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Concept of a spin filter Concept of a spin filter ––
 

polarized protonspolarized protons

unpolarized
neutron beam

polarized
neutron beam

polarised
protons

Spin dependent nuclear interactionSpin dependent nuclear interaction

polarized protonspolarized protons

 

::

 

spin dependent spin dependent scatteringscattering
difference between triplet & singlet scattering

effctiveeffctive

 

cross sectioncross section

 

::

Polarized protons are the ultimate broadPolarized protons are the ultimate broad--band spin filterband spin filter
[Lushikov, Taran, Shapiro, Sov. J. Nucl.

 

Phys. 10 (1970) 699]
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Polarization Cross Section Polarization Cross Section 
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Opaque spin filters / AOpaque spin filters / A--power / Transmissionpower / Transmission
[Zimmer, Müller, Hautle, Heil, Humblot, Phys. Lett. B 455 (1999) 62]
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Chamberlain, Berkley 1962

Historical Historical remarksremarks
1953

 

OverhauserOverhauser
nuclear

 

polarization

 

via polarization

 

of conduction

 
electrons

 

in metals (theory)

1958

 

AbragamAbragam

 

and and ProctorProctor
first

 

experimental DNP in dielectrics

 

(LiF)

1962

 

AbragamAbragam

 

BorghiniBorghini

 

et al.
polarized

 

proton

 

target

 

for

 

low

 

energy

 

particle

 

beam

 
(polarised!)(0.12 cm slab

 

LMN, 2 mg, P = 20%)

1963

 

ChamberlainChamberlain
polarized

 

proton

 

target

 

for

 

high energy

 

particle

 

beam
(1 inch

 

cube

 

LMN, 26 g, P = 20%)

1971  PSI (SIN) …

 

Salvatore Mango Chamberlain, Berkley 1962

Since

 

then: more than 70 particle physics experiment  on pion, proton, neutron beams
with polarized targets designed and constructed in our lab
polarised

 

nuclei: p, d, 6Li, 7Li, 10B, 13C, 15N, 19F, 27Al, 139La, …

more than 20 neutron scattering experiment with polarized targets

developed

 

dissolution

 

DNP („Hyperpolarization”) for NMR / MRI

DNP with

 

photo-excited

 

triplet

 

states

DNP @ PSIDNP @ PSI
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Dynamic Nuclear Polarization (DNP)Dynamic Nuclear Polarization (DNP)

polarization transfer from electron spins to surrounding nuclei polarization transfer from electron spins to surrounding nuclei 
via dipolar coupling

through microwave irradiation (driving mutual spin flips)

electron spinelectron spin nuclear spinnuclear spin

dipolar coupling

microwave irradiation

polarization transferpolarization transfer

paramagnetic centers, e.g. radicalsparamagnetic centers, e.g. radicals

prerequisite for “classical”

 

DNP:

high magnetic fields     high magnetic fields     (typically 2.5 –

 

5 Tesla) 

low temperature    low temperature    (typically around 1 K)
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Components of a Components of a 
classicalclassical

DNP systemDNP system

NMR
system

microwave
system

cryogenics

magnet
system

target
material

polarization
registration

T ~ 0.1 –

 

1 K

H = 2.5 –

 

5 T

ƒ

 

~ 70 -

 

140 GHz

ƒNMR

 

= 150 MHz

alcohol, plastic, 
chemically doped 
with free radicals or
paramagnetic complexes
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Classical DNP systemClassical DNP system

SANS I @ SINQ, PSI
1 K 4He cryostat
(~ 50 l LHe per day) 

1000 m3/ h + 250 m3/ h
roots blower pumping system

2.5 / 3.5 T magnet system

This is a compact system !!
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an an ““exoticexotic””
 

DNP mechanism DNP mechanism ……

create electron polarization with laser lightcreate electron polarization with laser light
which can be used for DNPwhich can be used for DNP

““classicalclassical””

 

DNPDNP: electron polarization created thermally

high magnetic field   high magnetic field   (typically 2.5 –

 

5 Tesla) 

low temperature          low temperature          (typically around 1 K)
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unit cell of pure 
naphthalene (C22

 

H14

 

) unit cell when a pentacene molecule (C22

 

H14

 

) has taken the 
position of two naphthalene molecules

large single crystal grown using a 
selective self-seeding Bridgman 

technique

Pentacene conc ~ 105

 

mol/mol

sample size: 5 ´

 

5 ´

 

5 mm3

mounted on KelF holder

NaphthaleneNaphthalene
 

––
 

PentacenePentacene
 

CrystalsCrystals
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Laser system + optical fiber

 

YAG/OPO (600 nm) /  disk laser (515 nm)

Harware for triplet state DNP Harware for triplet state DNP & neutron experiments& neutron experiments

typically operated at T

 



 

100 K,  ~ 100 l LHe / week
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90% transparency for neutrons
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(home built, design by J.J. van der Klink, EPFL)

combines

 

pulse EPR with pulse DNP capabilities 
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Multipurpose laser setup: YAG/OPO + Multipurpose laser setup: YAG/OPO + Disk LaserDisk Laser

1:   IR disk laser

 

