield low-resolution data of insuffi  cient 
quality to determine the crystal structure. Only aft er these 
initial diff raction experiments can scientists start to optimize 
the crystallization conditions which ultimately should lead to 
the solution of the structure of the macromolecule. 
In order to reduce the time required for this iterative cycle, the 
SLS team has built a protein crystallization platform which is 
directly integrated with the protein crystallography beamline 
X06DA. This crystallization platform is open to both aca-

demic and industrial users. The setup allows users to send 
their purifi ed 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 
crystals in an automated manner in situ, i.e. in the crystalliza-
tion container, for their X-ray diff raction behaviour (Figure 2). 
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Figure 1: Liquid-handling robot of the crystallization facility. The platform can carry out all steps of the workfl ow necessary to set up 

crystallization experiments in the nanolitre scale.

Figure 2: Sample-changing 

robot equipped with a 

gripper holding a 

crystallization plate into 

the X-ray beam at the 

X06DA beamline.



Therefore, the novel layout designed by the SLS team gives 
users rapid feedback on important crystal parameters, such 
as the diff raction 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 oft en a source of harmful treatment. The results of 
the in situ X-ray diff raction screening will guide the users in 
planning and prioritizing the optimization of the crystallization 
experiments. The optimization steps can also be carried out 
at the SLS crystallization platform.

Combustion of hydrogen-rich fuels for gas 
turbine applications

Syngas, consisting mainly of CO and H2, can be produced from 
a variety of sources, including biomass and coal, and has 
recently attracted increased interest for enhancing 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 (KTI and CCEM funded projects), the ignition charac-
teristics of pure hydrogen and syngas mixtures have been 
investigated in catalytic channel-flow confi gurations.
In a fi rst study, the impact of fractional hydrogen pre-conver-
sion on the subsequent homogeneous ignition of fuel-lean 
(equivalence ratio φ = 0.30) H2/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 
and increased temperatures for the ensuing reactive mixture 
and also furnishes main combustion products and radicals 
over the gaseous induction zone.
Experiments have been performed in an optically accessible 
channel-flow catalytic reactor and involved planar laser-in-
duced fluorescence (LIF) of the OH radical for the 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 
chemical reaction schemes [2, 3]. 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 eff ects 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 of the reactive mixture, restored homogeneous com-

bustion for p ≥ 5 bar (see Figure 3). It could be shown [4] that 
the re-establishment of gaseous combustion at elevated 
pressures with increasing pre-conversion was highly desirable, 
as it moderated the reactor surface temperatures. 
In a second step, syngas combustion was investigated using 
the same experimental and numerical tools. Figure 4 provides 
comparisons between measured (a) and predicted (b) OH 
distributions for a specifi c syngas mixture at atmospheric 

104 Technology transfer PSI Scientifi c Report 2009

Figure 3: LIF measured (a), and numerically predicted (b), 

distributions of the OH radical during fuel-lean (φ = 0.30) 

combustion of H2/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. 

Figure 4: LIF measured (a), and numerically predicted (b), 

distributions of the OH radical during fuel lean (φ = 0.33) 

combustion of syngas/air mixtures (CO:H2 molar ratio of 2:1) 

at p = 1 bar, in the same reactor as Fig. 1. Plate (c) provides 

predictions when CO is replaced with inert N2. The arrows 

indicate the onset of homogeneous ignition. The bar provides 

OH in ppmv. 



pressure. In Figure 4(c), the predictions were repeated by 
replacing CO with inert N2. Results indicate that, while the 
onset of homogeneous ignition is not influenced 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 for this is that gas phase com-
bustion of hydrogen (without CO) is confi ned close to the wall 
(see Figures 3 and 4c). The diff usionally neutral CO fuel com-
busts farther away from the wall, the ensuing heat release 
raises the channel core temperature, and this in turn supports 
gaseous H2 combustion away from the wall. The result is that 
gaseous conversion of H2 can be accomplished with consider-
ably shorter reactor lengths (Figure 4c) in the presence of CO 
– an important design aspect for practical reactors.
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Good science needs good people. It needs those who do the 
science – PSI scientists as well as external users – and it needs the 
technicians and engineers who design, build and run the highly 
sophisticated scientifi c 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. 
The following pages give an overview of who the people are who work 
at PSI, 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 PSI in 2009 amounted to CHF 321.0 
million, with the Swiss government providing 74.74% of this 
amount, i.e. CHF 239.9 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. 

Employment

At the end of 2009, employment at PSI corresponded to 1300 
full-time equivalent staff  positions, of which 463 were occu-
pied by scientists, not including the 185 PhD students em-
ployed by the Institute. A further 749 positions were occupied 
by technicians and engineers, a relatively large number, re-
flecting the importance of technical staff  for the successful 

operation of a large laboratory with its variety of scientifi c 
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 PSI for their degree. Meanwhile, 
80 young people were undergoing vocational training in 13 
diff erent professions. In addition, PSI off ered courses in ra-
diation protection and reactor technology for internal staff  as 
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 scientifi c research. 
In 2009, iLAB hosted 105 such classes. 
PSI scientists are also active as educators outside the Institute, 
with more than 80 of them giving courses at universities and 
universities of applied sciences.

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 35.33 %

Federal research funding 15.6 19.48 %

EU programmes 8.1 10.11 %

Support by the Canton of Aargau for 
Proton Therapy

10.0 12.48 %

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.

Figure 1: Total budget distribution for 2009 across PSI Depart-

ments. Research facilities allocated to the various departments.
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Solid-State Research 
and Materials Science 
38%

General Energy 
14%

Nuclear Energy 
18%

Particle 
Physics 
13% 

Life Sciences 
17%

Table 1: PSI fi nances in 2009.



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 
at the 39 beamlines available at the large-scale facilities. The 
high demand is reflected in the overbooking that occurred, 
with an average value of more than 2. However, for the 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 SμS. 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. 

Research Commission

The Research Commission of the Paul Scherrer Institute ad-
vises the Directorate on decisions related to the scientifi c 
research carried out at the Institute. It evaluates proposed 
new projects and applications for fi nancial support from ex-
ternal agencies, assesses ongoing projects and helps defi ne 
appropriate new research topics for the Institute. The Com-
mission consists of 13 staff  from the various departments of 
PSI. Once or twice a year, meetings of the Strategic Research 
Commission are held, which, in addition to the members of 
the Internal Research Commission, also includes 11 scientists 
of high scientifi c 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. 

User lab 2009

SLS SINQ SµS Particle 
physics

PSI 
total

(2008)

No. of beam-
lines/
instruments

15 13 6 5 39 (40)

No. of 
experiments

1053 488 188 5 1734 (1658)

No. of 
user visits

3145 789 342 250 4526 (3954)

No. of 
individual 
users

1518 406 148 150 2168 (2334) 
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Figure 2: Age distribution (upper chart) and career status (lower 

chart) of users at SINQ, SLS and SµS in 2009. Most users at PSI’s 

large-scale facilities are young people at the beginning of their 

scientifi c careers.

71–80 0.4%

61–70 1.7%

30 and younger
41.3%

31–40  35.4%

41–50 16.4% 

51–60 4.8%

Undergraduate 
students
7%

PhD students
33%Post Docs

23%

Senior Scientists
37%

Table 2: PSI user service in numbers.



Research Commission

External Members
Prof. Dr. Ø. 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 Jülich, 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. Leppävuori  VTT Technical Research Centre of Finland, FI
Prof. Dr. T. Mason  Oak Ridge National Laboratory, USA
Prof. Dr. J. Rossbach  Institute for Experimental Physics, University of Hamburg, DE
Prof. Dr. Th. Sattelmayer  Chair of Thermodynamics, TU München, 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. I. Mantzaras  General Energy (ENE)
Dr. W. Pfi ngsten  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

 

Commission and committees 
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Synchrotron Radiation SYN
Scientifi c 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 Würzburg, DE
Prof. Dr. K. Diederichs
University of Konstanz, DE
Prof. Dr. J. Evans
University of Southampton, UK
Dr. J. Feldhaus
DESY, Hamburg, DE
Prof. Dr. J. 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. Rühl
Freie Universität 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 Scientifi c 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. J. Bücherl
TU München, DE
Prof. Dr. R. G. M. Caciuff o
Institute for Transuranium Elements, 
Karlsruhe, DE
Prof. Dr. J. K. G. Dhont
Forschungszentrum Jülich, DE
Prof. Dr. J.-L. Garcia-Munoz
Inst. de Ciencia de Materials 
de Barcelona-CSIC, ES

Dr. K. Krämer
University of Bern, CH
Prof. Dr. S. L. Lee
University of St. Andrews, UK
Prof. Dr. M. Müller
GKSS, Geesthacht, DE
Prof. Dr. B. Schönfeld
ETH Zurich, CH
PD Dr. A. Stradner
University of Fribourg, CH
Prof. Dr. W. Treimer
Beuth Hochschule für 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. J. 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. J.-M. Triscone
University of Geneva, CH

Particle Physics at the Ring Cyclotron 
Dr. C. Hoff man, 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 München, 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. Grütter
University of Zurich, CH
Prof. Dr. Ch. W. Müller
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 Mühleberg, CH 
Prof. Dr. K. L. Peddicord
Texas A&M University, College Station, USA 
Dr. U. Schmoker
ENSI, Brugg, CH 
Dr. J.-B. Thomas
CEA-Saclay, Gif-sur-Yvette, FR 
Prof. Dr. S. Virtanen
University of Erlangen-Nürnberg, DE 
Dr. P. Zuidema
Nagra, Wettingen, CH

General Energy ENE
Prof. Dr. T. Peter, President
ETH Zurich, CH
Prof. Dr. G.-L. Bona
Empa, Dübendorf, CH
Dr. T. Kaiser
ALSTOM (Schweiz), Baden, CH
Prof. Dr. H. Müller-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 Offi  ce of Energy, Berne, CH

Research Committees
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Research Department

Nuclear Energy and Safety (NES)
Dr. Jean-Marc Cavedon

Reactor Physics and Systems Behaviour Martin Zimmermann a.i.
Thermal Hydraulics Prof. Dr. Horst-Michael Prasser
Hot Laboratory Dr. Didier Gavillet
Waste Management Dr. Michael Bradbury
Nuclear Materials Hans-Peter Seifert a.i.

Energy Systems 
Analysis
Dr. Stefan Hirschberg

Energy and 
 Environment
Prof. Dr. 
Jeroen van Bokhoven

Director:
Prof. Dr. Joël Mesot

Members of the board of directors:
Martin Jermann, Head of Staff*
Dr. Kurt N. Clausen
Prof. Dr. J. Friso van der Veen*
Prof. Dr. Alexander Wokaun*
Dr. Jean-Marc Cavedon
Prof. Dr. Gebhard Schertler
Prof. Dr. Leonid Rivkin
Dr. Peter Allenspach

Human Resources
Ursula Schmid

Research Commission
Prof. Dr. Roland Horisberger

Safety
Dr. Roger Andres

Large-Scale Project SwissFEL
Dr. Hans-Heinrich Braun/Dr. Rafael Abela

Communications
Dagmar Baroke

Competence Center for Energy 
and Mobility (CCEM-CH)
Operating Director: Dr. Philipp Dietrich

Technology Transfer
Robert Rudolph

Center for Proton Therapy
Prof. Dr. Eugen Hug

Research Department

Research with 
Neutrons and Muons (NUM)
Dr. Kurt N. Clausen

Particle Physics Prof. Dr. Klaus Kirch
Neutron Scattering Prof. Dr. Andrey Zheludev
Spallation Neutron Source Division Dr. Werner Wagner
Muon Spin Spectroscopy Prof. Dr. Elvezio Morenzoni
Development and Methods Dr. Michel Kenzelmann

Center for Radiopharmaceutical Sciences Prof. Dr. August Schubiger
Biomolecular Research Prof. Dr. Gebhard Schertler i.P.
Radiochemistry and 
Environmental Chemistry Prof. Dr. Andreas Türler

Research Department

Biology and Chemistry (BIO)
Prof. Dr. Gebhard Schertler

Research Department

General Energy (ENE)
Prof. Dr. Alexander Wokaun

Bioenergy and Catalysis Dr. Oliver Kröcher
Solar Technology Prof. Dr. Aldo Steinfeld
Combustion Research Dr. Peter Jansohn
Electrochemistry Dr. Günther Scherer
Atmospheric Chemistry Prof. Dr. Urs Baltensperger

Department

Large Research Facilities (GFA)
Prof. Dr. Leonid Rivkin

Accelerator/Concepts and Development Dr. Terence Garvey
Accelerator/Operation and Development Dr. Mike Seidel
Technical Support, Co-ordination 
and Operation Jürgen Duppich

Department

Logistics (LOG)
Dr. Peter Allenspach

Finance and Administrative Services Karlheinz Falk
Buildings and Services Lilian Jakob
Infrastructure and Electrical Engineering Max Huser
Mechanical Engineering Sciences Dr. Urs Ellenberger
Information Technology Dr. Stephan Egli
Radiation Safety and Security Christian Wernli
Communications Dagmar Baroke

Research Department

Synchrotron Radiation and 
Nanotechnology (SYN)
Prof. Dr. J. Friso van der Veen

Macromolecules and Bioimaging Dr. Clemens Schulze-Briese
Condensed Matter Dr. Christoph Quitmann
Micro- and  Nanotechnology Prof. Dr. Jens Gobrecht

Organizational Structure

* Executive Committee / Deputy Directors



Where to fi nd 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 lists include the following:
• Peer-reviewed publications
• Invited talks
• Dissertations
• Conference Proceedings
• Lectures

Also included on the CD is the Annual Report (Jahresbericht) in German.

Links to other research not featured here can be found on our website: 
www.psi.ch (Research at PSI).
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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. 4th 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? 4th 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 I.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. PTCOG48, 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. PTCOG48, 
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. PTCOG48,  
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 für Radio-Onkologie. Alpbach/Tirol, Austria, February 11 – 14, 2009.  
 
