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The University of New Hampshire (UNH) is developing a Dynamic Nuclear Polarization (DNP) 
system in order to produce polarized targets. Currently, the subsystems that compound the DNP 
system are  as  follows,  i)  the  magnet  subsystem is  able  to  achieve  up  to  7  Tesla  with  the 
superconducting magnet; ii) the helium refrigerator subsystem is able to cool down to 1 K a 
horizontal  fridge.  Furthermore,  the  construction  process  of  a  vertical  fridge  for  the 
superconducting magnet has started; iii) the Nuclear Magnetic Resonance (NMR) subsystem is 
able to read the crystal oscillator signal; and iv) the microwave subsystem will be the next stage 
of the construction process.  Therefore,  the status of the subsystems that compound the DNP 
system at UNH is presented. 
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Starting with…

 Solid state effect Adding microwaves…

Microwaves drive electron-proton 
transitions [2].
Electrons  relax  faster  than  the 
protons to the lower energy state. 
They can be used to polarize other 
protons.
This  approximation  neglect  spin-
spin interaction of the electrons.

Subsystems required 
for DNP

• Helium Refrigerator ~ Low T
• Superconducting Magnet ~ High B
• Microwaves
• Nuclear  Magnetic  Resonance (NMR) 

~ Measure the polarization
• Suitable target material
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proton in a 5 T magnetic field is 213 MHz. Current through the NMR coil drives the

impedance signal, so it is crucial that it be independent of frequency. This is achieved

by using a high impedance amplifier to connect to the phase matching portion of the

circuit.
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Figure 4.7: Diagram of Q Meter circuit showing RF generator, Phase Sensitive De-
tector (PSD), and LCR component with target material inside inductor coil.

The output of the amplifier is split to be sent to a full-wave diode detector for

diagnostic output and to a phase-sensitive detector (PSD), which is a balanced ring

modulator, (BRM) in the case of the Liverpool Q-meter. This device accepts an input

and a reference signal and outputs the input multiplied by the input’s phase, relative

to the reference signal. The input signal comes from the amplified LCR circuit and

the reference from the RF generator. To measure only the real part of the input signal

and thus the real part of LCR impedance, the reference signal must be adjusted so

there is zero phase di↵erence between it and the input signal. This is accomplished

by simply adjusting the length of the phase cable which carries the reference signal.
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4.3, occurs when T
SS

and T
Ze

are equal to the temperature of the lattice, T
L

. The

Zeeman temperatures determine the population of the two bands of spin states, much

like in the solid-e↵ect, while the spin-spin temperature gives the distribution within

the state.
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Figure 4.3: Diagram of equal spin temperature theory, showing the system at thermal
equilibrium (a), “cooling” the spin system to negatively polarize (b), and “heating”
it to positively polarize (c).

In dynamic nuclear polarization, microwaves are used to change the spin-spin

temperature T
SS

, which in turn interacts with the proton Zeeman system T
Zp

[85].

Microwaves of frequency slightly greater or less than that corresponding to the elec-

tron’s Zeeman energy, ⌫
e

, are applied to the target material. For microwave frequency

⌫
e

+ �, energy h(⌫
e

+ �) is absorbed, h⌫
e

by the electron Zeeman system and h� by

the spin-spin system. For � > 0, the spin-spin system absorbs energy, heating T
SS

;

� < 0 causes the system to emit the energy, cooling T
SS

. This cooling can result in a

negative spin temperature T
SS

, which corresponds to a negative polarization. Figure

b) in 4.3 shows the cooling1 of the spin-spin system and c) its heating.

Thermal mixing between the proton Zeeman system and the spin-spin system

1Although we have referred to this “cooling,” the Zeeman energy is still increased at higher
negative temperatures and thus negative polarizations; cooling is rightly defined by the reduction of
the absolute value of the temperature [83].

Abstract  Equal spin temperature theory

a) thermal equilibrium, b) and c) cooling and heating the system 
with microwaves [1] , [2].

interactions of the electron spins cannot be 
ignored..

Zeeman  and  dipole-dipole 
interactions  are  reservoirs 
with different temperatures.

electron spin-spin interaction reservoir. 
electron Zeeman reservoir.
proton Zeeman reservoir.
Latice temperature.
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