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SEOP: Spin exchange with optically 
pumped alkali metal atoms (usually Rb)  

M.A.Bouchiat et 
al., Phys. Rev. 
Lett. 5 (1960) 
373 



Principle of Metastability Exchange 
Optical Pumping (MEOP) in 3He 

3He(↓) + 3He*(↑) → 3He*(↓) + 3He(↑) 
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collisions  efficient transfer 

of nuclear orientation 

  F.D.Colegrove et al., Phys. Rev. 132 (1963) 2561  



Polarized 3He targets in medium energy 
physics at MAMI 

J.Krimmer, M.Distler, W.Heil, 

S.Karpuk, D.Kiselev, Z.Salhi, 

E.W.Otten “A highly polarized 3He 

target for the electron beam at 

MAMI“.  NIM A 611 (2009) 18-24 

Electron scattering 

Photon beam 

J.Krimmer, P.Aguar Bartolomé, 

J.Ahrens, S.Altieri, H.J.Arends, 

W.Heil, S.Karpuk, E.W.Otten,  

P.Pedroni, Z.Salhi, A.Thomas “A 

polarized 3He target for the photon 

beam at MAMI“.  NIM A 648 

(2011) 35-40 
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W.Heil, K.H.Andersen, R.Cywinski, H.Humblot, C.Ritter, T.W.Roberts, 

J.R.Stewart “Large solid-angle polarisation analysis at thermal neutron 

wavelengths using a 3He spin filter“.  NIM A 485 (2002) 551-570 



• Atoms with nuclear spin I (e.g. 3He and 129Xe: I=1/2)‏ 

 

• Alignment‏of‏nuclear‏spins‏through‏optical‏pumping‏→‏magnetization‏M‏ 

 

• Flip‏→‏Precession‏of‏M‏in‏magnetic‏guiding‏field‏B0: 02 BLL
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in NMR experiments: 

T*2 ~ ms 

Clock based on nuclear spin 
precession: „spin-clock“ 



BMSR 2, PTB Berlin 

6 cm 

3He (4 mbar ) 

The 7-layered 

magnetically  

shielded room  

(residual  

field < 2 nT) 

magnetic guiding field  0.4 T 

(Helmholtz-coils) 

0,0 0,2 0,4
-15

-10

-5

0

5

10

15

 

 

B
S

Q
U

ID
 [
p

T
]

time [s]

0 2 4 6 8 10

-12

-8

-4

0

4

8

12

 B
S

Q
U

ID
 [

p
T

]

 time [h]

 

 

T2* = (600.2) h 

Atomic clock SNR > 5000:1 

Free spin-precession time 

C.Gemmel et. al. 

“Ultra-sensitive 

magnetometry based 

on free precession of 

nuclear‏spins“. The 

European Physical 

Journal D 57 (2010) 

303-320 



3He/129Xe Clock-Comparison 
Experiments 

The detection of the free precession of co-located 3He/129Xe 

sample spins can be used as ultra-sensitive probe for  

non-magnetic spin interactions 

 Search for a Lorentz Invariance violating sidereal modulation  

    of the Larmor frequency: 

 

 

 

 Search for spin-dependent short-range interactions: 
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3He/129Xe Co-Magnetometer 
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MRI using hyperpolarized 
noble gases 

M.S.Albert, G.D.Cates, B.Driehuys, W.Happer, 

B.Saam, C.S.Springer Jr & A.Wishnia, Nature 370 

(1994 ) 199-201  

History: 

Magnetic resonance images of the excised lungs and heart of a 

mouse using laser-polarized  129Xe 



● morphological MRI studies 
   (spin density imaging) 
 
● dynamics of lung functioning 
      
   -   diffusion weighted imaging 
 
   -   3He-MRI based 
 measurements of the 
 intrapulmonary oxygen 
 partial pressure 
 