(1030 nm, 50 W,  < 10 kHz, < 500 ns pulses), 
2:   LBO

 

crystal for SHG to 515 nm with > 20 % efficiency  => 1.2 mJ at end of fiber 
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DNP via ISEDNP via ISE
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Test of Principle Test of Principle --
 

Experimental SchemeExperimental Scheme

perform

 

a testtest

 

ofof

 

principleprinciple

 

for

 

a triplet

 

spin

 

filter

prove the spin filter effect

measure the polarization cross section polarization cross section 

use

 

the
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to
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thethe

 

targettarget

 

performanceperformance

 

(DNP, relaxation

 

etc..)

long term stability of system under adverse conditions
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Set Set upup
 

on on neutronneutron
 

beamlinebeamline
 

II

BOA beamline @ SINQ (PSI), flux ~ 2 ´
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/cm2

 

s



P. Hautle, Triplet DNP Spin Filter, PSI February 2013

pulse ESR / DNP system 
9 GHz
Pulse NMR system

Cryostat T ~ 100 K

Neutron beam

Magnet, 0.3 T (max 
0.6 T)

Caliper for sample 
positioning

Neutron detector

Fiber coupled laser 
light @ 600 nm

Target Crystal

Set Set upup
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Sample Sample positioningpositioning

Pentacene conc. = 2.0 ± 0.1 ´

 

105

 

mol/mol

LaserLaser

B

 

field

ˆb z

ˆX x

neutron beam

4.65 ´

 

5.6 ´

 

5.36 mm3



P. Hautle, Triplet DNP Spin Filter, PSI February 2013

wavelength [Å]
1 2 3 4 5 6

 P
 (

) [
  

10
2

4  c
m

2 ]

20

30

40

50

60

70

average over wavelength spectrum 

P = 50.71  1024 cm2

Neutron measurements Neutron measurements ––
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Triplet spin filter Triplet spin filter ––
 

proof of principleproof of principle

Martin Haag, PhD Thesis, ETHZ December 2012
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development of focusing neutron guidesfocusing neutron guides

 

(elliptic, parabolic)

integration of small triplet spin filter 
into a focusing guide system close to focus

large gains in neutron fluxlarge gains in neutron flux

 

possible

focal pointparabolic guides

Spin FilterSpin Filter

Triplet Triplet spinspin
 

filter + filter + neutronneutron
 

opticsoptics

neutrons neutrons

Primary polarizer set up: proof of principle experiment at PSI / BOA July 2012: proof of principle experiment at PSI / BOA July 2012

25 ´

 

25 mm2 20 ´

 

20 mm23 ´

 

4 mm2

polarizedpolarizedunpolarizedunpolarized
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Triplet Triplet spinspin
 

filter + filter + neutronneutron
 

opticsoptics

July 2012, BOA @ SINQ, PSI
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DNP results with disk laser & pentaceneDNP results with disk laser & pentacene--dd1414

[T.R. Eichhorn et al., Chem Phys Lett 555 (2013) 296]
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Output of BOA beam timesOutput of BOA beam times

3 weeks in June 2011
proof of principle of triplet spin filter
M. Haag et al, NIM A 678 (2012) 91
PhD Thesis Martin Haag 

3 weeks in July 2012
first experiment of focus / defocus concept with spin filter
E. Rantsiou et al., NIM A, in preparation for NOP-2013 
so far highest polarization P ~ 0.5 achieved with triplet DNP 
system
T.R. Eichhorn et al, Chem Phys Lett 555 (2013) 296 
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Outlook & Planning for SF itselfOutlook & Planning for SF itself

improve filter performance
higher polarization
=> better cooling, new liquid Argon cryostat
increase sample lenght (~10 mm) 

simplify spin filter
reduce the technical complexity and „footprint“
=> permanent magnet, simple cryostat
study optimum integration into focusing optics

fundamental investigations
optimize ISE polarization process
fully understand optical excitation 



P. Hautle, Triplet DNP Spin Filter, PSI February 2013

Experiment Experiment planningplanning
 

/ / requirementsrequirements

Goal of next Spin Filter experiments
1.

 

provide

 

conclusive

 

proof

 

of

 

the

 

focus

 

/ defocus

 

principle
2.

 

demonstrate

 

an efficient

 

primary

 

polarizer

 

for

 

large beam area
3.

 

demonstrate

 

polarization

 

analysis

 

with

 

reference

 

scatterer
SANS on CuNiFe

 

alloy

Prerequisites
1.

 

spin

 

flipper
housing

 

has

 

been

 

rebuildt, needs

 

to

 

be

 

tuned

 

and

 

integrated

2.

 

saphire

 

cyrstals

 

for

 

background

 

reduction
3.

 

2D detector

 

for

 

SANS
4.

 

LN cooled

 

Be

 

filter

 

for

 

SANS
cut

 

spectrum

 

below

 

4 A, checked

 

at

 

SANS I

Beam time request
1.

 

spin

 

filter

 

experiment

 

:   1 full

 

block ( = 4 weeks) 
2.

 

general

 

preparation

 

:   1 week

 

at

 

start

 

of

 

SINQ (Flipper, SANS test)
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