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Elastic form factors of the neutron 
Among the reasons they are important, 
 

Å A fundamental property of the neutron 
 

Å Provides information on the charge density inside neutron 
 

Å Tests models of neutron structure  
 

Å Provides critical constraints on generalized parton distributions (GPDõs) 

in fm, 1 fm = 10 -15 m 2/42  



Ã Neutron mean lifetime is just under 15 mins.  
 

Ã
3He nucleus has two protons whose spins are paired, and a single 

neutron that accounts for most of the nuclear spin. 
 

Ã So, 3He is an effective polarized neutron target. 

 

Neutron Target 
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Effective Luminosity 

measured e He physicalA P P A=

In a double-spin asymmetry experiment 

Relative error of Asymmetry is given by, 

1physical

physical e He

A

A NP P

d
=

N Lt´

2

2

1physical

physical He

A

A LP

då õ
´æ öæ ö

ç ÷
Effective Luminosity 

4/42  

[He]beamL I l=



The performance of polarized 3He targets has  

increased by roughly a factor of 30 since SLAC E142 

Experiment at 

SLAC (1993) 

╖╔
▪ experiment (2005) 

═▪  ?? 
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3He target cell 

Pumping Chamber 

40cm long Target Chamber 

Transfer Tube 

230 oC 

10atm of 3He, N2 

and some Rb/K 
Circularly 

polarized Laser 

Holding Field 
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High Luminosity Polarized 3He Targets For Electron 

Scattering Experiments 

ÅConvection based Cells 

ÅTargets with metal target windows 

ÅTechniques 



Spin Exchange Optical Pumping 

Ã Use Spin Exchange Optical Pumping (SEOP) method to polarize 

the target. 

1. an alkali-metal vapor is polarized by optical pumping using lasers. 

2. the polarized alkali-metal atoms transfer spins to 3He atoms. 
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Adiabatic Fast Passage (AFP) 
Main field coils 

RF Coils 

Pickup coils 

In rotating coordinates 
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Adiabatic Fast Passage (AFP) 
Main field coils 

RF Coils 

Pickup coils 

In rotating coordinates 
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Ã Net magnetization follows effective magnetic field. 
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AFP Signal 
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Pulse NMR 

Ã Radio frequency energy is applied in the form of a 

short pulse on resonance which tips 3He spins and 

make them precess around holding field. 
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Pulse NMR Signal 

Initial amplitude is taken as a 

measure of polarization 
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Spin Up Curve 

Polarization measured as a function of time, while cell is pumped up. 

Cell Antoinette 

Polarization 
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De-polarization  or Spin Relaxation  

Ã Dipolar Relaxation 

 

 

Ã Static magnetic field inhomogeneity 

 

 

 

Ã Wall Relaxation 

Sources of 3He spin relaxation  
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Spin Down Curve 

Polarization vs. time as spins relax. 

 

Spin down measurement is used to determine life time of a cell. 

1.exp( / )a t T-

1

1

T
G=

Cell Antoinette 

Polarization 
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Electron Paramagnetic Resonance (EPR) 

Ã Rb/K Zeeman splitting is proportional to the size of 

the field. 

 

Ã Alkali metal atoms experience a small òeffectiveó 

þeld due to the presence of polarized 3He gas. 

 

Ã We can isolate this field due to the 3He gas by 

flipping the 3He spins. 
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Electron Paramagnetic Resonance (EPR) 

[ ]P HeuD ´
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Adapted from P.A.M. Dolph et al.,2011 



High Luminosity Polarized 3He Targets For Electron 

Scattering Experiments 

ÅConvection based Cells 

ÅTargets with metal target windows 

ÅTechniques 



Diffusion based Cell 

Historically used single transfer tube. 

Difficult to maintain as beam current increases. 

Results in lower target chamber in-beam polarization. 

Since PC & TC are close to each other ð risk for radiation damage. 
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Convection Cell 

Cell Protovec II 
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Convection Cell 

Cell Protovec II 

Convection Heater 
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Protovec II Results 
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Protovec II Results 
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Counts 

9.635 MHz 

9.558 MHz 

EPR calibration shows a ~ 80% saturated 3He Polarization 



Convection-driven gas-flow test 

Cell Protovec II 

Convection Heater 

Zapper Coil 

NMR coils 

1 2 3 4 
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Cell Protovec II 

Convection 

Heater 
Zapper Coil 

NMR coils 

1 2 3 4 

Ã Heater drives convection 

Ã Zapper coil depolarizes slug of gas 

Ã Coils #1 - #4 monitor passage of depolarized slug. 

Ã Heater temperature can be changed to adjust speed of gas. 

Convection-driven gas-flow test 
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Zapper Coil 

The data indicate a gas ÿow velocity up to 80 cm/min. 

Unheated transfer tube was at 24 ǓC. 

dtc for the diffusion based cell      0.72 h-1 

 

dtc for the convection based cell   4.9 - 81 h-1 

Convection-driven gas-flow test 

25/42  

Adapted from P. A. M. Dolph  et al., Phys. Rev. C 84, 065201 (2011). 



Convection drives polarization gradient to zero. 

Ratio of polarizations of the target chamber to the pumping chamber 

quickly reaches unity with convection driven gas circulation. 

Adapted from P.A.M. Dolph et al.,2011 
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High Luminosity Polarized 3He Targets For Electron 

Scattering Experiments 

ÅConvection based Cells 

ÅTargets with metal target windows 

ÅTechniques 



Polarized 3He Target 

Pumping Chamber 

(where 3He is polarized) 

Target Chamber 

Transfer Tubes 

Electron beam passes through target chamber 

~10 atm at 235 oC 

Cell Protovec II 
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Polarized 3He Target 

Pumping Chamber 

(where 3He is polarized) 

Target Chamber 

Transfer Tubes 

Electron beam passes through target chamber 

~10 atm at 235 oC 

Metal End Windows Metal End Windows 

Cell Protovec II 
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Numbers on Gold from the literature look encouraging 

for making metal end windows.  

” - Surface relaxivity 

A - Area 

V ð Total Volume 

Wall Relaxation Rate 

11/ /wallT A Vr=
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Preparation of Pyrex-Copper-Pyrex tubes 

Larson Glass-Metal Seals 

Housekeeper Seals 
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