Hug E. B. 
Seminar for Swiss Radiation Oncology Residents, Swiss society for Radio-oncology, Bern, 6th 
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 für den Patienten 
Enquete des Niederösterreichischen Landtages. St. Pölten, Österreich, September 3, 2009 
 
Hug E. B.  
Interdisziplinäres 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 
10th 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, 100th 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, 4th 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 für 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 
Zürcher Fachhochschule für Angewandte Wissenschaften (ZHAW), Zürich, 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 
8th PSI Summer School on Condensed Matter Research, Zuoz, Switzerland, 01-07.08.2009 

T. Jung 
Oberflächenphysik 
Universitaet Basel, Studiengänge 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 
Oberflächenphysik, 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 
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F. Meier 
Übungen Physik 1 
Universität Zürich, 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 
4th 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. Bösiger, K. Prüssmann, J. Vörös, 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 Zürich, HS 2009 

P. Willmott 
An Introduction to Laser Physics and Laser Spectroscopy 
Sommersemester 2009, Physical Chemistry, University of Zürich 

P. Willmott 
An Introduction to Synchrotron Radiation: Techniques and Applications 
Herbstsemester 2009, Physical Chemistry, University of Zürich 

PUBLICATIONS WITH SYN AUTHOR(S) AND DESCRIBING AN SLS 
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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) 
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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 GI 
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 GI, 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 I, 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 EI, Crispini A, Pucci D 
Anion dependent mesomorphism in coordination networks based on 2,2 '-bipyridine silver(I) 
complexes 
DALTON TRANSACTIONS 36, 7381 (2009) 

Bergamaschi A, Cervellino A, Dinapoli R, Gozzo F, Henrich B, Johnson I, 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) 
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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 BaZr0.9Y0.1O2.95 proton conductor 
APPLIED PHYSICS LETTERS 95, 22 (2009) 

Bressler C, Milne C, Pham VT, ElNahhas 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(II) 
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, Feidenhansl 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 La1.48Nd0.4Sr0.12CuO4 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, Ikeda 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) 
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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, Ilgenstein 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 AlMgSi 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 
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JOURNAL OF NUCLEAR MATERIALS 385, 346 (2009) 
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Materials 
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X-ray Absorption and Emission Spectroscopy of Cr-III (Hydr)Oxides: Analysis of the K-Pre-Edge 
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C. Rytka, H. Schift, H.H. Solak, C. Hofmann, J. Gobrecht 
Nano injection molding : Processes and quality control 
NNT2009, International Conference on Nanoimprint and Nanoprint Technology, San Jose, CA, 
USA, 11-13.11.2009 

S.S. Sarkar, M. Saidani, H.H. Solak. C. David., J.F. van der Veen 
High resolution Fresnel zone plate fabrication by achromatic spatial frequency multiplication with 
extreme ultraviolet light 
35th International Conference on Micro and Nano Engineering (MNE 09), Gent, Belgium, 
28.09-01.10.2009 

Y.Sassa, M. Maansson, J. Chang, X. Cui, M. Shi, J. Kanter, L. Patthey, B. Batlogg, J. Mesot 
Probing the Electronic Properties of Na0.80-0.85CoO2 by ARPES 
MaNEP Workshop, Les Diablerets, Switzerland, 26-28.08.2009 

Y.Sassa, M. Maansson, J. Chang, X. Cui, M. Shi, J. Kanter, L. Patthey, B. Batlogg, J. Mesot 
Probing the Electronic Properties of Na0.80-0.85CoO2 by ARPES 
JUM@P, PSI,Villigen, Switzerland, 12-13.10.2009 

H. Schift, C. Spreu, M. Saidani, M. Bednarzik, J. Gobrecht, A. Klukowska, F. Reuther, 
G. Gruetzner, H.H. Solak 
Transparent hybrid polymer stamp copies with sub-50 nm resolution for thermal and UV-
nanoimprint lithography 
EIPBN2009, Int. Conf. on electron, ion and photon beam technology and nanofabrication, 
Marco Island, Florida, USA 26-29.05.2009 

H. Schift, C. Spreu, A. Schleunitz, J. Gobrecht, A. Klukowska, F. Reuther, G. Grützner 
Easy mask-mold fabrication for combined nanoimprint and photolithography 
EIPBN2009, Int. Conf. on electron, ion and photon beam technology and nanofabrication, 
Marco Island, Florida, USA 26-29.05.2009 

A. Schleunitz, C. Spreu, H. Schift, T. Mäkelä, T. Haatainen, J. Ahopelto, A. Klukowska 
Replicated sol-gel stamps with metal backbone used for roll-to-roll manufacturing 
MNE, Int. Conf. on Micro- and Nanoengineering, Ghent, Belgium, 28.09-01.10.2010 

A. Schleunitz, C. Spreu, T. Haatainen, A. Klukowska, H. Schift 
Fabrication of working stamps with mesa structures for step and repeat nanoimprint lithography 
NNT2009, International Conference on Nanoimprint and Nanoprint Technology, San Jose, CA, 
USA, 11-13.11.2009 

A. Schleunitz, T. Senn, P. Datta, J. Göttert, S. Giselbrecht, M. Reinhardt, B. Löchel 
Nanoprägen in Polymerfolien als Fertigungsverfahren für fluidische Mikro-Nano-Systeme 
Mikrosystemtechnik-Kongress 2009, Berlin, Germany, 12-14.10.2009 

T. Schmitt, J. Schlappa, K. J. Zhou, V. N. Strocov, L. Patthey 
Opportunities and Perspectives with Soft X-Ray RIXS at the ADRESS-Beamline of the Swiss 
Light Source 
International Workshop on Strong Correlations and Angle-Resolved Photoemission 
Spectroscopy, CORPES09, Zürich, Switzerland, 19-24.07.2009 

G. Schulz, M. Germann, F. Pfeiffer, T. Weitkamp, C. David, O. Bunk, H. Deyhle, S. Lang, 
B. Müller 
Phase contrast tomography of human brain using grating interferometry  
DPG Frühjahrstagung, Dresden, Germany, 22-27.03.2009 

P. Urwyler, J. Gobrecht, H. Schift, O. Bunk, B. Müller, O. Haefeli, A. Stumpp, B. Manhart 
Disposable Polymeric Microcantilevers 
Nano-Europe Conference, Rapperswil, Switzerland, 25-26.11.2009 

A. Selle, T. Thelemann, G. Marowsky, M. Ehrat, A. Lieb, M. Altana, J. Gobrecht 
Fabrication and investigation of nanostructured waveguides for optical detection of 
biomolecules 
Nano-Europe Conference, Rapperswil, Switzerland, 25-26.11.2009 
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S.Y. Smith, M.E. Collinson, D.A. Simpson, P.J. Rudall, F. Marone, M. Stampanoni 
Ancient Cyperaceae: evidence for widespread tropical forest sedges from the Eocene of Europe 
Botany & Micology (Botanical Society of America), Snowbird, Utah, USA, 25-29.7.2009 

M. Stampanoni, R. Mokso, F. Marone, J. Vila-Comamala, S. Gorelik, K. Jefimovs, C. David 
Hard X-ray 3D phase-contrast imaging at TOMCAT 
First Joint Users' Meeting @ PSI, Villigen, Switzerland, 12-13.10.2009 

M. Stampanoni, F. Marone, R. Mokso, J. Vila-Comamala, G. Mikuljan, C. David  
The TOMCAT hard X-ray nanoscope 
10th International Conference on Synchrotron Radiation Instrumentation, Melbourne, Australia, 
27.09-02.10.2010 

M. Stampanoni, F. Marone, R. Mokso, G. Mikuljan, J. Vila-Comamala, C. David 
The TOMCAT hard X-rays nanoscope 
Interdisciplinary Symposium on 3D Microscopy, Interlaken, Switzerland, 12-16.07.2009 

W. R. Stevens, A. Bodi, N. S. Shuman, C. Pongor, T. Baer 
iPEPICO analysis of group IVB tetrachlorides 
Gaseous Ions: Structures, Energetics & Reactions Gordon Conference, Galveston TX, USA, 
01–06.03.2009 

V.N. Strocov, T. Schmitt, C. Hess, U. Flechsig, L. Patthey, J. Mesot 
Soft-X-ray ARPES endstation at the ADRESS beamline of Swiss Light Source  
International Workshop on Strong Correlations and Angle-Resolved Photoemission 
Spectroscopy CORPES09, Zürich, Switzerland, 19-24.07.2009 

V.N. Strocov, T. Schmitt, C. Hess, U. Flechsig, L. Patthey, J. Mesot 
Soft-X-ray ARPES endstation at the ADRESS beamline of SLS 
First Joint Users' Meeting @ PSI, Villigen-PSI, Switzerland, 12-13.10.2009 

V.N. Strocov  
Concept of a one-shot RIXS spectrometer with parallel detection in incoming and outgoing 
photon energies 
First Joint Users' Meeting @ PSI, Villigen-PSI, Switzerland, 12-13.10.2009 

T. Thuering, P. Modregger, S. Rutishauser, C. David, M. Stampanoni, 
Compact DPC microtomography device using a conventional X-ray tube 
1st Joint Users Meeting at PSI, Villigen, Switzerland, 12-13.10.2009 

T. Thuering, P. Modregger, S. A. McDonald, S. Rutishauser, C. David, M. Stampanoni 
Differential phase contrast microtomography using a conventional X-ray tube 
EMPA PhD's symposium, Duebendorf, Switzerland, 19.11.2009 

P. Trtik, N. Juchler, F. Marone, S. McDonald, M. Stampanoni 
Synchrotron microtomography investigation of the influence of X-ray radiation on microstructure 
of hardened cement pastes 
3rd International Symposium on Nanotechnology in Construction, NICOM3, Prague, Czech 
Republic, 31.05-02.06.2009 

S. Tsujino, E. Kirk, T. Vogel, J. Gobrecht 
Field-emission chracteristics of single- and double-gate all-metallic field emitter arrays 
fabricated by molding and self-aligned gate process 
22nd International Vacuum Nanoelectronics Conference, Hamamatsu, Japan, 20-24.07.2009 

P. Urwyler, J. Gobrecht, H. Schift, O. Bunk, B. Müller, O. Haefeli, A. Stumpp, B. Manhart 
Disposable Polymeric Microcantilevers 
Nano-Europe Conference, Rapperswil, Switzerland, 25-26.11.2009 

J. Vila-Comamala, K. Jefimovs, T. Pilvi, M. Dierolf, C. Kewish, P. Thibault, V. Guzenko, 
R. Mokso, F. Marone, J. Raabe, M. Stampanoni, M. Ritala, C. David 
Advanced diffractive optics for X-ray microscopy 
2nd School and Workshop on X-ray micro and nanoprobes, Palinuro, Italy, 14.-22.06.2009 

J. Vila-Comamala, K. Jefimovs, T. Pilvi, M. Dierolf, C Kewish, P. Thibault, V. Guzenko, 
R. Mokso, F. Marone, J. Raabe, M. Stampanoni, C. David 
Advanced Diffractive Optics for X-Ray Microscopy 
School and Workshop on X-Ray Micro and Nanoprobes, Italy, 06.2009 
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J. Vila-Comamala, K. Jefimovs, T. Pilvi, S. Gorelick, V.A. Guzenko, M. Ritala, C. David 
Nanofabrication of X-Ray Diffractive Optics 
8th PSI Summer School, Zuoz, Switzerland, 01-07.08.2009 

J. Vila-Comamala, S. Gorelick, V.A. Guzenko, K. Jefimovs, E. Färm, T. Pilvi, M. Ritala, C. David 
Nanofabrication of X-Ray Diffractive Optics 
JUM@P, PSI-Villigen, Switzerland, 12-13.11.2009 

M. Vogler, H. Atasoy, C. Spreu, H. Schift, M. Zelsmann, F. Schlachter, F. Reuther, G. Gruetzner 
Resists with improved release properties for thermal and UV-based NIL 
NNT2009, International Conference on Nanoimprint and Nanoprint Technology, San Jose, CA, 
USA, 11-13.11.2009. 

E. Vorobeva, S. L. Johnson, P. Beaud, C. J. Milne, M. Benfatto, G. Ingold 
Local structural changes in excited Ti3+:Al2O3 studied by time-resolved XANES 
14th International Conference on X-Ray Absorption Fine Structure, Camerino, Italy, 
26-31.7.2009 

E. Vorobeva, P. Beaud, S. L. Johnson, U. Staub, R.A. DeSouza, C. J. Milne, Q. X. Jia, G. Ingold 
An ultrafast structural phase transition driven by photo-induced melting of charge and orbital 
order 
7th Workshop on Orbital physics and Novel Phenomena in Transition Metal Oxides, Helmholz-
Zentrum Berlin für Materialien und Energie, Adlershof, Germany, 07-08.10.2009 

I. Zanette, T. Weitkamp, C. David, E. Reznikova, J. Mohr, V. Altapova, F. Pfeiffer 
State of The Art of X-ray Talbot Interferometer Imaging at The ESRF 
20th International Congress on X-ray Optics and Microanalysis, Karlsruhe, Germany, 
14-18.09.2009 

I. Zanette, T. Weitkamp, C. David, E. Reznikova, J. Mohr, V. Altapova and F. Pfeiffer 
State of The Art of X-ray Talbot Interferometer Imaging at The ESRF 
Coherence 2009 Workshop, Melbourne, Australia 02-04.10.2009 

I. Zanette, T. Weitkamp, C. David, E. Reznikova, J. Mohr, V. Altapova and F. Pfeiffer 
State of The Art of X-ray Talbot Interferometer Imaging at The ESRF 
ESRF Science Days 2009, Val Cenis, France, 07-09.10.2009 

V. Zelenay, T. Huthwelker, A. Křepelová, M. Birrer and M. Ammann 
Observations of Water Uptake in Ammonium Sulfate Particles using X-ray Microspectrosopy  
INTROP Conference, Portoroz- Slovenia, 14-17.04.2009 

V. Zelenay, A. Křepelová, 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. Křepelová, 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 
Zürich, Switzerland, 19-24.07.2009 

E. Razzoli 
International Workshop on Strong Correlations and Angle-Resolved Photoemission 
Spectroscopy CORPES09 
Zürich, 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 
Zürich, 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 
Zürich, 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 Röntgenimpulse 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 Realität – dank Nanotechnologie?, TecDay@Kanti Aarau, 

Kantonsschule, Aarau, Switzerland, 03.04.2009 

- Science Fiction wird Realität – 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 für Durchblick. Untersuchungen zu neuartigen 

magnetischen Materialien mit Synchrotronlicht, Jahresmedienkonferenz des Paul Scherrer 
Instituts PSI, Villigen, Switzerland, 23.06.2009 

T.A. Jung 
- Moleküle unter der Fuchtel des Rastertunnelmikroskops, B. Peiseler Sutter, in Chemische 

Rundschau Nr. 1-2, 09.02.2009 

- Verfahren ermöglicht Steuerung von elektronischen Materialeigenschaften, Associated 
Press deutsche Ausgabe, 16.07.2009 
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- Durchbruch an der Uni. Elektronische Materialeigenschaften koönnen gesteuert und gezielt 
verändert werden, Esther Jundt, Basellandschaftliche Zeitung, Aargauer Zeitung, 
16.07.2009 

- Neue Materialien, Schweizer Forscher verändern Leitfähigkeit von Kupferoberflächen, 
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 Röntgenmikrotomographie mit Synchrotronstrahlung  

ETH-Kolloquium, Zürich, 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. Grünzweig, ETH Zurich, Switzerland, (2009) 

M. Janousch, U. Staub, F. van der Veen 

- Oxygen Vacancies in SrTiO3: An X-Ray Absorption Study 
B. P. Andreasson, ETH Zürich, Switzerland, (2009)  

T.A. Jung 

- Organic semiconductor interfaces with insulators and metals 
K. Müller, 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 Zürich, Switzerland, (2009) 

U. Staub, F. van der Veen 

- Ordering Phenomena and Electronic Transitions in Co and Mn Based A-Site Ordered 
Perovskites 
M. García-Fernández, ETH Zürich, Switzerland, (2009) 

P. Willmott 

- Systematic structure investigation of YBCO thin films with direct methods and surface x-
ray diffraction 
C. Schlepütz, University of Zürich, 2009 
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P. Willmott 

- Structural studies of h-BN and graphene single-layers on transition-metal surfaces 
D. Martoccia, University of Zürich, 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 

A.N. 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 1st and 3rd Place, Institute for Biomechanics, ETH Zürich, 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 Göttingen, 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 20th 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 “Förderpreis für 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 

- MNE2009, 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 

- Member of the Proposal Review Committee of Soleil, France 

- Member of DEIMOS beamline review committee, Soleil, France 

L. Patthey 

- Chairman of the Local Organisation Committee, International Workshop on Strong 
Correlations and Angle-Resolved Photoemission Spectroscopy CORPES09, Zürich, 
Switzerland, 19-24.07.2009 

- Member of the International Program Committee, International Workshop on Strong 
Correlations and Angle-Resolved Photoemission Spectroscopy CORPES09, Zürich, 
Switzerland, 19-24.07.2009 

- Member of the International Program Committee, CORPES11, Berkley, USA 

- Member of UWG for beamline I05-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 µscopy 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@PETRA3 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 für 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 # WO/2009/156242 
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Physical Review B 80, 212103 (2009) 
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Quenching of bcc-Fe from high to room temperature at high-pressure conditions: a molecular  
dynamics simulation 
New Journal of Physics 11, 093039 (2009) 
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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) 
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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) 
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Free energy of a << 110 >> dumbbell interstitial defect in bcc Fe: Harmonic and anharmonic 
contributions 
Physical Review B 79, 214109 (2009) 
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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)Cl(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) 
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Microchemistry and microstructure of organic particles 
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Effect of fatty acid coatings on ozone uptake to deliquesced KI/NaCl aerosol particles 

AGU Fall Meeting, San Francisco, California, USA, 14-18 December 2009. 
 
