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LANL/UVA Solid Polarized Target
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● Status on the Target
● Results of UVA Test Run
● SPT Expectations and Uncertainties
● Personnel Requirements
● Still to Come



  

E1039 Polarized Target



  

So Far Accomplished

● Rotation/Modification of Magnet
● Fridge Repairs/Modifications
● Design Build Target Insert (second one under construction)
● Redesign/Build NMR for VME (low noise cold system)
● Machine 2 nose pieces with beam window
● Production of some material (50% for proton 5% of deuteron)
● Automated Microwave Control system (ready for beta test, but PS?)
● Integrated Cryocontrols (ready for beta test, need all variable in DS)
● Fully integrated target run (several test runs)
● Target Annealing system test



  



  



  

Recent Modifications



  

Upright Full View



  

Upright top



  

Upright Heater



  



  



  

NMR System

● New LANL-NMR checked

● Compares to UVA-Liverpool

● Cold LANL-NMR

● Compares to Cold UVA-Liverpool?

 



  

Microwave Generator Setup

● 20W EIO attenuate down to mW 
scale: Mixer and Power meter

● Mixer has 10 mW damage 
threshold

● F→D (140 GHz), right angle bend
●  Cavity size adjustment allows an 

additional 1.5%
● Measure power at EIO and 

measure at helium evaporation 
(10 l/s per Watt)



  

Microwave Setup



  



  



  



  

Testing Performance



  



  



  

Target Material



  

Radiation Damage and Recovery

● Maximum Polarization decays as a function of dose
● Heat material (Anneal) to allow radicals to recombine
● Done by heat wire around target cell raising to 80-100K for 

20-60 minutes
● Needed at 4Pprotons/cm2 (about every shift)
● Once exhausted (40 Pprotons/cm2) need target material 

replacement 



  

Sources of Uncertainty in 
Polarization

● Changes in DF/Packing Fraction
● Field Drifts (Magnet/Power supply)
● Enhanced Measurement errors
● TE Calibration errors

Nuclear Instruments and Methods in Physics Research A 728 (2013) 133–
144



  

Polarization Calibration and 
Measurement

Proton

Deuteron

Neutron

~0.3%

~0.05%



  

Uncertainty in Polarization

(Temp/pressure measurements)
(area measurements)
(background subtraction)
(setability)
(NMR temp sensitivity)
(NMR tune and tune drifts)

(Charge averaging)

Procedural errors
can be to be pretty small:
Assuming the right procedure
(Target is thermalized to TE)  



  

Full System



  

Test Full System



  



  

Cryogenic Performance



  

Fridge Sensors

8: Upper Top HX

7: Upper Bot HX

6: Top Separator

5: Mid Separator

4: Top Lower HX

1: Bot Lower HX



  

Results of All the Work



  

Target Personnel

● Target Experts (On call for all target systems, should be 
within 20 mins of experiment):    Need at least 5 to cycle 
on month long shifts

--No Training Materials for this, see me--
● Target Operators (Maintain polarization and cryogenics, 

move target position, Monitor Target Alarms, Check 
sheet and Target Log, Contact Target Expert as 
needed):                             Need about 50 to cover 4 
months of running

--Training Materials will be available from UVA--



  

Still to Come

● Secondary pressure/temp sensor (3He bulb-Just test)
● Additional Fridge Modifications for ease of target change-out (Just test)
● Cold NMR system optimal signal to noise for Deuteron/Neutron (Just test)
● Maximize number of target cells equipped with cold NMR (Probably 3)
● Remote Control for Microwave (Ready for Testing)
● Cryosystem auto-control (Close to finished)
● Annealing system (Still deciding which one)

● Material purchase and irradiation (ND3 ~$40K)

● Making material and doing the irradiations (only 500g done out of 2.6kg)
● Couple more cooldowns coming up soon for testing what is mentioned



  

Results of Cooldown

● There is a power restriction (think we got it)
● All coils are doing about the same
● All cell location are doing about the same
● Warm NMR seem OK
● Polarization multiple cells/coils ~85%
● All functionality tests went well 
● System runs smooth but uses lots of LHe (~17 SLM 

with vacuum 7X10^-7 tor) 



  

Initial Run: Central Top Coil

● 85.5%(2.7%)(5.5%)
● 5-10:1



  

Still to Come

● Secondary pressure/temp sensor calibration (3He bulb-Just test)
● Infrastructure for target changes
● Cold NMR system optimal signal to noise for Deuteron/Neutron
● Configure one stick with 3 active cells 2 cold-NMR one warm
● Remote Control for Microwave (further testing)
● Cryosystem auto-control (further testing)
● Annealing system (testing needed with temp sensors on insert)

● Material purchase and irradiation (ND3 ~$40K)

● Making material and doing the irradiations (only 500g done out of 2.6kg)
● Lots of work on radiation protection for equipment (motors, etc…)
● Lots of work on setting up full cryocontrols and target variables data flow to run and test 

all at once
● Need more cooldowns coming up soon but where?



  

Target Tools

E1098 Target Wiki

The Solid Polarized Target Group-UVa

http://twist.phys.virginia.edu/

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjOkZmWiM_bAhXB0VMKHck0DbwQFggnMAA&url=http%3A%2F%2Ftwist.phys.virginia.edu%2F&usg=AOvVaw1TAqLhLZ8U8ciiX4OQjHFU


  

COMSOL Microwave Simulation



  

Microwave Profile



  



  

Absorption at Resonance



  

Microwave Studies



  



  



  



  



  

Target Insert Sensors



  

Liquid Helium and Nitrogen Level



  

Refrigerator Sensors



  

Microwave Control VI



  

Automated Frequency Control



  

Magnet PS control



  

Cryocontrols



  

Pop-up Controls
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