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DNP system at UT
Modify ORNL DNP apparatus provided by Josh 
Pierce for operation at UT:

1. New insert design (Taylor M.E. undergrad)

2. Attempt to reach lower operation 
temperatures (collaborative effort)

• Demonstrate and maximize polarization in a 
variety of nuclei and proteins

• Detailed measurements of nuclear spin-
relaxation times at ultra-low temperatures

• Demonstration and characterization of 
negative tensor polarization using AFP
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C. Keith’s ideas



Current Status: Dilution fridge cool down to 
31.8 milli-Kelvin!

• The goal is to reach 10mK

• What may have stopped us 
from achieving a lower 
temperature:
— Compressor has low helium 

pressure.

— Did not have liquid nitrogen for 
nitrogen trap.

— Openings of heat shields were 
not closed.
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Next steps

• Attempt lower temperature cool down 
after resolving technical issues; test 
cooling power

• Assemble magnet and target volume

• Build and implement target insert 
once designed

5



Boltzmann distribution
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𝑃 = 𝑐𝑐𝑎𝑙 ∗ 𝐴𝑟𝑒𝑎 vs P =
𝑟2−1

𝑟2+𝑟+1

Deuterated propanediol (C3D8O2) 

data from C. Keith and J. Pierce 

during FROST experiment



r parameter for each bond, low polarization

7

Polarization from OD: -16.76%

Polarization from CD: -30.94%Code for fits from J. Maxwell: 

https://github.com/jdmax/NMR_Analysis/tree/master 

Polarization: -30.84%



r parameter for each bond, high polarization
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Polarization: -90.78%
Polarization from OD: -89.76%

Polarization from CD: -90.87%



Track polarization (r) and area over time
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Fitting for calibration constant
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Calibration constant: -4.48 Calibration constant: -1.7



Comparing polarization from both methods
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Polarization from area: -88.49%

Polarization from r: -90.29%

Polarization from area: -98.66%

Polarization from r: -87.32%



Polarization from area vs r parameter
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Tensor polarization
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Boltzmann Distribution
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Conclusion

1. Polarized target group at UT
1. Achieved 31.8mK!

2. Adapt DNP apparatus for application in crystallography and nuclear physics 
experiments across multiple facilities

2. NMR analysis of deuterated propanediol
1. Linear relationship between area and asymmetry parameter methods

2. Quadratic relationship between tensor and vector polarization

3. Both results support Boltzmann distribution for spin states at high polarization
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Back up slides
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Vector polarization

• The paper investigated 
deuterated butanol, C4D9OD.

• We want to analyze deuterated 
propanediol, C3D8O2
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Clean fit for deuterated ammonia (ND3)
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https://github.com/jdmax/NMR_Analysis



LMFIT and scipy.optimize packages

• Non-linear Least-squares Minimization and Curve-Fitting for Python 
(LMFIT) builds on and expands on many of the optimization methods 
of scipy.optimize. 

• Scipy.optimize rovides functions to minimize, or maximize, objective 
functions. Including olvers for non-linear problems (with support for 
local and global optimization), linear programming, constrained and 
non-linear least squares, root finding, and curve fitting. 

• LMFIT builds on this with the creation of Parameter objects, a Model 
class, allowing for quick change of optimization method, and improved 
confidence intervals. 
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(13) Parameters from paper

• 𝑤𝑑 - Larmor frequency, in this case deuteron. 30.7MHz/T

•  𝜂 - filling factor of coil

• 𝒦 - contains all unknown frequency-dependent gains in the Q-meter; found from TE calibration.

• 𝑤𝑞 - quadruple interaction. ℏ𝑤𝑞 = 𝑒𝑞 ∗ 𝑒𝑄/8

• R - dimensionless parameter 𝑅 =
𝑤−𝑤𝑑

3𝑤𝑞

• r - asymmetry parameter  𝑟 = 𝑒𝛽ℏ𝑤𝑑 , 𝛽 =
1

𝐾𝐵𝑇

• 𝑎0−3 -  fitting coefficients for 3rd order polynomial of signal wings

• 𝜉 - false asymmetry from q-meter distortions

• ℒ - constant gain factor of q-meter

• 𝜎 = 3𝑤𝑞𝐴 – dipolar broadening

• K - relative amount of O-D bonds to C-D bonds
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Parameters in the code

• w – not a parameter, it is the frequency 

• A– width of dipolar broadening

• G – scaling parameter

• r – asymmetry parameter 

• 𝑤𝑞 - quadruple interaction

• 𝑤𝐿 - Larmor frequency

• eta (𝜂)– peak width factor

• xi (𝜉)- false asymmetry 
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*Deuterated 

propanediol, 

C3D8O2 *



Fitting Function and bonds

• FitFunc describes the NMR signal for a single bond.

• The parameters labeled with “subscript” 1 are those related to the 
oxygen and deuteron bond. Those with subscript 2 are those related 
to the carbon and deuteron bond.

• Looking at the propanediol molecule, there are more carbon bonds 
and is therefore the stronger signal.

• The parameter K takes care of scaling the signals. K=.25
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Fitting signal only one bond
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Fitting signal two bonds
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Clean low polarization fit
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High polarization
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K = .25
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Polarization v Time
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Having ”good” fits, we can track polarization over time



Area v Time (every 10 signals)
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Polarization (%) v Area
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Linear fit of polarization vs area
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• This tells us that 

Boltzmann distribution 

appears to hold even at 

high vector polarization. 

• However, we want to test 

each individual bond of 

propanediol.
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