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The g2p experiment utilized a frozen ammonia proton target to 
explore the spin structure function of the proton in the low 
momentum transfer region. Dynamic nuclear polarization (DNP) 
was used to polarize the target in both a 2.5 and 5T target field 
setting, while a vacuum sealed rotatable target chamber was needed 
to allow for  quick and simple field rotations to measure the proton 
form factor.

At thermal equilibrium in a LHe bath at 1K the polarization of a 
material can be expressed using Boltzmann statistics as

                    =0.25% for the proton at 2.5T. 

e-P spin coupling is then exploited using a microwave RF generator 
to drive proton spins into the desired state (green arrow).

The electron relaxation time (purple arrow) is on the order of 
milliseconds while proton relaxation time is tens of minutes, this 
allows the electron to couple to a new proton and increase proton 
polarization over time. The polarization can then be measured using 
nuclear magnetic resonance.

Nuclear Magnetic Resonance 

● Rotatable target chamber allowing easy field rotation between 0 
degrees, 6 degrees, and 90 degrees.

● Removable target insert allowed for material changes and 
NMR/microwave system changes between field settings.

● NH3 target materal (right) was 
pre-irradiated at the NIST
10MeV linac, then tested at 
the UVa target lab before being
brought to JLab for use.

RF generator
LRC circuit
“Q-Meter”

Sweeps out an RF 
signal at the resonant 
frequency of the 
proton.

Q-meter in series 
with an NMR coil 
in the target 
material to measure 
impedance.

NMR coil impedance 
vs. frequency, the 
integrated area is 
proportional to 
polarization.
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Polarization decay over time. When the polarization gets below a 
certain threshold an anneal is done.

Material temperature during anneal. The material is heated to 
remove excess centers that the electron cannot pair with during 
microwave transitions.

Average offline polarization at 2.5T was approximately 30% 
and at 5T was approximately 70%.
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