
-metal  
shield 

1010 steel 
flux return 

10 Gauss 
solenoid 

RF spin 
rotator 

3He target / 
ion chamber 

supermirror 
bender polarizer 

(transverse) 

FnPB cold 
neutron guide 

3He Beam 
Monitor 

transition field 
(not shown) 

FNPB n-3He 

n3He Experimental Setup 

~ 3 m 

• longitudinal holding field – suppressed PC asymmetry 

• RF spin flipper – negligible spin-dependent neutron velocity 

• 3He ion chamber – both target and detector 
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n3He Principle of Measurement 
Measure the asymmetry in the number of forward going protons in a 3He 

wire chamber as a function of neutron spin: 

 wire chamber is both target and    

  detector 

 

 wires run vertical or horizontal 

Directional PV asymmetry in the number of tritons  

Directional  PV asymmetry in the number of protons  

(much larger track length) 
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n+3He3H+p+765 keV 

Tn k




pn k






Design Criteria For the Chamber 

 Chamber mostly filled with Helium 3 

 Want to let protons range out 

 Proton range  rp~5.5 cm 

 Neutron mfp should be <  rp / 2 

 Optimal wavelength range > 4.7 A 

 Will have 6.5 x 1010 n/s 

Optimal  
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The asymmetry is a result of partial wave mixing due to a weak 

interaction perturbation: 

 

 

 

 

 

 

The important part here is the angular correlation between initial neutron 

spin and final particle momentum. 

 

The proton and triton tracks both contribute to the signal: 

 

 

 

With energy deposition:                      and 
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n3He Asymetry 
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n3He Asymmetry 

The triton deposits about a third  

of the energy of the proton: 

 

 

 

 

Proton and triton are emitted 

Back-to-back: 

 

 

 

So the experimental asymmetry is: 
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• Determine energy depostion using 
MC simulations 

tritons 
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protons 
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Statistical Error and Dilution  
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Then the error on the asymmetry is  
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Determine efficiency and 

wavelength from simulations: 
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Statistical error based on neutron counting statistics and dilution factor. 

 

Based on measured flux, we can  

get  

 

  1.5  1010 n/s  

 

per pulse on target. 

 

We need two pulses to calculate 

the asymmetry.  

 

So for a 5000 hr (208 days) run, the measurement error is  

Statistical Error and Dilution  

8

16PV 1071
1057960

6
A 


 .

..




Theoretical n3He Asymmetry  
• Full four-body calculation of strong scattering wave functions 
• Using AV18 potential   
• Evaluation of the weak couplings based on available nuclear and few body 
 
 
 
 
 
 
 
 
So with this size we would achieve 
a 20% measurement in 116 days of  
running 

7Hen
p 10151thA

3  ..)(,


M. Viviani, R. Schiavilla,  
Phys. Rev. C. 82 044001 (2010) 

L. Girlanda et al.  
Phys. Rev. Lett. 105 232502 (2010) 

Weak 
Couplings 

From data (Ap
Z) n3He tp 

(AV18) 

a
1 h

1=-0.46 -0.189 

a
0 h

0=-43 -0.036 

a
1 h

1= 0 0.019 

a
2 h

2= 37 -0.0006 

a
0 h

0= 14 -0.0334 

a
1 h

1= 0 0.0413 
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Systematic Effects 

The biggest advantage in this measurement is the low background and few 

systematic effects. 

 

Only need to consider correlations that involve terms linear in neutron spin: 