T. Bartels-Rausch, M. Kerbrat, A. Křepelová, M. Ammann 
Snow as reactor 

10th Swiss Global Change Day, Bern, Switzerland, 31 March 2009. 
 
T. Bartels-Rausch, J. Kleffmann, Y. Elshorbany, M. Brigante, C. George, B. D'Anna, A. Bernhard, M. Schläppi,  
M. Schwikowski, M. Ammann 
HONO and Hg: Photo-enhanced reductions in ice by organics 

European Geosciences Union General Assembly Vienna, Austria, 20-24 April 2009. 
 
T. Bartels-Rausch, M. Kerbrat, T. Huthwelker, A. Křepelová, T. Ulrich, M. Ammann 
Beyond adsorption: Recent approaches in the laboratory to study uptake of trace gases to ice 

Fifth SCOUT-O3 Annual Meeting, Schliersee, Germany, 15-17 June 2009. 
 
T. Bartels-Rausch 
Recent approaches in the laboratory to study uptake and reactivity of trace gases on ice 

Laboratoire de Physique et de Chimie de l'Environnement et de l'Espace, CNRS and University of Orleans,  
France, 3-5 September 2009. 
 
T. Huthwelker, A. Křepelová, V. Zelenay, T. Bartels-Rausch, M. Janousch, M. Ammann 
X-ray spectroscopy of frozen salt solutions: Are inclusions solid or liquid below eutectic temperature? 

European Geosciences Union General Assembly Vienna, Austria, 20-24 April 2009. 
 
T. Huthwelker, A. Křepelová, M. Janousch, T. Bartels-Rausch, M. Ammann 
X-ray spectroscopy of frozen salt solutions: The liquid nature of ions in frozen solutions 

XAFS XIV, Camerino, Italy, 26-31 July 2009. 
 
T. Huthwelker, A. Křepelová, T. Bartels-Rausch, V. Zelenay, M. Janousch and M. Ammann 
The aqueous nature of ions in frozen salt solutions at temperatures below the eutectic temperature 

JUM@P'09: Joint Users' meeting at PSI, Villigen, 12-13 October 2009. 
 
M. Kerbrat, T. Huthwelker, A. Křepelová, T. Ulrich, T. Bartels-Rausch, M. Ammann 
Flow tube and molecular level spectroscopy studies of nitrous, nitric and pernitric acid uptake on ice 

Fifth SCOUT-O3 Annual Meeting, Schliersee, Germany, 15-17 June 2009. 
 
A. Křepelová, T. Huthwelker, M. Janousch, M. Ammann 
X-ray studies of halogen salt impurities in ice 

Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, University of Berne and Paul Scherrer Institut 
3 April 2009. 
 
A. Křepelová, M. Ammann, J.T. Newberg, H. Bluhm, T. Huthwelker 
The effect of strong acids on the ice - air interface studied by X-ray photoelectron spectroscopy 
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X-ray photoelectron spectroscopy of halogen salt impurities in ice 
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A. Křepelová, M. Ammann, J.T. Newberg, H. Bluhm, T. Huthwelker 
Impact of strong acids on ice surface melting studied by XPS and NEXAFS 
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A. Rouvière, Y. Sosedova, M. Ammann, H. W. Gäggeler 
Determination of bulk accommodation coefficient of NO2 and O3 to inorganic/organic aerosols 
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A. Rouvière, P. F. DeCarlo, A. Schlierf, O. Favez, B. D’Anna, C. George, A. Prévôt, M. Ammann 
Photosensitized transformation of dicarboxylic acid in aerosols 
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Influence of a photosensitizer on the aging of succinic acid aerosol  
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Reactive uptake of O3 on deliquesced KI particles coated with fatty acids and SDS 
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A. Rouvière, P. F. DeCarlo, A. Schlierf, O. Favez, B. D’Anna, C. George, A. Prévôt, M. Ammann 
Photosensitized aging of succinic acid aerosol  
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Effect of photosensitized chemistry on organic aerosol evolution 
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Bulk reaction limited uptake of NO2 by aerosols containing hydroquinone and gentisic acid  

INTROP Conference on "Tropospheric Chemistry", Portoroz, Slovenia, 14-17 April 2009. 
 
Y. Sosedova 
NO2 uptake on aqueous phenolic aerosols:Dark and illuminated conditions 

Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Paul Scherrer Institut and University of Bern, 
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V. Zelenay, T. Huthwelker, A. Křepelová, M. Birrer, M. Ammann 
Observation of water uptake in aerosol particles using microspectroscopy 

Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Bern, Switzerland, 3 April 2009. 
 
V. Zelenay, T. Huthwelker, A. Křepelová, M. Birrer, M. Ammann 
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Soot- water uptake 
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V. Zelenay, A. Křepelová, M. Birrer, T. Tritscher, R. Chirico, T. Huthwelker, M. Ammann 
Water uptake in single soot particles- an X-ray microspectroscopy study 

ETH Seminar, ETHZ, Zürich, Switzerland, 2 December 2009. 
 
 
 

ANALYTICAL CHEMISTRY 
 
A. Eichler 
Gletscher als Klima- und Umweltarchive 

Metrohm Schweiz IC User Meeting, Zofingen, Switzerland, 22 October 2009. 
 

J. Gabrieli, G. Cozzi, P. Vallelonga, M. Schwikowski, M. Sigl, C. Boutron, C. Barbante 
A fast semi-quantitative method for plutonium determination in an alpine firn/ice core 
European Geosciences Union General Assembly Vienna, Austria, 20-24 April 2009. 
 

J. Gabrieli, P. Vallelonga, W. Cairn, G. Cozzi, F. Decet, M. Schwikowski, M. Sigl, C. Boutron, C. Barbante 
A novel firn/ice-core melter system for semi-continuous extraction of PAHs and continuous ICP-QMS trace element 

analysis 

EGU General Assembly, Vienna, Austria, 19–24 April 2009. 
 

H.W. Gäggeler 
On the way to quantify human impact on climate: pollution records and climatic information from alpine ice cores 
University of Waikato, Hamilton, New Zealand, 13 November 2009. 
 

H.W. Gäggeler 
On the way to quantify human impact on climate: pollution records and climatic information from alpine ice cores 
Massey University, Albany (Auckland), New Zealand, 18 December 2009. 
 

S. Kaspari, M. Schwikowski, M. Gysel, P.A. Mayewski, S. Kang, S. Hou 
Recent increase in black carbon concentrations from a Mt. Everest ice core spanning 1860-2000 AD 

AGU Fall Meeting, San Francisco, California, USA, 14–18 December 2009.  
 

M. Schläppi, T. Jenk, A. Rivera, G. Casassa, M. Schwikowski 
Analytical tools for the investigation of climate parameters stored in an ice core from the Southern Patagonia Ice Field 

Analytical Chemistry Symposium, ETH Zürich, Switzerland, 13 May 2009. 
 

M. Schläppi 
Carbonaceous particles in Pio XI glacier  

Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Paul Scherrer Institut and University of Bern, 
6 November 2009.  
 

M. Schwikowski 
Schnee von gestern - Gletschereis als Klimaarchiv 

Veranstaltung für die Aktionäre, Obligationäre, Geschäftspartner und Freunde der Edisun Power Gruppe, Zürich, 
Switzerland, 20 January 2009.  
 

M. Schwikowski 
High-alpine glaciers as archives of atmospheric pollution and climate 

Workshop on Muon Tomography and Emulsions, University of Bern, Switzerland, 29 January 2009. 
 

M. Schwikowski 
Klimageschichte aus alpinen Eisbohrkernen 

SAC Lindenberg, Wohlen, Switzerland, 13 March 2009.  
 

M. Schwikowski 
High-mountain glaciers as climate archives 

Conference High Mountain Glaciers and Climate Change, Tromsø, Norway, 7-10 June 2009. 
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M. Schwikowski 
Gletscher - lesen in den Klimaarchiven der Erde 

Lions Club Brugg, Untersiggenthal, Switzerland, 11 August 2009. 
 

M. Schwikowski 
Von kalten Füssen und warmen Gletschern 
25 Jahre Labor für Radio- und Umweltchemie, Paul Scherrer Institut, Switzerland, 28 August 2009. 
 
M. Sigl, H.W. Gäggeler, A. Kress, M. Schwikowski 
The variability of δ

18
O in an Alpine ice core reflects long-term trends of past summer (May-July) temperatures 

Millennium European Climate 3rd Milestone Meeting, Cala Millor Mallorca, Spain, 2-6 March 2009. 
 

M. Sigl, H.W. Gäggeler, M. Schwikowski 
The variability of δ

18
O in an Alpine ice core reflects long-term trends of past summer (May-July) temperatures 

10th Swiss Global Change Day, Bern, Switzerland, 31 March 2009. 
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1.000 year history of Saharan dust recorded in an Alpine ice core 

Seminar – WSL Dendro Sciences, Birmensdorf, Switzerland, 16 September 2009.  
 
 

RADWASTE ANALYTICS 
 
M. Ayranov 
Currents status of the remotely controlled system for the radiochemical separation of exotic isotopes from accelerator 

wastes 
Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Paul Scherrer Institut and University of Bern, 
6 March 2009. 
 
M. Ayranov, D. Schumann 
Production of 

7
Be, 

44
Ti and 

60
Fe from proton irradiated copper beam dump and SINQ cooling water 

Nuclear Physics in Astrophysics IV, Frascati, Italy, 8-12 June 2009. 
 
M. Ayranov, Z. Tosheva, A. Kies 
Determination of 

210
Pb and 

210
Po in water samples 

International Topical Conference on Po and Radioactive Pb Isotopes, Seville, Spain, 26-28 October 2009. 
 
M. Ayranov, D. Schumann 
60

Fe samples for nuclear astrophysics experiments 

TOURS 2009, Kobe, Japan, 16-20 November 2009. 
 
S. Heinitz 
Environmental compliance report concerning the chemical reactivity of Lead Bismuth – Estimations for ESS 
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Extraction and migration of polonium out of Lead-Bismuth Eutectic 
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EUROTRANS DM4 Technical Review Meeting, Karlsruhe Institute of Technology, Karlsruhe, Germany, 3 March 2009. 
 
J. Neuhausen 
Recent results on the chemistry of liquid lead-bismuth and mercury targets 

Information Exchange Meeting on activated LBE-Handling techniques, SCK-CEN, Mol, Belgium, 25 May 2009. 
 
J. Neuhausen, D. Schumann, Ch. Zumbach, M. Dubs 
Radiochemische Untersuchungen am Megapie-Target 
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J. Neuhausen 
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8-th Meeting of the OECD-NEA Expert Group for Heavy Liquid Metal Technology, Bologna, Italy, 17 September 2009. 
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Radiochemical investigations of the Megapie-target 
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Radiochemistry of the EURISOL mercury target 

Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Paul Scherrer Institut and University of Bern,  
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D. Schumann 
Radiochemical analysis of proton-irradiated lead targets 
NUDATRA-meeting, Madrid, Spain, 3-5 March 2009. 
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Preparation of 
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D. Schumann 
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Determination of the radionuclide inventory of samples from a spallation neutron source 
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D. Schumann 
Separation of 
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Fe samples from an irradiated beam dump for nuclear astrophysics experiments 
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Proof of biogenic origin of marine aerosol by 
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19th Goldschmidt Conference, Davos, Switzerland, 21-26 June 2009. 
S. Fahrni 
Compound-specific radiocarbon analysis 

Seminar Ion Beam Physics, ETH Zürich, Switzerland, 29 April 2009. 
 
S. Fahrni 
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Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Paul Scherrer Institut and University of Bern,  
8 May 2009. 
 
S. Fahrni, H.W. Gäggeler, M. Ruff, L. Wacker, S. Szidat 
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20th International Radiocarbon Conference, Kona/Hawaii, USA, 31 May - 5 June 2009. 
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Micro-radiocarbon determination with the table-top AMS system MICADAS 

Methods and Applications of Radioanalytical Chemistry – MARC VIII, Kailua-Kona, Hawaii, USA, 5–10 April 2009. 
 

H.W. Gäggeler, S. Szidat,  
Microanalytical 

14
C measurements on carbonaceous aerosol particles 

APSORC’09 Conference, Napa, CA, USA, 29 November - 4 December 2009. 
 
M. Němec 
Optimisation of graphitisation procedure at AGE-1 

Seminar of the Laboratory of Radiochemistry and Environmental Chemistry, Paul Scherrer Institut and University of Bern,  
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M. Němec, L. Wacker 
AGE: Optimization of the graphitization procedure  
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Carbonaceous aerosol characterisation in the Swiss Rhone Valley  
Seminar Laboratory of Atmospheric Chemistry, Paul Scherrer Institut, Switzerland, 16 November 2009 
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14
C 
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S. Szidat, N. Perron, S. Fahrni, M. Ruff, L. Wacker, A.S.H. Prévôt, U. Baltensperger  
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European Aerosol Conference, Karlsruhe, Germany, 6-11 September 2009. 
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S. Szidat, A.S.H. Prévôt, C. Hueglin, H. Bloemen, P. Wåhlin, R. Vecchi, A.I. Miranda, A. Kasper-Giebl, W. Maenhaut,  
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Source apportionment analysis of transport-related PM sources in Europe 

17th Transport and Air Pollution Symposium, 3rd Environment and Transport Symposium, Toulouse, France, 
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L. Wacker, M. Ruff, S. Fahrni, M. Němec, S. Szidat, H.-A. Synal 
How to measure small samples with a gas ion source 
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20th International Radiocarbon Conference, Kona/Hawaii, USA, 31 May - 5 June 2009. 
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PUBLIC RELATIONS 
 
Analytical Chemistry 
 
� Media release 

EAWAG 
Neue Ergebnisse der Klimaforschung mit Eisbohrkernen 

8 January 2009. 
 
� SF Schweizer Fernsehen, Schweizaktuell 

Fliegende Eisklötze 

19 January 2009. 
 
� Spiegel Online 

Wie sich Klimawandel-Skeptiker die Erderwärmung kaltrechnen 

23 January 2009. 
 
� Ecologist 

New studies disprove cosmic ray and solar influence theories of global warming 

6 February 2009. 
 
� Die Zeit 

Der Heilige Krieg um die Erderwärmung 

26 February 2009. 
 
� SF Schweizer Fernsehen, Schweizaktuell 

Fliegende Eisklötze 

3 March 2009. 
 
� NewScientist 

Swiss paradise 
7 November 2009. 

