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Dynamic nuclear polarization (DNP)

Prepare a nucleon target with unpaired
electrons

hv = B(8.M, + 8 M)

Place target in a strong magnetic field

(e.g., 5T)

Cool to cryogenic temperatures (~1K); For 5 T magnet, v = 140 GHz (A = 2.14 mm >
~99.8% of unpaired electrons are millimeter waves)

polarized

Irradiate with microwaves to induce
electron-to-nucleon spin transfer (the
solid effect)



DNP target system

Need suitable material for the target
cups:

Transparent to mm-waves

Good cryogenic properties

No proton NMR signal

Target ladder
w/ cups

Kel-F (PCTFE) has all of these properties.

DNP system

(Image courtesy of UNH MNuclear Physics Group)



3D-printing with Kel-F

Why 3D -printing?
Rapid prototyping
Complex geometries
Minimal waste
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Why 3D -printing?
Rapid prototyping
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Minimal waste

Kel-F rod

Motor control .
Stepper motor

PID controller

Aluminum
heat sink

Stainless steel heat
break

Band heater &
aluminum die

Kel-F
filament Cooling fan

“Filatizer” for making Kel-F printer filament.




3D-printing with Kel-F

Why 3D -printing?
Rapid prototyping o el rod
Complex geometries
Minimal waste

Stepper motor

PID controller

Aluminum
heat sink

Kel-F challenges:
Thermally unstable
Highly viscous S
Self-lubricating T
HCI and HF decomposition flament ..:m..ngf,n

Stainless steel heat
break

“Filatizer” for making Kel-F printer filament.




Kel-F target cups

Quality of print can vary
dramatically and is highly
dependent on temperature
and speed of extrusion.




Kel-F target cups

Quality of print can vary
dramatically and is highly
dependent on temperature
and speed of extrusion.

3D-printed Kel-F target cups
survived cooling to 1K.




Kel-F lenses
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The polarizing radiation is in the form of
a Gaussian beam incident on the target.

3D-printed lenses could be built into the
target cups to evenly distribute the
beam and help drive up the degree of
nucleon spin polarization. | = Ve
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Kel-F lenses

Beam is imaged using a calorimeter consisting of 25
“pixels” 3D-printed with iron-infused PLA and
positioned inside a temperature-controlled box.
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Kel-F lenses




Kel-F lenses

. Unobstructed . Ideal
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Kel-F lenses
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Kel-F lenses

Loss mechanisms:




Kel-F lenses
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Kel-F lenses

MM-Wave (140 GHz) Loss
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Kel-F lenses
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Kel-F lenses
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Kel-F lenses
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Kel-F lenses

Next steps:

Continue investigating properties of lenses: focal plane, hot-spot ring
Model expected results based on known losses to better assess lens performance

Perform further analysis of lens results: can results be attributed entirely to
absorption/reflection losses and hot-spot spread?

Experiment more with Fresnel lenses to minimize absorption losses

Devise lens mount for easier alignment (lenses are very difficult to center on beam)
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