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Stern-Gerlach
Scattering from magnetic crystals
Spin filters: (3He)

Setting the Stage
Polarisation: control of the spin-state populations in an ensemble of particles
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Polarization



Polarisation has been a crucial variable:

  in neutron scattering: materials and magnetism

  in neutron atomic physics: EDM, magnetic moment

 in neutron decay: correlations and the structure of weak int.

 

 in neutron nuclear physics: nuclear forces, nucleon structure



Workshop on Polarized 3He Beams and Targets at PRINCETON (1984) (AIP Conf. Proc. 131)

1. T. B. Clegg  - An electron-cyclotron-resonance ionizer for 3He  
2. Barry R. Holstein - Possible weak interaction experiments with polarized 3He  
3. R. W. Dunford and S. Oh - Comparison of polarized 3He ion sources 
4. R. G. Milner - Spin structure of neutron 
5. J. D. Brown - Review of polarized 3He induced reaction studies at Birmingham  
6. C. Rioux, R. Roy, and R. J. Slobodrian - Nuclear physics program with polarized 3He beam  
7. D. P. May and S. D. Baker  - The polarized 3He beam on the Texas A&M cyclotron  
8. S. Roman - Some aspects of polarized 3He interactions  
9. R. W. Dunford and T. E. Chupp - Discussion of polarized targets  
10. J. G. Alessi and K. Prelec  - A high efficiency ionizer using a hollow cathode discharge plasma  
11. Aron M. Bernstein - Experiments with polarized electrons and 3He nuclei  
12. Keith DeConde, Stephen A. Langer, and D. L. Stein  - To polarize liquid 3He by spin transfer  
13. J. Dupont-Roc, M. Leduc, and P. J. Nacher - Low temperature techniques
14. J. M. Daniels  - Polarzied 3He targets  
15. R. T. Kouzes - The Princeton Cyclotron QDDD spectrograph system  
16. R. J. Slobodrian, C. Rioux, J. Giroux, and R. Roy  - Polarized He ion source based 
17. D. E. Murnick and Ping Mei - Proposed optical pumping of a metastable beam of 3He  
18. F. Laloë, P. J. Nacher, M. Leduc, and L. D. Schearer - Polarization in 3He by laser optical pumping  
19. A. D. Krisch  - Polarized proton acceleration at the AGS  
20. Saewoong Oh -Axial injection of polarized 3He ions
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DISCUSSION OF POLARIZED TARGETS 
R.W. Dunford and T. E. Chupp 

Joseph Henry Laboratories 
Princeton University 

Princeton, N.J. 08544 
Discussion periods on the subject of polarized targets took 

place on Tuesday afternoon, October 23, 2004, and Wednesday morning 
October 24, 2004. The discussions focused on the problem of developing 

polarized 3He targets for electron scattering experiments1,2.  The 
reaulrements are for highly polarized targets wlth densities of 
1019 cm-3 to be used for external beamlines and also internal 
targets with densities of 1016 cm -3 for use in storage rings. 

These targets would be required to have thin entrance and exit 
windows. In the case of the Internal targets the windows need 

to be less than 20 µg/cm 2. The external targets would be 
subjected to beam currents in the range of 20-50 µA while the 

internal targets would be subjected to currents of up to 50 mA. 
The beam energies would be from 1 to 20 Gev. 

One possibility for these targets is the technique described at 
the workshop by J. Dupont-Roc. This involved the use of a 

double cell. One cell was at a pressure of 0.3 to 0.5 torr which is 
optimum for polarization of the gas by optical pumping. The 

other cell was coupled to the first by a long tube and cooled to 
low temperature so that the gas density was about 1018 cm-3. 

In this way, a dense gas with a polarization of greater than 60% 
was achieved. It was thought that an increase in density to 
1019 cm-3 could be achieved with an improved apparatus. 

Another possibility for obtaining the required targets would be 
an improved version of the technique described by Jim Daniels 

whereby compression of polarized 3He gas to a pressure of  l 
atmosphere was achieved using a mercury Toeppler pump. 

An important question was raised concerning the problem of 
the interaction of the electron beam and the target. The 

lonizatlon of the gas by the beam might lead to substantial 
depolarization particularly through the formation of He2

+ 
molecular ions2. Will Happer suggested another polarization 
scheme which would take advantage of the fact that a large 

number of ions were present. The idea is to put a small 
amount of an alkali such as rubidium into the target and 

polarize the alkali by optical pumping. Polarization would 
quickly be transferred to the helium ions by spin exchange 

collisions and to the SHe nucleii by the hyperfine interaction. It 

was suggested that it would be easy to test this scheme using 
standard optical pumping cells by adding an alpha source or 

tritium gas to the cell to produce ions. 
REFERENCES 

I. A. M. Bernstein, contribution to these proceedings. 
2. R. G. Milner, contribution to these proceedings. 

Notes:
1. Daniels and Dupont-Roc present
         MEOP + compression

2. No SEOP discussion
    Happer: polarization times too slow
    (following work of Bouchiat, Carver, Varnum)



Will Happer 

wrote the “Book” on Optical Pumping

Art MacDonald
 

New Princeton Professor - suggested 21Ne polarization



21Ne polarization by Spin Exchange Optical Pumping:

Fill cells with Rb, gases (Happer is an expert glass blower)
N2 supresses radiation trapping

Dye laser (LD700 pumped by Krypton-ion laser)

NMR to measure 21Ne polarization



N2 “solves radiation trapping problem” - high [Rb] possible - 3He?



Paul Sokol at Harvard told me about neutron polarization -  neutron 
scatterers expected high density (solid/liquid) samples

Why not a gas?



It wasn’t Easy
P3=PRb  

_____________kSE[Rb]
kSE[Rb]+Γ3

rate (1/many hours)
relaxation (contaminants)

Cells with >1 bar 3He were filled and sealed under liquid nitrogen.
Possible cryopuming of residual gas - O2.



Kevin Coulter’s PhD at Los Alamos



Michèle Leduc

198? - Francis contacts Ecole-normal group (Leduc, Tastevin, Nacher)

Michèle invited Francis and me to Paris to meet in her office.



Francis LOVED Paris

Restaurants, museums, CONCERTS



And then on to Grenoble

By the time I departed - we were friends for life
AND

We agreed to do a “test” on D3
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“hot” neutrons CoFe
0.84 Å

x
Meisner shield

x
x .
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transmission
detector

Ti-Sapphire Laser (Jean Paul Pique)
Ar++ laser rented from SpectraPhysics

The Idea

Cells from Harvard



The Team

Francis, J.P. Pique, M. Ziade, E. Wasserman, A. Thompson, TC



The Team at Work

Mustafha, Alan, Francis, Axel Steinhof



The Team at Work

Is it working?



10 % maximum 3He polarization (due to 2.3 hr cell lifetime)



12 cm

3He spin filter at Los Alamos

GE-180 Glass
(boron free)



3He Spin Filter
Spin Flipper Detector (48 CsI Array)

n+p ___> d + γ (LANSCE & SNS)



The Team at Work

“A friend of mine is shedding some light on the neutron beam.”
F. Tasset



The Team at Work

How it’s really done.



Ti-sapphire laser



The Team after Work at Jasse des Fees