   -    ultra-fast imaging 

Medical applications of spin 
polarized 3He 

 proton - MRI  Helium - MRI  

M.Ebert, T.Großmann, W.Heil, 
E.W.Otten, R.Surkau, M.Leduc, 
P.Bachert, M.V.Knopp, L.R.Schad, 
M.Thelen  “Nuclear magnetic 
resonance imaging with 
hyperpolarised helium-3” 
The Lancet 347 (1996) 1297-1299  



Concept of central production of 
the hyperpolarized 3He 

  Applications in basic and medical research 



3He polarizer in Mainz  I 
SAES  Getter  

B0-field 
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3He polarizer in Mainz  II 

OPC 

Coils Optics 

Buffer cell 

Piston compressor 

Transport vessel Optical Pumping of 3He at 

low‏pressure‏(≤‏1mbar) 

Compression without 

significant polarization 

losses up to 5 bar  
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3He polarizer in Mainz  III 



Sealed-off optical pumping cell 

M.Wolf, Ph.D. thesis, University of Mainz, 2004 

 

M.Batz et al., Journal of Research of the 
National Institute of Standards and 
Technology 110 (2005) 293-298 



Central production: storage and 
transport  I 

Volume:  V  1,1 litre 

Transport pressure:  p = 2.7 bars 

• no surface-coating  
• no time-consuming bake-out procedure 
• high T1-reproducibility after re-use   
 

iron-free aluminosilicate-glass flasks  
( GE-180 ) on special demand from  
Schott Duran Group Mainz 

(Eur. Phys. J. D 38 (2006) 427) 

(Eur. Phys. J. D 38 (2006) 445) 
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  Magnetically shielded 

transport box 
 

|gradB/B| ≤ 10-3/cm   
T1

grad ≥ 400 h (@2.7 bar) 

G. D. Cates, S.R. Schaefer, 

and W. Happer, Phys. Rev. 

A 37, 2877 (1988)  
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Central production: storage and 
transport  II 

S.Hiebel, T.Großmann, D.Kiselev, J.Schmiedeskamp, 

Y.Gusev, W.Heil, S.Karpuk, J.Krimmer, E.W.Otten, 

Z.Salhi “Magnetized boxes for housing polarized 

spins in homogeneous fields“. Journal of Magnetic 

Resonance 204 (2010) 37-49 



 Hyperpolarized 3He administration 

- volume-control:  

                  V/V= 3% 

 

-  gas administration 

    at predefined times 

    during inspiration 

 

- use of gas mixtures 

  (3He, 129Xe)  

 

- gas recovery !!! 

  (shortage of 3He ) 

  



3He recycling unit  

H2O N2 

O2 

Ar 

CO2 

H2 

Ne 

recovery 

efficiency:  95% 
 

gas purity:  ppm 

³He 

77 K 77 K 77 K 8 K 

Scroll- 

pump 

3He +Air 

Z.Salhi, T.Großmann, M.Gueldner, W.Heil, 

S.Karpuk, E.W.Otten, D.Rudersdorf, 

R.Surkau, U.Wolf „Recycling of 3He from 

lung magnetic resonance imaging“. 

Magnetic Resonance in Medicine  

Article first published online: 29 AUG 2011 

DOI: 10.1002/mrm.23154 



Problems caused by the shortage 
of 3He 



Research & Training Network (RTN) 

Marie Curie Actions 

FP 6 (2007-2011) 

Gas delivery 

 100 shipments/year @ 500 barliters 



The compact polarizer 

dimensions 

length  3 m 

width  0.9 m 

  height  1.8 m 



Polarized 3He+ Ions  I 

“The gas polarization in the optical pumping cell was measured by means of an optical technique to be 

0.05±0.01, which, within experimental error, is the measured value of the ion polarization. This substantiates 

…expectation that ionization exchange collisions do, in fact, bring the ion polarization into equilibrium with 

the ground-state atom polarization before extraction.”   



Polarized 3He+ Ions  II 



Summary 

  Concept of central production of the 
hyperpolarized 3He: 
3He production facility, storage and 
transport, gas administration, 3He recovery 
 

 Applications of hyperpolarized 3He in 
different fields of physics and applied 
science  


