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E1039 Polarized target system and cryogenics
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DNP Target
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e-relaxation  time: ~ms

p-relaxation time: ~10 mins



3

Polarized Target Subsystems



Update to Projected Error bars
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Target Insert
Carbon fiber with copper heat sink

• 27mm X 20mm elliptical target cell


• Shaped to match beam profile


• Long cell length microwave horn


• 3 cells per insert


• 3 NMR coils per cell


• Foil on either end
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SpinQuest
A target system to operate at the proton intensity frontier

• At least  protons/spill 


• 8 cm long target of  and 


• Several Watts of cooling available:  roots pumps


• 5T vertically pointing field (close to critical temperature each spill)


• Luminosity of 

2 × 1012

NH3 ND3

14000 m3/hour

2 × 1035cm−2s−1
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Novelty Issues
Polarized  Target on the Intensity frontier

• Proposed as the highest instantaneous proton intensity ever done


• Integrated over 1 second ~ 


• Longest target cell used in an evaporation DNP system (decay, uniform)


• First proton beam Drell-Yan on  (dilution factor, pol. level, cycle)


• Magnet heat-load limits, superconducting critical temperature 


• Fridge heat-load limits (~1.1 Watts of beam heating alone)

1012

NH3/ND3
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Optimize: Target length, field strength, degree of homogeneity, bore dimensions



Dilution Factor
Kinematic sensitivity (study with MCFM)

f(xt) =
3dσDY

p /dxt

3dσDY
p /dxt + dσDY

N /dxt
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ΔAN =
1

fP N

fP(NH3) ∼ 16% × 70 %

fP(ND3) ∼ 30% × 35 %

• Estimates based on MC


• H and D match to data well


• N not measured



Challenges of a long Target

• Different decay along-z 


• Microwave distribution


• 3 NMR coils


• Lower Average in NH3 (70%)(16%)


• Testing to gain insight and 
optimization required


• Details required to know target 
overhead
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Challenges of a long Target

• At most (proton dose)


• Anneals :  protons


• Replace:  protons


• Higher average requires more 
target maintenance


• Details required to know target 
overhead

2 × 1016

1.5 × 1017
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Superconducting Magnet
Quench Threshold

• Critical surface is defined 
by the temperature, field 
strength, surface current


• Quench if either of these 
is beyond the critical 
surface


• For 5T the maximum 
temperature is 7.2K

12

5T NbTi (Niobium-Titanium)



Quench Studies
Primary Intensity Boundary
• Monte Carlo and Finite Element Analysis (limited exp info)


• Match Measured Field and Simulated Field


• Simulate Heat-load Cycle from Beam


• Calculate the heat propagation to the coils


• Estimate Quench Threshold for Stable Running


• Use Estimate to Make Quench Commissioning Plan

https://confluence.its.virginia.edu/display/twist/Quench+Commissioning
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Simulation Strategy
Computational approach to superconducting magnet

• Steady-state film boiling regime is applied


• Add composite materials with effective thermal parameters


•  Parameterize of unknown properties of materials in contact with LHe
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• Make field map


• Port to Geant4


• Acquire heat-load


• Check critical temp at 
different intensity


• Study different pumping 
scenarios

COMSOL Multiphysics Simulation Package

Geant4



Estimated Quench Threshold
Based on a series of MC studies

• Assuming no other intensity constraints


• Assume unlimited LHe
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Quantum Technology Corp Liquefier

Model QDHRR100 Helium liquefier 2 units, for a total of 200 LPD               
Liquefaction Rate: 100 liters/day 
Dewar Capacity: 250 Liters 
Compressor Package Model (five units): QDC6000V (Available water cooled only)
Compressor Package Weight: 1320 LB
Power Consumption: 37.5 kW 3 Phase 480V / 60Hz
Cooling Water: Minimum flow 9.5 GPM @ 80ºF
Ambient Temperature Range: 45ºF to 100ºF (7 to 38ºC)
Gaseous helium requirement: Purity 99.99%

• Quantumpure Purifier


• Helium Gas Purity Meter


• Custom liquid helium transfer line


• Custom liquefier and liquid helium transfer system
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Liquefier System

• Requested 135 LPD at the target magnet (67% efficient when transferring over 60 min.)


• Based on studies at UVA this is more than sufficient for continuous running with no beam (using less than 120 LPD)


• Additional pumping on the magnet will likely be required to run at the beam intensity of interest


• Less efficiency is expected due to safety modification of system, magnet and fridge


• These numbers are very much dependent on the efficiency of the transfer line meeting expectation
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Target Magnet Pumping
Intensity vs Helium budget

2 × 1012 p/spill 10 × 1012 p/spillIntensity

Daily 
Consumption 135 l/day 175 l/day

Additional Daily 
Requirements 0 l/day 40 l/day

250L 0 5 days
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SpinQuest Target Team

• Team Leader


• 1 UVA Research Scientist (hiring in process)


• 2 UVA postdocs (general)


• 1 LANL postdoc (slow controls)


• 1 UVA Target Technician (hiring in process)


• 2-3 UVA grad students


• Multiple undergrads 
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Challenges
Past and Present

• No full-time cryogenic engineer to help prepare for cryogenic safety review


• Major infrastructure additions to meet safety standards


• Additional modifications driven by safety recommendations still in process


• Training target experts requires a running target (lots of people willing)
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In addition PT at the intensity frontier



Thank You
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Backup Slides
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Liquid Helium Transfer
QT Transfer to the target

• Initial Cooldown 100% boil-off at 1700 slpm


• QT recovery compressor can handle 1500 slpm


• Loss of 200 slpm


• Using rigid non-LN2 shielded (just vacuum) with flexible ends


• Initial fill at 80K requires at least the full 500L of stored LHe


• Refill ~135L (200L) should be delivered over 60 minutes


• Can only store 2X250 at a time
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QT Transfer Line into Cave
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External Magnet Temp Sensor
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Last Target Polarization at UVA
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DNP Refrigerator
High Cooling Power Evaporation System
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Quench Simulations

35



Superconducting Magnet
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5T NbTi (Niobium-Titanium)



Magnet Comparison

  

Solidworks→ Geat4

Based on drawings 
and measurements

Simulation contain 
SS former, LHe, 
vessels, target cell, 
target material  

Then look at energy 
deposition in the 
SC coils 
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Comparison

• Running at 20 SLPM ~1.4 W


• For 4.4s ~1 W heat-load from beam


• DNP ~0.5 W heat-load from microwaves


• Superconducting magnet critical temperature 7.5 K at 5 T


• Beam cycle important factor
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Superconducting Magnet Quench Studies



Systematic Uncertainties
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SpinQuest Target Magnet
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SpinQuest Experimental Hall
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Cryo-platform
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Top of Target Cave
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Helium and Nitrogen Supplies
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Target Cave and Cryo-platform 
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Full Detector and Target
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New Cryo-platform 
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Target Alcove
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Overhead view of Cryo-platform
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• F-mag field 1.8 T


• Target 3 meter upstream


• F-mag field 2 meters upstream     
~3 Gauss


• SS curtain just upstream of F-mag


• Shielding block with reinforcing 
steel on the corners
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West View of Target Cave
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QT Liquefier
Set of components
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Thank You
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