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FERMILAB (E1039) EXPERIMENT
(Un)Polarized Drell-Yan Experiments 
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SpinQuest (E1039) Experiment Setup at FNAL
• FNAL 120 GeV proton beam 

• 𝑠 = 15.5	GeV
• 5×10!"  protons/spill with 4.4 sec/min
• 7.7×10!# protons on target/year 

• LANL/UVA Polarized Target
• Solid 𝑁𝐻$, 𝑁𝐷$
• Superconducting magnet (5T) field, 1K 

evaporation fridge 
• 140 GHz microwave source (with DNP technique)
•  Helium Liquefier System (200L/day liquefaction 

rate) 
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Target Material 

• A successful target material candidates 
for the DNP can be characterized by:
• Maximum achievable polarization 
• Dilution factor → total nuclear 

content
• Resistance to radiation damage 

• Target material 𝑁𝐻$/𝑁𝐷$ are doped 
with paramagnetic free-radical by being 
irradiated at NIST (National Institute of 
Standard and Technology)

• The polarization decays over time due to 
the radiation damage and restored by 
annealing process (target is heated at 70-
100K) 
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Target Material (𝑵𝑯𝟑/𝑵𝑫𝟑) 
• The figure of merit (FOM) is crucial for target material:

𝐹𝑂𝑀 = 𝑃%". 𝑓". 𝜌. 𝜅
• The dilution factor and the target polarization have the largest impact on the FOM
• The filling factor 𝜿 is linked to the thermal conductivity and the shape of the target 

material 

Irradiated NH3 Beads Un-irradiated NH3 Slab
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Preparation of Solid Ammonia 
• The following cartoons depict the preparation of Solid Ammonia at UVA and irradiation at NIST. 



Polarization (Positive & Negative) 

• Using the DNP (Dynamic Nuclear Polarization) technique, we obtained polarization for ammonia (NH3) 
that was over 90% positive and 80% negative. 

• A 140 GHz RF signal generator (EIO) (Extended interaction oscillator) is used for DNP. Please see the talk 
by Vibodha Bandara (Microwave System)

• A Liverpool-based NMR (Nuclear Magnetic Resonance) technique is used to measure the polarization. 
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https://indico.fnal.gov/event/64625/contributions/295287/


Heat Load Effect on the Positive Polarization 

June 26, 2024 July 01, 2024
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Heat Load Effect on the Negative Polarization on July 04, 2024
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Beam Position Shift Effect on the LHe Bath

Horizontal Position: -1.88 mm Vertical Position: 0 mm

• This study indicates there is no strong correlation between position and heat load, but instead, there is 
greater dependence on intensity and another variable. 

• The beam shifts from the set coordinates, dumps heat on the LHe bath, and evaporates the liquid.
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Cryo-Pumping on LHe Bath
• The root pump stacks, with a high pumping 

speed of 17,000 m3/hr, help maintain the LHe 
Bath temperature at around 1 K, but they cannot 
cool the inside of the material. 

• Help us recover the polarization during the spill.

Oerlikon Leybold RUVAC WH7000

Inlet pipe of the pump stack

Sogavac SV 630

Cryo-Pumping
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Next Plans
• We planned to interact with the beam on our target 

at 3 E12 proton/spill for the thermal depolarization. 
• We will maximize the possible intensity without 

cryo-pumping. 
• Above this intensity, we will cryo-pump our magnet 

liquid helium reservoir to avoid the possibility of 
magnet quenching due to high intensities. 

• Increasing the target material packing fraction by 
enhancing the surface area to volume ratio could 
lower the thermal depolarization. 

• We will optimize the target geometry by using NH3 
slab and wafers. 

• By enhancing the packing fraction it is possible to 
improve the FOM (Figure of Merit) with more 
polarized nucleons per target cell. NH3 Slab



14

Summary 
• There is no significant thermal depolarization during the beam spill (Intensity <=2.00E12 

proton/spill).
• Thermal depolarization during the beam spill is recoverable due to the cryo-pumping on the 

liquid helium bath. 
• The beam shifts from the set coordinates cause no increase in heat load to the target, yet high-

intensity spills have yet to be studied well.
• Increasing the packing fraction by enhancing the surface area to volume ratio might enhance the 

Figure of Merit (FOM) for the polarizable observable measurement. 