 
� New Delhi Television NDTV, http://www.ndtv.com/news/world/climate_change_frozen_in_time.php 

Climate change: Frozen in time 

23 November 2009. 
 
 
 
Environmental Radionuclides Universität Bern 
 

� Schweizer Fernsehen 
 Tagessschau: Feinstaub-Studie 

 http://www.sf.tv/sf1/tagesschau/index.php?docid=20090122 
 22 January 2009. 
 
� Schweizer Fernsehen 
 10 vor 10: Es ist wieder Feinstaub-Saison 

 http://www.sf.tv/sf1/10vor10/index.php?docid=20090122 
 22 January 2009. 

 
� NZZ Online 
 Woher kommt der Feinstaub wirklich 

 http://www.nzz.ch/nachrichten/panorama/woher_kommt_der_feinstaub_wirklich_1.1757227.html 
 22 January 2009. 
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� soitu.es 
 La nube de hollín que cubre media Asia 

 http://www.soitu.es/soitu/2009/01/22/medioambiente/1232637846_130339.html 
 22 January 2009. 
 
� Tribune de Genève 
 Le ”Nuage brun d’Asie” disséqué au carbone 14 

 23 January 2009. 
 
� Radio SWR 2 
 Campus: Braune Wolken über Asien 

 24 January 2009. 
 
� n-tv.de 
 Rußpartikel aus Privathaushalten – Braune Wolke über Asien 

 http://www.n-tv.de/1092874.html 
 27 January 2009. 
 
� BioChemie am Samstag, Uni Bern 
 Vortrag S. Szidat: Ursachen und Risiken von Feinstaub 

 24 October 2009. 
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BACHELOR THESIS 
Benjamin Gasser 
Isolierung von Huminsäuren und Cellulose aus Bodenproben für die AMS 

14
C-Bestimmung 

Dr. S. Szidat / Uni Bern 
Prof. Dr. H.W. Gäggeler / PSI & Uni Bern 
May 2009 
 
Nicolas Millius 
Molsiebfalle zum Einfangen von Kohlenstoffdioxid für anschliessende 

14
C-Messung zur Feinstaubanalyse 

Dr. S. Szidat / Uni Bern 
Prof. Dr. H.W. Gäggeler / PSI & Uni Bern 
May 2009 
 

DOCTORAL THESIS 
Nadzeya Homazava 
Development of a novel microflow-capillary technique online hyphenated to the inductively coupled plasma mass 

spectrometry for the spatial- and time-resolved investigation of local corrosion 

Prof. Dr. U. Krähenbühl / Uni Bern 
May 2009 
 

Anita Ciric 
ENSO related climate variability recorded in an ice core from Cerro Mercedario, Central Andes 

Prof. Dr. Margit Schwikowski / PSI & Uni Bern 
Prof. Dr. H.W. Gäggeler / PSI & Uni Bern 
October 2009 
 
Michael Sigl 
Ice core based reconstruction of past climate conditions from Colle Gnifetti, Swiss Alps 

Prof. Dr. Margit Schwikowski / PSI & Uni Bern 
Prof. Dr. H.W. Gäggeler / PSI & Uni Bern 
October 2009 

 

HABILITATION 
Sönke Szidat 
Source apportionment of carbonaceous particles in the atmosphere 

Universität Bern, October 2009 
 

TITULAR PROFESSOR 
Margit Schwikowski 
was awarded titular professor of the University of Bern  
for her outstanding contributions to palaeo-climate science, October 2009 
 

AWARDS 
Sönke Szidat received the Fritz-Strassmann-Preis  
by the Nuclear Chemistry Section of the German Chemical Society (GDCh)  
for his achievements on the determination of the radionuclide 14C in environmental samples with miniaturized  
accelerator mass spectrometry, September 2009 
 
M. Sigl, H.W. Gäggeler, M. Schwikowski 
Poster Award from the World Climate Research Program 
The variability of δ

18
O in an Alpine ice core reflects long-term trends of past summer (May-July) temperatures 

10th Swiss Global Change Day, Bern, Switzerland, 31 March 2009 
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ETH Zurich, HS09 
 
R. Schibli 
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ETH Zurich, FS09 
 
R. Schibli 
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ETH Zurich, HS09 
 
P.A. Schubiger, S.M. Ametamey, R. Schibli 
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ETH Zurich FS09 
 
P.A. Schubiger, S.M. Ametamey, R. Schibli 
Radiopharmazeutische Chemie 
ETH Zurich FS09 
 
P.A. Schubiger 
CIMST Interdisciplinary Summer School 
ETH Zurich, 2009 
 
P.A. Schubiger. M.Rudin, P. Bösiger 
Molecular Imaging Course Novartis  
 ETH Zurich ,2009 
 
 

 
PUBLICATIONS 
 
H. Struthers, Th.L. Mindt, R. Schibli 
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of the American Geophysical Union (AGU2009), Toronto, Canada, 24-27 May 2009 
1 University of New Brunswick, CA 
2 AECL, Ottawa, CA 

ALTMANN S.1, TOURNASSAT C.2, GOUTELARD F.3, PARNEIX J.1, GIMMI T. 
“Radionuclide migration in clay rock host formations for deep geological disposal of radioactive waste: advances in 
process understanding and up-scaling methods resulting from the EC integrated project FUNMIG”, General 
Assembly of the European Geosciences Union, Vienna, Austria, 19-24 April 2009 
1 Andra, Chatenay-Malabry, FR 
2 BRGM, Orleans, FR 
3 CEA, Saclay, FR 

AMAYRI S.1, FRÖHLICH D.1, WU T.1, DREBERT J.1, VAN LOON L.R., REICH T.1 
“Untersuchung der Sorption und Diffusion von Neptunium(V) in Opalinuston”, Wissenschaftsforum Chemie 
GDCh2009, Frankfurt am Main, Germany, 30 August – 2 September 2009 
1 Johannes Gutenberg University, Mainz, DE 

AMAYRI S.1, FRÖHLICH D.1, WU T.1, DREBERT J.1, VAN LOON L.R., REICH T.1 
“Sorption and diffusion behavior of neptunium(V) in Opalinus Clay”, 12th Int. Conf. Chemistry and Migration 
Behaviour of Actinides and Fission Products in the Geosphere (Migration 09), Kennewick, USA, 20-25 September 
2009  
1 Johannes Gutenberg University, Mainz, DE 

APPELO C.1, WERSIN P.2, VAN LOON L.R., DEWONCK S.3 
“Modeling cesium diffusion in a claystone formation”, Goldschmidt 09 Conf., Davos, Switzerland, 21-26 June 2009 
1 Hydrochemical Consultant, Amsterdam, NL 
2 Gruner AG, Basel, CH 
3 ANDRA, Bure, FR 

BEAUDOIN A.1, JANSSENS K., ACHARYA A.2 
“Application of Field Dislocation Mechanics to Cyclic Plasticity”, Symposium on Fatigue: Mechanisms, Theory, 
Experiments and Industry Practice, TMS Annual Meeting, San Francisco, USA, 15-19 February 2009 
1 University of Illinois, Urbana-Champaign, US 
2 Mississippi State University, US 

BIRCHLEY J., HASTE T.1 
“Modeling of zircaloy oxidation in air”, Int. Workshop on Computational and Experimental Studies of LWR Fuel 
Element Behavior under Beyond Design Basis Accidents and Reflood, IBRAE, Moscow, Russian Federation, 27-28 
July 2009 
1 IRSN, Cadarache, FR 

BREIMESSER M. 
“EN and Micro-Capillary Measurements at Room Temperature – an Update”, 5th Ann. Meeting of the European 
Cooperative Group on Corrosion Monitoring of Nuclear Materials(ECG-COMON), Cadiz, Spain, 15-16 June 2009, 
2009  

BREIMESSER M., RITTER S., SEIFERT H.P., SUTER T.1, VIRTANEN S.2 
“Electrochemical Noise of SCC in Stainless Steels: a Combined Macro- and Micro-Electrochemical Approach”, Kurt 
Schwabe Corrosion Symp., Erlangen, Germany, 24-28 May 2009 
1 EMPA, Dübendorf, CH 
2 University Erlangen-Nürnberg, Nürnberg, DE 
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CAVEDON J.M. 
“International Research in Generation IV Systems, 56th NEA/NDC Committee Meeting, Paris, France, 25 June 
2009 

CAVEDON J.M. 
“Ten years of achievements and the path forward”, Generation IV International Forum (GIF) Symposium, Paris, 
France, 9-10 September 2009 

CHAHINE E. 
“Une amélioration dans XFEM du raccord entre enrichissement et éléments finis classiques”, 9`eme colloque 
national en calcul des structures, Université de Paris 1, Giens, France, 25-29 May 2009 

CHAHINE E. 
“Theoretical and numerical analysis of the integral matching XFEM: an optimal XFEM approach for removing 
blending elements”, 10th US National Congr. on Computational Mechanics, Columbus, Ohio, USA, 1-4 July 2009 

CHURAKOV S. 
“Ab initio molecular dynamics simulations of clay minerals”, 14th Int. Clay Conf., Castellaneta Marina, Italy, 14-20 
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CHURAKOV S., GIMMI T. 
“Up-scaling of molecular diffusion coefficients in clays: a two-scale approach”, Invited Talk, Workshop on Modelling 
of Coupled Reactive Transport Processes (TRePro II), Karlsruhe, Germany, 18-19 March 2009 

DÄHN R., MACÉ N., POPOV D., SHUH D.1, WIELAND E. 
“Determination of the speciation of radionuclides in cementitious materials by micro-XRF/XAS/XRD and STXM. 
XAFS XIV”, 14th Int. Conf. on X-ray absorption fine structure, Camerino, Italy, 26-31 July 2009 
1 EPFL, Lausanne, CH 

DIAZ N., JAKOB A., VAN LOON L.R., GROLIMUND D. 
“Modeling contaminant diffusion in highly complex rock structures”, 3rd Eur. COMSOL Conf., Milan, Italy, 14-16 
October 2009 

DILNESA B.1, WIELAND E., LOTHENBACH B.1, DÄHN R., SCRIVENER K.2 
“X-ray absorption spectroscopy investigation of iron phases”, Fred Glasser Cement Science Symp., Aberdeen, 
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1 EMPA, Dübendorf, CH 
2 EPFL, Lausanne, CH 

FREIXA J., MANERA A. 
“TRACE and RELAP5 Thermal Hydraulic Analysis on Boron Dilution Tests at the PKL Facility”, CAMP Spring 
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FROIDEVAL A., IGLESIAS R., POUCHON M.A., SAMARAS M., CHEN J.C., SCHUPPLER S.1, NAGEL P.1, HOFFELNER W. 
“Does material composition affect the magnetism of Fe-Cr alloys”, 1st ANKA/KNMF Joint Users’ Meeting 2009, 
EIfER, Karlsruhe, Germany, 8-9 October 2009 
1 FZK, Karlsruhe, DE 

GAO N., DERLET P., SAMARAS M., VAN SWYGENHOVEN H. 
“A molecular dynamics investigation of He clustering kinetics in BCC Fe in presence of grain boundaries”, Eur. 
Congr. and Exhibition on Advanced Materials and Processing (Euromat 2009), Glasgow, United Kingdom, 7-10 
September 2009 

GAONA X., KULIK D., TITS J., MACÉ N., WIELAND E. 
“Aqueous-solid solution model of U(VI) uptake in C-S-H phases”, Actinides Conf. 2009, San Francisco, USA, 12-17 
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GAONA X., TITS J., WIELAND E. 
“Uptake of Np by cementitious materials: redox behavior of Np(IV/V) under hyperalkaline conditions”, Actinides 
Conf. 2009, San Francisco, USA, 12-17 July 2009 

GAVILLET D. 
“Quantification of the surface porosity in high burn-up fuel using image analysis tools”, 45th Ann. Meeting: Hot 
Laboratories and Remote Handling, 22-23 September 2008, Kendal, United Kingdom, 1-11, 2009 

GIMMI T., CHURAKOV S. 
“Hierarchical modelling of solute diffusion in clays: from the molecular to the continuum scale”, General Assembly 
European Geosciences Union, Vienna, Austria, 19-24 April 2009 
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GIMMI T., LEUPIN O.1, VAN LOON L.R., WERSIN P.2, BAEYENS B., EIKENBERG J., SOLER J.3, SAMPER J.4, RÜBEL A.5, 
DEWONCK S.6, SAVOYE S.7, YI S.4, NAVES A.4 
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1 NAGRA, Wettingen, CH 
2 Gruner AG, Basel, CH 
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6 ANDRA, Bure, FR 
7 IRSN, Fontenay-aux-Roses, FR 

GONZALEZ F., GIMMI T., JURANJI F.1, VAN LOON L.R., KOSAKOWSKI G., UNRUH T.2 
“Diffusion of water in compacted clays at different time scales”, 9th Int. Conf. on Quasielastic Neutron Scattering, 
(QENS 2009), Villigen PSI, Switzerland, 10-13 February 2009 
1 University of Saarbrücken, DE 
2 FRM-II, Garching, DE 

GONZALEZ F., GIMMI T., JURANJI F.1, VAN LOON L.R., UNRUH T.2, DIAMOND L.3 
“Comparison of water diffusion in clays at microscopic and macroscopic scales”, 9th Int. Conf. on Quasielastic 
Neutron Scattering (QENS 2009), Villigen PSI, Switzerland, 10-13 February 2009 
1 University of Saarbrücken, DE 
2 FRM-II, Garching, DE 
3 University of Berne, CH 

GROLIMUND D., GÜNTHER D.1, BORCA C., VAN LOON L.R., STAMPANONI M., MARONE F., BARMETTLER K.1, AESCHLIMANN 
B.1, WERSIN P.2, HEALD S.3 
“Contaminant transport in complex heterogeneous geological media: new insights through micro-imaging and 
micro-spectroscopy”, Goldschmidt 09 Conf., Davos, Switzerland, 21-26 June 2009 
1 ETHZ, Zürich, CH 
2 NAGRA, Wettingen, CH 
3 PNNL, Richland, US 

GROLIMUND D., GÜNTHER D.1, BORCA C., WANG H., VAN LOON L.R., STAMPANONI M., MARONE F., MOKSO R., DIAZ N., 
JAKOB A., BARMETTLER K.1, AESCHLIMANN B.1, WERSIN P.2, HEALD S.3 
“Evolution of reactive transport plumes – decipher physico-chemical micro-complexity using micro-spectroscopy, 
chemical micro-imaging, and micro-tomography”, 20th Int. Congr. X-ray Optics and Microanalysis, (IXCOM20), 
Karlsruhe, Germany, 14-18 September 2009 
1 ETHZ, Zurich, CH 
2 NAGRA, Wettingen, CH 
3 PNNL, Richland, US 

GUENTAY S., BRUCHERTSEIFER H., VENZ H.1, WALLIMANN F.1 
“Rückhaltung Aller Iodspezies im Containment bei einem Schweren Störfall, ein Neues Technisches Verfahren”, 
Jahres. Kern., 12-14 May 2009, Dresden, Germany, CD-ROM, 2009  
1 Axpo AG, KKB Beznau, CH 

HINGERL F., KOSAKOWSKI G., KULIK D., DMYTRIEVA S.1, DRIESNER T.2, THOMSEN K. 
“Modelling fluid-rock interaction and scale formation during geothermal heat extraction”, Workshop on Modelling of 
Coupled Transport Reaction Processes (TRePro II), Karlsruhe, Germany, 18-19 March 2009 
1 SSE Technocentre, Kyiv, UA 
2 ETHZ, Zurich, CH 

ISPANOVITY P. 
“Velocity distribution of dislocations”, Eur. Congr. and Exhibition on Advanced Materials and Processing (Euromat 
2009), Glasgow, United Kingdom, 7-10 September 2009 

ISPANOVITY P. 
“Modeling submicron plasticity: yield stress and dislocation velocity distributions”, Electron Microscopy and 
Multiscale Modelling (EMMM 09), ETHZ, Zurich, Switzerland, 27-30 October 2009 

JAECKEL, B., BIRCHLEY, J. 
“Experience and assessment of MELCOR 1.8.6 and 2.1 at PSI”, Cooperative Severe Accident Research Program 
(CSARP) and MELCOR Code Assessment Program (MCAP), Technical Review Meetings, Bethesda, USA, 15-18 
September, 2009 
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KELLER A.1, MEYER N., LAUBER A.1, SATTLER M.2, GAEGAUF C.2, DOBERERE A.1, GOOD J.1, NUSSBAUMER T.1, HERINGA 
M., DECARLO P., RICHARD A., CHIRICO R., PREVOT A., BALTENSPERGER U., BURTSCHER H.3 
“Quantifying wood combustion emissions with on-line methods”, 14th ETH Combustion Nanoparticle Conf., ETHZ, 
Zurich, Switzerland, 22-24 June 2009 
1 Aachen University of Technology, DE 
2 Oekozentrum Langenbruck, CH 
3 FHNW, Windisch, CH 

KITAMURA A., CURTI E., AIMOZ L. 
“Reductive sorption of Se(IV,VI) onto pyrite: a µ-XRF/XAS study”, Goldschmidt 09 Conference, Davos, Switzerland, 
21-26 June 2009 

KOSAKOWSKI G., KULIK D., SHAO H.1, DMYTRIEVA S.2, KOLDITZ O.1 
“Numerical modeling of the evolution for a generic clay/cement interface”, General Assembly: European 
Geosciences Union, Vienna, Austria, 19-24 April 2009 
1 University of Tübingen, DE 
2 SSE Technocentre, Kyiv, UA 

KRACK M., CARAVATI S.1,2, KÜHNE T.2, PARRINELLO M.2, BERNASCONI M.1 
“Extending the Time and Length Scale of Ab Initio Molecular Dynamics Simulations”, HPC Infrastructures for 
Petascale Applications (DEISA PRACE) Symp. 2009, EC, Amsterdam, Netherlands, 11-13 May 2009 
1 University of Milano-Bicocca, Millano, IT 
2 ETHZ, Zurich, CH 

KRACK M., SAMARAS M. 
“HPC needs and recent advances in ceramic materials for fission”, 7th Eur. Commission Conf. on Euratom 
Research and Training in Reactor Systems (FISA 2009), Post FISA Workshop #4: Potential Benefits of High 
Performance Computing for Euratom Research, Prague, Czech Republic, 25 June 2009 

KULIK D. 
“From atomistic calculations to thermodynamic modelling”, Joint DMG, DGK and Helmholtz Virtual Institute 
Workshop on Advanced Solid-Aqueous Radiogeochemistry, University of Frankfurt, Germany, 23-27 February 
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KULIK D., VINOGRAD V.1, PAULSEN N.1, WINKLER B.1 
“(Ca,Sr)CO3 aqueous-solid solution systems: from atomistic calculations to geochemical modeling”, 12th Int. Conf. 
Chemistry and Migration Behaviour of Actinides and Fission Products in the Geosphere (Migration 09), Kennewick, 
USA, 20-25 September 2009 
1 University of Frankfurt, DE 

KULIK D., WAGNER T.1, CHUDNENKO K.2, DMYTRIEVA S.3, HINGERL F., BERNER U., KOSAKOWSKI G. 
“GEMIPM2K: a standalone solver of complex chemical equilibria for application in radiogeochemical coupled 
modeling codes”, 12th Int. Conf. Chemistry and Migration Behaviour of Actinides and Fission Products in the 
Geosphere (Migration 09), Kennewick, USA, 20-25 September 2009 
1 ETHZ, Zurich, CH 
2 A.P. Vinogradov Inst. Of Geochem., Irkutsk, RU 
3 SSE Technocentre, Kyiv, UA 

KURI G., DEGUELDRE C., BERTSCH J., GAVILLET D., DOEBELI M., NOVIKOV D.1 
“Structural changes in helium-implanted Zr0.8Y0.2O1.9 single-crystal substrates and polycrystalline pellets”, 
Hamburger Synchrotronstrahlungslabor (HASYLAB) at Deutsches Elektronen-Synchrotron (DESY), Hamburg, 
Germany, 30 August 2009 
1 DESY, Hamburg, DE 

LOTHENBACH B.1, WIELAND E. 
“Chemical evolution of cementitious materials”, NEA workshop on cementitious materials as safety case for 
geological repositories for radioactive waste: role, evolution, interpretation, Brussels, Belgium, 17-19 November 
2009 
1 EMPA, Dübendorf, CH 

MACE N., WIELAND E., DÄHN R., TITS J., SCHEINOST A.1, STUMPF T.2, WALTHER C.2 
“Determination of the local coordination environment of U(VI) sorption species on cementitious materials under 
alkaline conditions”, MRS’09, 33rd Int. Symp. Scientific Basis for Nuclear Waste Management, Saint Petersburg, 
Russian Federation, 24-29 May 2009 
1 ESRF, Grenoble, FR 
2 FZK, Karlsruhe, DE 

MÄDER U.1, GIMMI T. 
“Reactive transport modelling of a long-term core infiltration experiment with claystone”, Goldschmidt 09 
Conference, Davos, Switzerland, 21-26 June 2009 
1 University of Berne, CH 
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MANERA A. 
“Coupling CFX with the system code TRACE and application to single-phase mixing in a double T-junction loop”, 
Invited Talk, CFD Network Meeting, GRS, Garching, Germany, 20-21 January 2009 

MARQUES FERNANDES M., BAEYENS B., STUMPF T.1, DÄHN R., BRADBURY M.H. 
“The influence of carbonate complexation on actinides sorption on clay minerals”, 12th Int. Conf. Chemistry and 
Migration Behaviour of Actinides and Fission Products in the Geosphere (Migration 09), Kennewick USA, 20-25 
September 2009 
1 FZK, Karlsruhe, DE 

PALADINO D. 
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Invited Talk, 4th Semi-Annual Computational Nuclear Power Safety Seminar (CNPS-4), Royal Institute of 
Technology (KTH), Stockholm, Sweden, 4 December 2009 

POPOV D., DÄHN R., GROLIMUND D., PATTISON P.1, WIELAND E. 
“Identification of crystalline phases of cements using X-ray micro-diffraction techniques”, 25th Eur. Crystallographic 
Meeting, Istanbul, Turkey, 16-21 August 2009 
1 EPFL, Lausanne, CH 

POPOV D., DÄHN R., GROLIMUND D., PATTISON P.1, WIELAND E. 
“Application of X-ray micro-diffraction techniques for characterizing cement materials”, 20th Int. Congr. X-ray Optics 
and Microanalysis, Karlsruhe, Germany, 14-18 September 2009 
1 EPFL, Lausanne, CH 

POUCHON M.A., GHISLENI R.1, HOSEMANN P.2 
“Micro-mechanical testing of irradiated materials”, ZEISS European CrossBeam®/ORION® Workshop, Carl Zeiss, 
Dresden, Germany, 27-29 April 2009 
1 EMPA, Dübendorf, CH 
2 University of California, Davis, US 

REICH T.1, AMAYRI S.1, FRÖHLICH D.1, DREBERT J.1, VAN LOON L.R., WU T.1 
“Sorption and diffusion of Np(V) in Opalinus Clay”, Goldschmidt 09, Davos, Switzerland, 21-26 June 2009 
1 Johannes Gutenberg University, Mainz, DE 

REICH T.1, AMAYRI S.1, WENDT S.1, BAEYENS B., DÄHN R., BRADBURY M.H., SCHEINOST A.2 
“Spectroscopic study and surface complexation modelling of Np(V) sorption on montmorillonite”, 12th Int. Conf. 
Chemistry and Migration Behaviour of Actinides and Fission Products in the Geosphere (Migration 09), Kennewick, 
USA, 20-25 September 2009 
1 Johannes Gutenberg University, Mainz, DE 
2 ESRF, Grenoble, FR 

RISTOVSKI Z.1, SUNI T.1, KULMALA M.1, BOY M.1, MEYER N., TURNIPSEED A.1, MORAWSKA L.1, BALTENSPERGER U., 
MODINI R.2 
“Particle formation processes in Eucalyptus forests ― the role of sulphates and organics”, iLeaps-GEWEX 
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1 Aachen University of Technology, DE 
2 Queensland University of Technology, Brisbain, AU 

ROBINET J.1, SARDINI P.2, ALTMANN S.1, VAN LOON L.R. 
“A multi-scale evaluation of the effects of mineral-porosity spatial variability on solute diffusion in clayrock 
geological formations considered for hosting repositories for radioactive waste”, 12th Int. Conf. Chemistry and 
Migration Behaviour of Actinides and Fission Products in the Geosphere (Migration 09), Kennewick, USA, 20-25 
September 2009 
1 Andra, Chatenay-Malabry, FR 
2 Hydrasa, Poitiers, FR 

ROZOV K., BERNER U., KULIK D. 
“Solubility measurements of hydrotalcite-like solid solutions”, Goldschmidt 09, Davos, Switzerland, 21-26 June 
2009 

SAMARAS M. 
“Atomistic Models of Helium Interactions with Grain Boundaries”, 1st Int. Workshop on Measuring, Modeling and 
Managing Helium-DPA Effects, Villigen PSI, Switzerland, 15-17 June 2009 

SAMARAS M. 
“Issues in Modelling Ferritic Steels”, Multiscale Modeling of Materials: Unsolved Problems and Challenges, ETHZ, 
Monte Verita, Switzerland, 4-9 September 2009 
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SENTIS M.1, ALTORFER F.1, HERFORT M.1, JAKOB A., KOSAKOWSKI G., FRIEDEL S.2 
“Benchmark calculations with COMSOL of the transport of radionuclides through clay and bentonite barriers in a 
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1 ENSI, Brugg, CH 
2 COMSOL, Zürich, CH 

SENTIS M.1, ALTORFER F.1, KOSAKOWSKI G. 
“Benchmark calculations with Tough2-EOS9nT of the transport of nuclides through clay and bentonite barriers in a 
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1 ENSI, Brugg, CH 

SHAO H.1, KOSAKOWSKI G., KULIK D., KOLDITZ O.1 
“Modelling retardation effects by barium and strontium solid solutions on radium cations in the near field of 
radioactive waste repository”, Workshop on Modelling of Coupled Reactive Transport Processes (TRePro II), 
Karlsruhe, Germany, 18-19 March 2009 
1 University of Tübingen, DE 

SHAO H.1, KOSAKOWSKI G., KULIK D., KOLDITZ O.1 
“Modelling combined effects of solid-solution formation and cation exchange on the retardation of aqueous radium”, 
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1 University of Tübingen, DE 

SCHULENBERG T.1, STARFLINGER J.1, MARSAULT PH.2, BITTERMANN D.3, MARACZY C.4, LAURIEN E.5, LYCKLAMA À 
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4 KFKI, Budapest, HU 
5 Universityof Stuttgart, DE 
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8 UJV, Rez, CZ 
9 VTT, Espoo, FI 
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Reactor Systems (FISA 2009), Prague, Czech Republic, 22-24 June 2009 

TITS J., GAONA J., DÄHN R., POPOV D., WIELAND E. 
“Immobilization of neptunium in cementitious repository environments”, NEA Workshop on Cementitious Materials 
as Safety Case for Geological Repositories for Radioactive Waste: Role, Evolution, Interpretation”, Brussels, 
Belgium, 17-19 November 2009 

TÜRCK R.1, MURPHY M., KRÖHNERT H., MACIAN-JUAN R.1, JATUFF F. 
“Assessment of the nuclide concentration estimates with CASMO-4E with experimental data for very high burn-up 
UO2 and MOX fuels”, Paper 122, Jahres. Kern., 12-14 May 2009, Dresden, Germany, CD-ROM, 2009  
1 TUM, Garching, DE 

TÜRCK R.1, MURPHY M., KRÖHNERT H., MACIAN-JUAN R.1, JATUFF F. 
“Long-term evaluation of the isotopic sources of neutrons in high burn-up fuel with CASMO-4E”, Paper 123, Jahres. 
Kern., 12-14 May 2009, Dresden, Germany, CD-ROM, 2009  
1 TUM, Garching, DE 

ULDRY A.C., SAMARAS M., IGLESIAS R., VICTORIA M., HOFFELNER W. 
“From Fe-Cr to Ferritic Steel”, Ψ-k Workshop on Magnetism in Complex Systems, Density Function Theory (DFT) 
and Beyond, Vienna, Austria, 16-19 April 2009 

ULDRY A.C., SAMARAS M., IGLESIAS R., VICTORIA M.1, HOFFELNER W. 
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ULDRY A.C., SAMARAS M., IGLESIAS R., VICTORIA M., HOFFELNER W. 
“Magnetism and structure in ferritic alloys”, Eur. Congr. and Exhibition on Advanced Materials and Processing 
(Euromat 2009), Glasgow, United Kingdom, 7-10 September 2009 
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“(Ba,Sr)SO4 solid solution – aqueous solution system: atomistic calculations and experimental constraints”, 12th Int. 
Conf. Chemistry and Migration Behaviour of Actinides and Fission Products in the Geosphere (Migration 09), 
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Thin Metal Oxide Films by PLD: “Tracing” the oxygen and understanding its role 

NATO 

Projektleiter: M. Dinescu1, E. Verona2, T. Lippert 
Polymers based piezoelectric sensor array for chemical warfare agents detection 
1 National Institute for Lasers, Plasma and Radiation Physics, Romania 
2 CNR-IDAC Rome, Italy 
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NCCR: MANEP 

Projektleiter (MaNEP): L. Schlapbach1, A. Weidenkaff1, T. Lippert, A. Wokaun 
Plasma enhanced anionic substitution (PEAS) for the generation of perovskite phases with different 
properties 
1 EMPA Dübendorf 

Projektleiter (MaNEP): C. Niedermayer, C.W. Schneider 
Electronic properties of oxide superconductors and related materials 

NOVATLANTIS 

Projektleiter: A. Wokaun, S.F. Lienin, S. Ulli-Beer, C. Bach 
Erlebnisraum Mobilität: Aufbau einer sozio-technologischen Feldversuchsumgebung 
Nachhaltigkeit im ETH Bereich 

Projektleiter: S. Perret, S.F. Lienin, S. Ulli-Beer 
Innovative Fahrzeugflotte Basel 
Nachhaltigkeit im ETH Bereich 

OSTLUFT 

Projektleiter: A.S.H. Prévôt 
Mobile Aerosolmassenspektrometer-Messungen im Rheintal und in Zürich 

SBF 

Projektleiter: U. Baltensperger, A.S.H. Prévôt 
ACCENT (Atmospheric Composition Change, the European Network of Exellence) 

Projektleiter: J. Keller 
COST 728 (Linking meteorological and photo-chemical dispersion models: development and tests of an 
interface with improved turbulence schemes) 

Projektleiter: R.T.W. Siegwolf 
COST 639 (Carbon cycling in alpine soils in a warmer world) 

SNF-PdO 

Projektleiter: I. Mantzaras, I. Czekaj 
Computational modeling of Pd/PdOx transformation in redox catalytic cycles 

SWISS AGENCY FOR DEVELOPMENT AND COOPERATION (SDC) 

Projektleiter: Ch. Ludwig 
Relevance of arsenic complexed with organic matter in Chinese ground water 
Within EPFL SDC 2009-2012 Scientific Cooperation Fund 

SWISSELECTRIC RESEARCH (CCEM) 

Projektleiter: S.M.A. Biollaz 
Methan aus Holz 

Projektleiter: I. Mantzaras, P. Jansohn 
Technologies for Gas Turbine Power Generation with CO2 Mitigation 

Projektleiter: J. Wochele, Ch. Ludwig 
TREPGAS: Trace Elements in Product Gases 
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UGZ 

Projektleiter: E. Weingartner, J. Brunner1 
Entwicklung eines SMPS-Systems für den kontinuierlichen Einsatz 
1 Amt für Umwelt- und Gesundheitsschutz, Zürich 

UNIVERSITIES 

Projektleiter: P.P. Radi 
REMPI and Photoelectron-Spectroscopy on Formaldehyde 
Prof. F. Merkt, ETH Zürich 

Projektleiter: P.P. Radi 
DFWM and TC-RFWM Spectroscopy on Transient Molecules and Radicals 
Prof. J.P. Maier, Universität Basel 

Projektleiter: P.P. Radi 
Detection of Weak Overtone and Combination Band of Methane  
Dr. D. Kozlov, General Physics Institute, Moscow, Russia 
Prof. D.A. Sadovskii, Département de physique, Université du Littoral, Dunkerque, France 

VELUX STIFTUNG 

Projektleiter: Ch. Ludwig 
Hydrothermal methane from microalgae (the SunCHem process) 
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TEACHING ACTIVITIES (LECTURES) 

University Level Teaching 

Prof. Dr. U. Baltensperger, Prof. Dr. H. Burtscher, Dr. C. Marcolli 
Aerosole II 
ETH Zürich, FS 2009. 

Prof. Dr. U. Baltensperger, Prof. Dr. H. Burtscher, Dr. C. Marcolli 
Aerosole I 
ETH Zürich, HS 2009. 

Prof. Dr. U. Baltensperger 
European Research Courses on Atmospheres 
- Sources, sinks and global distribution of aerosols 
- Direct and indirect aerosol effect on climate 
- Smog chamber activities and other new directions of research  
ERCA, Grenoble, France, January 12 – February 13, 2009. 

Prof. Dr. K. Boulouchos1, Dr. O. Kröcher 
IC-Engines and Propulsion Systems II 
ETH Zürich, HS 2009. 
1 ETH Zürich 

Dr. P. Jansohn 
Gasturbinen: Prozesse und Verbrennungssysteme 
(Vorlesung für höhere Semester/Master in den Studiengängen Maschineningenieurwissenschaften und 
Energy Science & Technology) 
ETH Zürich, FS 2009. 

PD Dr. T. Lippert 
Inorganic Thin Films: Processing, Properties and Applications  
Contributions (4 lectures on the topic: Vacuum thin film deposition techniques and Thin film industrial 
applications) to the lecture: by L. Gauckler, J. Rupp, A. Bieberle  
ETH Zürich, FS 2009. 

PD Dr. T. Lippert 
Mikro- und Nanostrukturen: Laseranwendungen in Industrie und Forschung  
ETH Zürich, HS 2009. 

Dr. P. Loutzenhiser 
Thermodynamics III 
ETH Zürich, HS 2009. 

Prof. Dr. Ch. Ludwig 
Advanced Solid Waste Treatment 
Master 7th and 9th semester 
EPF Lausanne, FS 2009. 

Prof. Dr. Ch. Ludwig 
Analyse des polluants dans l'environnement, together with Dr. Felippe de Alencastro 
Bachelor 5th semester 
EPF Lausanne, FS 2009. 

Prof. Dr. Ch. Ludwig 
Joint course with Prof. Dr. J.-L. Scartezzini, Dr. D. Robinson, Prof. Dr. A.G. Dumont, Dr. J-J. Hefti,  
Prof. Dr. A. Mermoud, Prof. Dr. R. Schlaepfer, Dr. M. Soutter 
Quartiers urbains, infrastructures et aménagements durables 
Bachelor 6th semester 
EPF Lausanne, HS 2009. 

PD Dr. I. Mantzaras, Dr. C. Frouzakis 
Theoretical and Numerical Combustion 
ETH Zürich, FS 2009. 
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Prof. Dr. P. Novák, Prof. Dr. A. Wokaun 
Technische Elektrochemie 
ETH Zürich, HS 2009. 

Dr. A.S.H. Prévôt, Prof. J. Staehelin 
Tropospheric Chemistry 
ETH Zürich, FS 2009. 

Dr. R.T.W. Siegwolf, Dr. M. Lehmann 
Stabile Isotope in den Umwelt- und Geowissenschaften 
University of Basel, WS 2008/2009. 

Prof. Dr. A. Steinfeld, Prof. Dr. R. Abhari 
Energy Systems and Power Engineering 
ETH Zürich, FS 2009. 

Prof. Dr. A. Steinfeld 
Concentrated Solar Power and Fuels 
California Institute of Technology, Pasadena, USA, HS 2009. 

Dr. F. Vogel (gemeinsam mit Prof. Dr. Ph. Rudolf von Rohr) 
Einführung in die Verfahrenstechnik / Vorlesung 5. Semester Maschinenbau und Verfahrenstechnik 
ETH Zürich, HS 2009. 

Prof. Dr. A. Wokaun, Dr. G.G. Scherer, Prof. Dr. K. Boulouchos 
Renewable Energy Technologies II 
ETH Zürich, FS 2009. 

Prof. Dr. A. Wokaun, Dr. P. Loutzenhiser 
Renewable Energies Technologies I 
ETH Zürich, HS 2009. 
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Contributions to Courses at Universities, FHL, and Other Institutes 

Prof. Dr. U. Baltensperger 
Organic aerosol: Formation, Transformation, Characterization, and Source apportionment 
- Italian Aerosol School, Bari, Italy, December 14-19, 2009. 
- University of Stockholm, Sweden, November 21-25, 2009. 

Dr. S.M.A. Biollaz 
Renewable Energy Technologies I (lectures on biomass, biofuels) 
ETH Zürich, HS 2009. 

M. Brandenberger 
Biological Gas Treatment 
Master in environmental engineering, environmental sciences and engineering, SSIE,  
EPF Lausanne, FS 2009. 

Dr. W. Durisch 
Photovoltaik - Strom aus Sonnenlicht 
ABB University, Lerncenter Business Processes and Power System Management, Baden, October 23, 2009. 

Dr. W. Durisch 
Photovoltaik - Strom aus Sonnenlicht 
Energietechnische Aus- und Weiterbildung für nichttechnische Fach- und Führungskräfte,  
ABB Technikerschule, Baden, May 4, 2009. 

Dr. M. Nachtegaal 
“Cook and Look: Synchrotron Techniques.” Part of the Master’s Program, 
“Biogeochemistry and Pollution Dynamics“ 
ETH Zürich 

Dr. M. Nachtegaal 
Practicum Summer School on Functional Materials 
ETH Zürich 

Dr. R.T.W. Siegwolf, Dr. M. Saurer 
Stabile Isotope in der Ökologie 
University of Zürich, Lecture and Practicum, January 26-30, 2009. 

Dr. R.T.W. Siegwolf 
Tree Physiology and Stable Isotopes 
Springschool INRA Nancy, France, March 16-20, 2009. 

Dr. R.T.W. Siegwolf, Dr. M. Saurer 
Stabile Isotope in der Ökologie und Physiologie der Pflanzen 
University of Basel, Lecture and Practicum, November 23-27, 2009. 

Dr. S. Ulli-Beer 
Systeme, Komplexität – und wie Menschen damit umgehen können 
Einführung in Allgemeine Ökologie - Systemansätze, Interfakultäre Koordinationsstelle für Allgemeine 
Ökologie, Universität Bern, November 26 – Dezember 3, 2009. 

Prof. Dr. A. Wokaun 
Energy Situation 
EMBA and Executive Diploma Programmes "Utility Technology: Module 3" 
iimt, University of Fribourg, September 30, 2009. 
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PUBLICATIONS 

Books and Reviewed Book Chapters 

F.N. Büchi, M. Inaba, T.J. Schmidt, Editors 
Polymer Electrolyte Fuel Cell Durability 
ISBN 978-0-387-85534-9, Springer Science + Business Media, LLC (2009). 

F.N. Büchi 
Mathematical modeling of fuel cells 
ISBN 978-0-470-23289-7, Fuel Cells: Problems and Solutions, Edited by V.S. Bagotsky, John Wiley & Sons, 
Inc., Chapter 15, 255-261 (2009). 

F.N. Büchi 
Heterogeneous cell ageing in polymer electrolyte fuel cell stacks 
ISBN 978-0-387-85534-9, e-ISBN 978-0-387-85536-3, Springer Science+Business Media, LLC 2009. 
Polymer Electrolyte Fuel Cell Durability, Edited by F.N. Büchi, M. Inaba, T.J. Schmidt, 431-439 (2009). 

S.A. Freunberger, M. Reum, F.N. Büchi 
Design approaches for determining local current and membrane resistance in polymer electrolyte fuel cells 
(PEFCs) 
ISBN 978-0-470-72311-1, Handbook of Fuel Cells – Fundamentals, Technology and Applications, Edited by 
W. Vielstich, H.A. Gasteiger, H. Yokokawa; John Wiley & Sons, Chichester, 6, Chapter 41, 603-615 (2009). 

L. Gubler, G.G. Scherer 
Durability of radiation grafted fuel cell membranes 
doi: 10.1007/978-0-387-85536-3, Polymer Electrolyte Fuel Cell Durability, Edited by F.N. Büchi, M. Inaba, 
T.J. Schmidt, ISBN 978-0-387-85534-9, Springer, New York, 133-155 (2009). 

L. Gubler, G.G. Scherer 
Radiation grafted proton conducting membranes 
ISBN 978-0-470-72311-1, Handbook of Fuel Cells – Fundamentals, Technology and Applications, Edited by 
W. Vielstich, H.A. Gasteiger, H. Yokokawa, John Wiley & Sons, Chichester, 5, Chapter 20, 313-321 (2009). 

T. Lippert 
UV laser ablation of polymers: from structuring to thin film deposition, in Laser-Surface Interactions for New 
Materials Production Tailoring Structure and Properties 
Eds. A. Miotello, P.M. Ossi, Springer, Berlin, Springer Series in Material Chemistry 130, 141 (2009). 

I. Mantzaras 
Catalytic combustion of syngas 
ISBN: 978-1-4200-8534-1, Eds. T.C. Lieuwen and V. Yang, Taylor and Francis Publ., London, Gas synthesis 
combustion: fundamentals and applications, Chapter 8, 223-260 (2009). 

A. Meier, A. Steinfeld 
Chemische Brennstoffe aus Solarenergie 
ISBN 978-3-7281-3219-2, Energie, P.R. von Rohr, P. Walde, B. Batlogg Eds., vdf Hochschulverlag AG an 
der ETH Zürich, 107-114 (2009). 

P. Novák, D. Goers1, M.E. Spahr1 
Carbon materials in lithium-ion batteries 
ISBN 10: 1420053078, ISBN 13: 9781420053074, Edited by F. Béguin and E. Frackowiak, CRC Press - 
Taylor and Francis Group, Boca Raton-New York, Carbon materials for electrochemical energy storage 
systems, 263-328 (2009). 
1 TIMCAL SA, Bodio 

V. Prigiobbe1, G. Costa2, R. Baciocchi2, M. Hänchen, M. Mazzotti1 
The effect of CO2 and salinity on olivine dissolution kinetics at 120 °C 
Chem. Eng. Sci. 64, 3510-3515 (2009). 
1 ETH Zürich 
2 University of Rome “Tor Vergata”, Rome, Italy 



14 

I.A. Schneider, G.G. Scherer 
Local transient techniques in polymer electrolyte fuel cell (PEFC) diagnostics 
ISBN 978-0-470-72311-1, Handbook of Fuel Cells – Fundamentals, Technology and Applications, Edited by 
W. Vielstich, H.A. Gasteiger, H. Yokokawa, John Wiley & Sons, Chichester, 6, Part 4, Chapter 45, 673-686 
(2009). 

A. Steinfeld 
Editor-in-Chief 
ASME Journal of Solar Energy Engineering 131, Issues 1, 2, 3, 4 (2009). 

S. Stucki 
Perspektiven der Technologieentwicklung zur Nutzung von Energieholz 
ISBN 978-3-7281-3209-3, Kapitel in O.Thees und R. Lemm, Management zukunftsfähige Waldnutzung,  
vdf Hochschulverlag Zürich, 715-726 (2009). 

S. Ulli-Beer, M. Bosshardt, P. Dietrich, A. Wokaun 
What alternative drive-train technologies and policies are needed to meet a 50% CO2 reduction target? 
ISBN: 978-0-7680-2154-7, S. Das (Ed.), “Sustainable Mobility Applications for Engineering”.  
SAE International, Detroit, Michigan, USA (2009). 

F. Vogel 
Catalytic conversion of high-moisture biomass to synthetic natural gas in supercritical water 
ISBN 978-3-527-32497-2, Handbook of Green Chemistry, Paul Anastas (Series Editor), 2, Heterogeneous 
Catalysis, Robert Crabtree (Volume Editor), Wiley-VCH: Weinheim, chapter 12, 281-324 (2009). 

C. Wieckert, M. Epstein1, G. Olalde2, S. Santén3, A. Steinfeld 
Zinc-air batteries - solar thermal recharge (Zn/ZnO) 
ISBN: 978-0-444-52093-7, Edited by Jürgen Garche, Chris Dyer, Patrick Moseley, Zempachi Ogumi, David 
Rand, Bruno Scrosati, Amsterdam, Elsevier, Encyclopedia of Electrochemical Power Sources 5, 469-486, 
(2009). 
1 The Weizmann Institute of Science, Rehovot, Israel  
2 PROMES-CNRS, Odeillo, France 
3 ScanArc Plasma Technologies AG, Hofors, Sweden 

A. Wokaun et al. 
Energy Technology 
ISBN 978-3-00-027388-4, GENNESYS White Paper, A new European partnership between nanomaterials 
science & nanotechnology and synchrotron radiation and neutron facilities, Max-Planck-Institut für 
Metallforschung, Stuttgart, February, 186-205 (2009). 
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Peer Reviewed Papers 

A.C. Aiken, D. Salcedo, M.J. Cubison, J.A. Huffmann, P.F. DeCarlo, I.M. Ulbrich, K.S. Docherty, D. Sueper, 
J.R. Kimmel, D.R. Worsnop, A. Trimborn, M. Northway, E.A. Stone, J.J. Schauer, R.M. Volkamer, E. Fortner, 
B. De Foy, J. Wang, A. Laskin, V. Shutthanandan, J. Zheng, R. Zhang, J. Gaffney, N.A. Marley, G. Paredes-
Miranda, W.P. Arnott, L.T. Molina, G. Sosa, J.L. Jimenez 
Mexico city aerosol analysis during MILAGRO using high resolution aerosol mass spectrometry at the urban 
supersite (T0) - Part 1: Fine particle composition and organic source apportionment 
Atmos. Chem. Phys. 9, 6633-6653 (2009). 

E.M.C. Alayon1, J. Singh1, M. Nachtegaal, M. Harfouche, J.A. van Bokhoven1  
On highly active partially oxidized platinum in carbon monoxide oxidation over supported platinum catalysts 
J. Catal. 263, 228-238 (2009). 
1 ETH Zürich 

R. Bader1, P. Haueter1, A. Pedretti2, A. Steinfeld 
Optical design of a novel 2-stage solar trough concentrator based on pneumatic polymeric structures 
ASME J. Solar Energy Eng. 131, 031007, 1-9 (2009). 
1 ETH Zürich 
2 ALE Airlight, Biasca 

M. Bahn, M. Schmitt, R. Siegwolf, A. Richter, N. Bruggemann 
Does photosynthesis affect grassland soil-respired CO2 and its carbon isotope composition on a diurnal 
timescale? 
New Phytologist 182, 451-460 (2009). 

R. Bahreini, B. Ervens, A.M. Middlebrook, C. Warneke, J.A. deGouw, P.F. DeCarlo, J.L. Jimenez,  
C.A. Brock, J.A. Neuman, T.B. Ryerson, H. Stark, E. Atlas, J. Brioude, A. Fried, J. Holloway, J. Peischl,  
D. Richter, J. Walega, P. Weibring, A.G. Wollny, F.C. Fehsenfeld 
Organic aerosol formation in urban and industrial plumes near Houston and Dallas, Texas 
doi:10.1029/2008JD011493, J. Geophys. Res. 114, D00F16 (2009). 

P. Barmet, T. Kuster, A. Muhlbauer, U. Lohmann 
Weekly cycle in particulate matter versus weekly cycle in precipitation over Switzerland 
doi:10.1029/2008JD011192, J. Geophys. Res. 114, D05206 (2009). 

G. Battipaglia, M. Saurer, P. Cherubini, R.T.W. Siegwolf, M.F. Cotrufo 
Tree rings indicate different drought resistance of a native (Abies alba Mill.) and a nonnative (Picea abies (L.) 
Karst.) species co-occurring at a dry site in Southern Italy 
Forest Ecology and Management 257, 820-828 (2009). 

J. Becker1, R. Flückiger, M. Reum, F.N. Büchi, F. Marone, M. Stampanoni 
Determination of material properties of gas diffusion layers: Experiments and simulations using phase 
contrast tomographic microscopy 
doi: 10.1149/1.3176876, J. Electrochem. Soc. 156, B1175-B1181 (2009). 
1 Fraunhofer ITWM, Kaiserslautern, Germany 

H. Ben youcef, L. Gubler, S. Alkan Gürsel, T. Yamaki1, S. Sawada1, A. Wokaun, G.G. Scherer 
Crosslinker effect in ETFE based radiation grafted proton conducting membranes: II. Extended fuel cell 
operation and degradation analysis 
doi: 10.11149/1.3082109, J. Electrochem. Soc. 156, B532-539 (2009). 
1 Japan Atomic Energy Agency (JAEA), Japan 

H. Ben youcef, L. Gubler, S. Alkan-Gürsel, D. Henkensmeier, A. Wokaun, G.G. Scherer 
Novel ETFE based radiation grafted poly(styrene sulfonic acid-co-methacrylonitrile) proton conducting 
membranes with increased stability 
doi: 10.1016/j.elecom.2009.02.047, Electrochem. Commun. 11, 941-944 (2009). 

J. Bernard, S. Delprat1, F.N. Büchi, T.M. Guerra1 
Fuel cell hybrid powertrain: Towards minimization of hydrogen consumption 
doi: 10.1109/TVT.2009.2014684, IEEE Transaction on Vehicular Technology 58, 3168-3176 (2009). 
1 Université de Valenciennes et du Hainaut-Cambrésis, France 
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I. Bilecka1, A. Hintennach, I. Djerdj1, P. Novák, M. Niederberger1 
Efficient microwave-assisted synthesis of LiFePO4 mesocrystals with high cycling stability 
doi: 10.1039/b909545d, J. Mater. Chem. 19, 5125-5128 (2009). 
1 ETH Zürich 

D. Bleiner1, T. Lippert 
Stopping power of a buffer for laser plasma debris mitigation 
J. App. Phys. 106, 123301 (2009). 
1 ETH Zürich 

A. Bodi, M. Johnson, T. Gerber, Z. Gengeliczki1, B. Sztaray2, T. Baer3 
Imaging photoelectron photoion coincidence spectroscopy with velocity focusing electron optics 
Rev. Sci. Instr. 80, 034101 (2009). 
1 Eötvös Loránd University, Budapest, Hungary 
2 University of the Pacific, Stockton, California, USA 
3 University of North Carolina, USA 

A. Bodi, N.S. Shuman1,T. Baer1 

On the ionization and dissociative photoionization of iodomethane: a definitive experimental enthalpy of 
formation of CH3I 
doi: 10.1039/b915400k, Phys. Chem. Chem. Phys. 11, 11013-11021 (2009). 
1 University of North Carolina, USA 

S. Brandenberger, O. Kröcher, A. Wokaun, A. Tissler, R. Althoff 
The role of Brønsted-acidity in the selective catalytic reduction of NO with ammonia over Fe-ZSM-5 
J. Catal. 268, 297-306 (2009). 

N. Bukowiecki, P. Lienemann, M. Hill, R. Figi, A. Richard, M. Furger, K. Rickers, G. Falkenberg, Y.J. Zhao, 
S.S. Cliff, A.S.H. Prévôt, U. Baltensperger, B. Buchmann, R. Gehrig 
Real-world emission factors for antimony and other brake wear related trace elements: Size-segregated 
values for light and heavy duty vehicles 
Environ. Sci. Technol. 43, 8072-8078 (2009). 

N. Bukowiecki, R. Richter, M. Furger, E. Weingartner, M. Aguirre, T. Huthwelker, P. Lienemann, R. Gehrig, 
U. Baltensperger 
Deposition uniformity and particle size distribution of ambient aerosol collected with a rotating drum impactor 
doi:10.1080/02786820903002431, Aerosol Sci. Technol. 43, 891-901 (2009). 

S. Canulescu1, E. Papadopoulou2, D. Anglos2, T. Lippert, C.W. Schneider, A. Wokaun 
Mechanisms of the laser plume expansion during laser ablation of LiMn2O4 

J. Appl. Phys. 105, 063107-11 (2009). 
1 EMPA Thun 
2 Institute of Electronic Structure and Laser, Greece 

M. Casapu, O. Kröcher, M. Elsener 
Screening of doped MnOx-CeO2 catalysts for low-temperature NO-SCR 
Appl. Catal. B 88, 413-419 (2009). 

S.Y. Chew, S.H. Ng, J. Wang1, P. Novák, F. Krumeich2, S.L. Chou1, J. Chen1, H.K. Liu1 
Flexible free-standing carbon nanotube films for model lithium-ion batteries 
doi: 10.1016j.carbon.2009.06.045, Carbon 47, 2976-2983 (2009). 
1 University of Wollongong, Australia 
2 ETH Zürich 

S.Y. Chew, T.J. Patey, O. Waser1, S.H. Ng, R. Büchel1, A. Tricoli1, F. Krumeich1, J. Wang2, H.K. Liu2, 
S.E. Pratsinis1, P. Novák 
Thin nanostructured LiMn2O4 films by flame spray deposition and in situ annealing method 
doi: 10.1016./j.powsour.2008.12.085, J. Power Sources 189, 449-453 (2009). 
1 ETH Zürich 
2 University of Wollongong, Australia 
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P. Coray, W. Lipinski1, A. Steinfeld 
Experimental and numerical determination of thermal radiative properties of ZnO particulate media 
ASME J. Heat Transfer 132, 012701 (2009). 
1 ETH Zürich 

J.D. Crounse, P.F. DeCarlo, D.R. Blake, L.K. Emmons, T.L. Campos, E.C. Apel, A.D. Clarke,  
A.J. Weinheimer, D.C. McCabe, R.J. Yokelson, J.L. Jimenez, P.O. Wennberg 
Biomass burning and urban air pollution over the Central Mexican Plateau 
Atmos. Chem. Phys. 9, 4929-4944 (2009). 

I. Czekaj, F. Loviat, J. Wambach, A. Wokaun 
Nickel deposition on γ-Al2O3: Modelling metal particle behaviour at the support 
doi: 10.2533/chimia.2009.193, Chimia 63, 193-196 (2009). 

I. Czekaj, J. Wambach, O. Kröcher 
Modelling catalyst surfaces using DFT cluster calculations 
Int. J. Mol. Sci. 10, 4310-4329 (2009). 

I. Czekaj, O. Kröcher 
Decomposition of urea in the SCR process: Combination of DFT calculations and experimental results on the 
catalytic hydrolysis of isocyanic acid on TiO2 and Al2O3 

Top. Catal. 52, 1740-1745 (2009). 

L. Dombrovsky1, L. Schunk, W. Lipiński1, A. Steinfeld 
An ablation model for the thermal decomposition of porous zinc oxide layer heated by concentrated solar 
radiation 
Int. J. Heat Mass Transfer 52, 2444-2452 (2009). 
1 ETH Zürich 

J. Dommen, H. Hellen, M. Saurer, M. Jäggi, R. Siegwolf, A. Metzger, J. Duplissy, M. Fierz, U. Baltensperger 
Determination of the aerosol yield of isoprene in the presence of an organic seed with carbon isotope 
analysis 
Environ. Sci. Technol. 43, 6697-6702 (2009). 

F. Drewnick, S.S. Hings, M.R. Alfarra, A.S.H. Prévôt, S. Borrmann 
Aerosol quantification with the aerodyne aerosol mass spectrometer: detection limits and ionizer background 
effects 
Atmos. Meas. Tech. 2, 33-46 (2009). 

E.J. Dunlea, P.F. DeCarlo, A.C. Aiken, J.R. Kimmel, R.E. Peltier, R.J. Weber, J. Tomlinson, D.R. Collins,  
Y. Shinozuka, C.S. McNaughton, S.G. Howell, A.D. Clarke, L.K. Emmons, E.C. Apel, G.G. Pfister,  
A. van Donkelaar, R.V. Martin, D.B. Millet, C.L. Heald, J.L. Jimenez 
Evolution of Asian aerosols during transpacific transport in INTEX-B 
Atmos. Chem. Phys. 9, 7257-7287 (2009). 

J. Duplissy, M. Gysel, S. Sjögren, N. Meyer, N. Good, L. Kammermann, V. Michaud, R. Weigel,  
S. Martins dos Santos, C. Gruening, P. Villani, P. Laj, K. Sellegri, A. Metzger, G.B. McFiggans, G. Wehrle,  
R. Richter, J. Dommen, Z. Ristovski, U. Baltensperger, E. Weingartner 
Intercomparison study of six HTDMAs: results and recommendations 
Atmos. Meas. Tech. 2, 363-378 (2009). 

F. Ernst1, A. Steinfeld, S. Pratsinis1 
Hydrolysis rate of submicron Zn particles for solar H2 synthesis 
Int. J. Hydrogen Energy 34, 1166-1175 (2009). 
1 ETH Zürich 

A. Escrig, E. Monfort, I. Celades, X. Querol, F. Amato, M.C. Minguillón, P.K. Hopke 
Application of optimally scaled target factor analysis for assessing source contribution of ambient PM10 
J. Air Waste Manage. Assoc. 59, 1296-1307 (2009). 
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Co-organizer 

P. Novák 
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Bio-SNG’09, Int. Conference on advanced biomass-to-SNG technologies and their market implementation, 
Zürich, May 26-27, 2009. 
Organizer 

Ulli-Beer, S.S. Groesser, S. Bruppacher, R. Kaufmann-Hayoz 
Abschlussworkshop Diffusionsdynamik energieeffizienter Bauten 
Ergebnisse des NFP 54Projekts, Alte Mühle, Langenthal, Januar 14, 2009. 
Organizing Committee 

S. Ulli-Beer, E. Moxnes 
Thread Chair Energy and Resources & Member of the Organising Committee 
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Proceedings of the International System Dynamics Conference 
Reviewer 

Ch. Wieckert 
Hydropole-Swiss Hydrogen Association 
Board Member 

A. Wokaun 
Schweizerische Akademie der Technischen Wissenschaften (SATW) 
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Scientific Advisory Committee of the European Fuel Cell Forum 2009, Luzern, July 2, 2009. 

M. Schubert, J. Müller, F. Vogel 
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J.M. Schippers 
The first (almost) 2 year clinical operation of the SC cyclotron and beam lines at PSI’s Center for 
Proton Radiation Therapy 
Centre de Protonthérapie d’Orsay, Orsay, France, 14 January 2009 
 
J.M. Schippers 
Bestralingsapparatuur voor protonentherapie op PSI 
Conferentie Protonentherapie, Technical University Delft, the Netherlands, 29 January 2009 
 
J.M. Schippers 
Toekomstige ontwikkelingen in de protonentherapie 
Conferentie Protonentherapie, Technical University Delft, the Netherlands, 29 January 2009 
 
J.M. Schippers  
Protontherapy at PSI: Physics and Technology for Healthcare 
Department of Physics, University of Basel, Switzerland, 24 April 2009 
 
J.M. Schippers  
How can particle therapy benefit from magnet technology? 
16th Int. Magnetic Measurement Workshop, Bad Zurzach, Switzerland, 27 October 2009 
 
J.M. Schippers 
Acquisition and clinical operation of the SC-cyclotron for proton therapy at PSI 
LNL-INFN, Legnaro-Padova, Italy, 6 November 2009 
 
J.M. Schippers 
Proton Therapy at PSI: High-Tech Research for Healthcare 
Refresher course of the school for Health Physics, University of Groningen, Groningen,  
the Netherlands, 19 November 2009 
 
M. Seidel 
Prerequisites for successful high power beam operation 
Conference on the SPIRAL 2 project, GANIL, Caen, France, January 26-29 2009 
 
M. Seidel 
PSI experience with high power beam handling, activation and radiation protection 
European Spallation Source workshop, Bilbao, Spain, 16-18 March 2009 
 
M. Seidel 
Performance of the PSI High Power Proton Accelerator 
IAEA Conference on Nuclear Research Applications and Utilization of Accelerators, Vienna, 
Austria, 4-8 May 2009 
 
M. Seidel 
The PSI High Intensity Proton Accelerator 
J-PARC, Tokai-mura, Japan, 7 July 2009 
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M. Seidel 
Cyclotron Based High Intensity Proton Accelerators 
Workshop on Applications of High Intensity Proton Accelerators, Fermilab, USA, 20 October 2009 
 
L. Stingelin 
RF-Developments at PSI 
13 ESLS-RF Meeting, DESY, Hamburg, Germany, 1 October 2009 
 
M. Wittberger 
Self-Consistent 3D Finite Element Vlasov-Maxwell Solver with Particles 
ICAP 2009, San Francisco, USA, 31 August – 4 September 2009 
 
M. Wohlmuther 
MEGAPIE on the Way to PIE 
2009 Winter Meeting of the ANS, Washington, DC, USA, 15-19 November 2009 
 
L. Zanini 
Accelerator Driven Systems for Nuclear Waste Transmutation: Recent Advances 
University of Torino, Italy, 27 April 2009 
 
D. Zimoch 
Writing EPICS Drivers 
EPICS Workshop, National Fusion Research Institute, Daejeon, Republic of Korea, 
27-29 July 2009 
 
D. Zimoch 
AsynDriver Introduction 
EPICS Workshop, National Fusion Research Institute, Daejeon, Republic of Korea, 
27-29 July 2009 
 
D. Zimoch 
Channel Access Gateway 
EPICS Workshop, National Fusion Research Institute, Daejeon, Republic of Korea, 
27-29 July 2009 
 
D. Zimoch 
Auto Save and Restore 
EPICS Workshop, National Fusion Research Institute, Daejeon, Republic of Korea, 
27-29 July 2009 
 
D. Zimoch 
Siemens S7 PLC Communication 
EPICS Workshop, National Fusion Research Institute, Daejeon, Republic of Korea, 
27-29 July 2009 
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WORKSHOPS (organized by GFA and SwissFEL) 
 
A. Adelmann 
Co-Organizer 
HPC Workshop 
EPFL Lausanne, Switzerland, 7-8 September 2009 
 
B. Keil 
Organizer 
European XFEL BPM and Beam Stability Workshop 
Paul Scherrer Institut, Villigen, Switzerland, 27-28 August 2009 
 
B. Patterson, M. Bugmann 
Organizers 
PSI-XFEL Science Workshop, Ultrafast Biochemistry 
Pharmazentrum, University Basel, Switzerland, 28 January 2009 
 
B. Patterson, M. Bugmann 
Organizers 
PSI-XFEL Science Workshop, Novel XFEL Ideas and Challenges 
Paul Scherrer Institut, Villigen, Switzerland, 26-27 February 2009 
 
B. Patterson, M. Bugmann 
Organizers 
PSI-XFEL Science Workshop, Time-Resolved Spectroscopy of Correlated Electron Materials 
University of Zurich, Zurich, Switzerland, 6 March 2009 
 
B. Patterson, A. Oppelt, S. Bacher 
Organizers 
Workshop for a THz source at the SwissFEL 
Park-Hotel, Bad Zurzach, Switzerland, 10 December 2009 
 
S. Sanfilippo, M. Bugmann, J. Duppich, M. Negrazus, V. Vrankovic, C. Vock 
Organizers 
IMMW 16 – Int. Magnetic Measurement Workshop 
Bad Zurzach, Switzerland, 26-29 October 2009 
 
V. Schlott, M. Bugmann, J. Chrin, M. Dehler, G. Marinkovic, P. Pollet, Th. Schilcher, C. Vock 
Organizers 
DIPAC 2009, European Workshop on Beam Instrumentation for Particle Accelerators 
Hotel Mercure, Basel, Switzerland, 25-27 May 2009 
 
R. Abela, H. Braun, M. Bugmann, S. Egli, D. Vermeulen 
Topical Workshop on IT Infrastructure and Control Systems for SwissFEL 
Schloss Böttstein, Böttstein, Switzerland, 15 December 2009 
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BACHELOR / MASTER THESES 
 
A. De Simone 
Neutronic Design of a Spallation Neutron Source and Study of Medical Applications 
Bachelor thesis, University of Torino, Italy, October 2009 
Thesis Advisor: Dr. L. Zanini (PSI) 
 
P. Käppeli 
Experimentelle Untersuchung zur Detektion von Kavitationsgeräusch und strömungserregten 
Schwingungen 
Bachelor Thesis, FHNW-ITFE Windisch, Switzerland, 14. August 2009 
Thesis advisors: Prof. Dr. C. Gossweiler (FHNW Windisch), Dr. R. Milenković (PSI),  
 Dr. S. Dementevs (PSI) 
 
Anouk ter Brugge 
Beam Dynamics Studies for the Central Region of a 250 MeV Superconducting Cyclotron 
Bachelor Thesis at Saxion Hogeschool Enschede, the Netherlands, January 2009 
Thesis advisor: Dr. J.M. Schippers (PSI) 
 
Christina Wouters 
Central region studies of the 250 MeV SC cyclotron for proton therapy 
Master Thesis, University of Groningen, the Netherlands, December 2009 
Thesis advisor: Dr. J.M. Schippers (PSI) 
 
 
 
DISSERTATIONS 
 
C. Bracco 
Commissioning Scenarios and Tests for the LHC Collimation System 
Thesis No. 4271 / EPFL Lausanne, Switzerland 2009 
Thesis advisors: Prof. Dr. A. Wrulich (EPFL, PSI) 
 Prof. Dr. A. Bay (EPFL) 
 Prof. Dr. L. Rivkin (EPFL, PSI) 
 Dr. R. Assmann (CERN) 
 
D. Martoccia 
Structural Studies of h-BN and Graphene Single-Layers on Transition-Metal Surfaces 
Thesis, MNF Fakultät, University of Zurich 2009 
Thesis advisors: Prof. B.D. Patterson (PSI, Univ ZH) 
 Prof. H. Keller (Univ ZH) 
 
M. Pojer 
A finite element model of the LHC dipole cold mass with hysteretic, non-linear behavior and 
single turn description : towards the interpretation of magnet quenches 
Thesis No 4259 / EPFL, Lausanne, Switzerland 2009 
Thesis advisors:  Prof. Dr. A. Wrulich (EPFL, PSI) 
 Prof. Dr. A. Bay (EPFL) 
 Prof. Dr. L. Rivkin (EPFL, PSI) 
 Dr. W. Scandale (CERN) 
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G. Sterbini 
An early separation scheme for the LHC luminosity upgrade 
Thesis No 4574 / EPFL, Lausanne, Switzerland, 2009 
Thesis advisors: Prof. Dr. L. Rivkin (EPFL, PSI) 
 Dr. J.-P. Koutchouk (CERN) 
 
 
B. Salvant 
Impedance model of the CERN SPS and aspects of LHC single-bunch stability 
Thesis No 4585 / EPFL, Lausanne, Switzerland, 2009 
Thesis advisors: Prof. Dr. L. Rivkin (EPFL, PSI) 
 Dr. E. Métral (CERN) 
J.J. Yang 
3D Simulation Study of Space Charge Effects on High Intensity Cyclotrons 
Thesis, Tsinghua University, Beijing, China, 2009 
Thesis advisors: Prof. Dr. C.Tang (Tsinghua University, Beijing) 
 Prof. Dr. T. Zhang (Chinese Institute of Atomic Energy, Beijing)  
 Dr. A. Adelmann (PSI) 
 
 
 
Memberships in external Committees 
 
A. Adelmann 
- Speedup Society (treasury) 
- CSCS "Horizon Project" Steering Committee 
- Program Committee ICFA High Brightness Beam Dynamics Workshop 
- International Super Computing Conference (ISC), Program Committee 
- Expert for Mathematics "Maturitaets Exams" 
- Innovative and Novel Computational Impact on Theory and Experimentation (INCITE), 

Committee US 
 
M. Boege 
- Machine Advisory Committee Taiwan Photon Source (TPS), NSRRC, Taiwan 

 
H. Braun 
- DESY, Machine Advisory Committee 
- European XFEL, Machine Advisory Committee 
- PAL IAC, Korea 

 
T. Garvey 
- International Linear Accelerator Conference Program Committee 
- International Linear Accelerator Conference Organising Committee 
- French (CEA/CNRS) Committee of Accelerator Experts (ComEA) 
- European Committee for Future Accelerators 
- Scientific and Technical Committee of the IRFU/CEA Accelerator Group 
- CTF3/CLIC Collaboration Board 
- EuCARD Governing Board 

 
T. Korhonen 
- Int. Conference on Accelerator and Large Experimental Physics Control Systems 

(ICALEPCS 2009), Program Committee 
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J.A. Patorski  
− Member of the Thermosense Steering Committee; USA , SPIE Defense, Security + 

Sensing 
 
W. Roser 
- Swiss Society for Radiation Biology and Medical Physics, Board Member 
- Comité Electrotechnique Suisse (CES), Member of TC 62 
- Member of IEC Technical Committee 62C, Working Group 1 

 
L. Rivkin 
- CERN Accelerator School, Advisory Committee 
- CERN, CLIC CTF3 Collaboration Board 
- DESY, Machine Advisory Committee (Chairman) 
- Joint Universities Accelerator School, Program Committee 

 
T. Schietinger 
- European Committee for Future Accelerators (ECFA) 

 
J.M. Schippers 
- TRIUMF Accelerator, Advisory Committee 
- Chairman of subcommittee “particle dosimetry” of the Netherlands Commission on 

Radiation Dosimetry 
- Advisory committee on technical developments for proton therapy facilities, IBA, Louvain la 

Neuve, Belgium 
- Advisory committee on the new cyclotron and its commissioning and acceptance of the 

Legnaro National Laboratory of the INFN (Istituto Nationale di Fisica Nucleare), Legnaro, 
Italy 

- Advisory committee on the new 400 MeV/n carbon cyclotron and its commissioning and 
acceptance, at the ARCHADE project, Caen, France 

 
L. Schulz 
- SESAME, Jordan, Technical Advisory Committee 

 
M. Seidel 
- Int. Conferences on Cyclotrons and their Applications: Int. Organizing Committee + 

Program Committee 
- Accelerator Technology Advisory Committee for the Chinese Neutron Spallation Source 

(CSNS) 
- Series ICFA Workshops on High Brightness, High Intensity Hadron Beams, Scientific 

Advisory Committee 
- European Cyclotron Progress Meetings, Scientific Advisory Committee 
- OECD/NEA Int. Workshop on Technology and Components of Accelerator Driven Systems 

(TCADS), Scientific Advisory Committee 
- Swiss Vacuum Society, Member of Managing Board 

 
M. Wohlmuther 
- Program Committee of the International Conference on Neutron Scattering ICNS09, 

subcommittee on Facilities and Source Development 
- Scientific Committee of SATIF 10, Tenth Meeting of the Task-Force on Shielding Aspects of 

Accelerators, Targets and Irradiation Facilities 
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LIST OF PUBLICATIONS 2009 

Logistics 
 
 
Eikenberg, J., Jaeggi, M., Beer, H. Rüthi, M. and Zumsteg, I. (2009)  
Separation techniques for low-level determination of actinides in soil samples.  
Appl. Radiation Isotopes 67, 776-780. 
 
Fabbrizio, A., Schmidt, M., Günther, D. and Eikenberg, J. (2009)  
Experimental determination of Ra mineral / melt partitioning for feldspars and 

226
Ra disequilibrium 

crystallization ages of plagioclase and alkali-feldspar.  
Earth Planet. Sci. Lett. 280, 137 – 148. 
 
Jaeggi, M. and Eikenberg, J. (2009)  
Separation of 

90
Sr from radioactive waste matrices – microwave versus fusion decomposition.  

Appl. Radiation Isotopes 67, 765-769. 
 
Jaeggi, M., Ruethi, M. and Eikenberg, J. (2009)  
Method for Fe-55 and Ni-63 determination by LSC in radioactive waste.  
Radiocarbon (LSC 2008, Advances in Liquid Scintillation Spectrometry, Eds. J. Eikenberg, M. 
Jaeggi, H. Beer and H. Baehrle, 31 – 39. 
 
Schumann, D. Neuhasen, J. Eikenberg, J., Rüthi, M., Kubik, P., Synal, H.-A., Aflimov, V., 
Korschinek, G., Rugel, G. and Faestermann, T. (2009)  
Radiochemical analysis of a copper beam dump irradiated with high-energetic protons. 
Radiochim. Acta 97, 123-131. 
 
Silari, M., Agosteo, S., Beck, P., Bedogni, R., Cale, E., Caresana, M., Domingo, C., Donadille, L., 
Dubourg, N., Esposito, A., Fehrenbacher, G, Fernandez, F., Ferrarini, M., Fiechtner, A., Fuchs, 
A., Garcia, M.J., Golnik, N., Gutermuth, F., Khurana, S., Klages, Th., Latocha, M., Mares, V., 
Mayer, S., Radon, T., Reithmeier, H., Rollet, S., Roos, H., Rühm, W., Sandrim, S., Schardt, D., 
Simmer, G., Spurny, F., Trompier, F., Villa-Grasa, C., Weitzenegger, E., Wiegel, B., Wielunski, M. 
and Wissmann, F.,  
Intercomparison of radiation protection devices in a high-energy stray neutron field. Part III: 
Instrument response,  
Radiation Measurements, Volume 44, pp. 673–691, 2009. 
 
Temiz, U., Gökten, E. and Eikenberg, J. (2009)  
U/Th dating of fissure ridge travertines from the Kisehir region (Central Anatolia Turkey): 
structural relations and implications for the Neotectonic development of the Anatolian block.  
Geodynamica Acta 22, 201 - 213. 
 
Wernli, C.  
Individual Monitoring at Accelerator Centres.  
Radiat. Prot. Dosim. Vol. 137, No. 1-2, 2009. 
 
S. Mayer, H. Rauch, P. Geltenbort, Philipp Schmidt-Wellenburg, P. Allenspach and G. Zsigmond 
New aspects for high intensity neutron beam production.  
Nucl. Instr. and Meth. A 608, (2009) 434-439. 
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CONFERENCE, WORKSHOP AND SEMINAR CONTRIBUTIONS 
 
 
U. Frommherz, J. Raabe, B. Watts, R. Stefani, U. Ellenberger (2009) 
Higher Order Suppressor (HOS) for the PolLux Microspectroscope Beamline 
of the Swiss Light Source SLS 
Proceedings of the SRI international Conference – Melbourne (Australia) – September 2009 





The zero-power research reactor 

PROTEUS (viewed from above), which 

is used for experimental reactor 

physics investigations. 



Paul Scherrer Institut, 5232 Villigen PSI, Switzerland

Tel. +41 (0)56 310 21 11, Fax +41 (0)56 310 21 99
www.psi.ch
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