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So Far Accomplished

● Rotation/Modification of Magnet

● Fridge Repairs/Modifications

● Design Build Target Insert (3-built, one metal)

● 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

● Integrated Cryocontrols (test version showing up on website)

● Target Annealing system test

● Three Fully integrated System Tests

Last 3 Cooldowns : 
1.) New NMR, Magnet, Fridge, Pol
2.) NMR, Max Pol
3.) Microwave opt, Autocontrols 
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Previous cooldown saw some drift

Previous cooldown saw some drift



  



  

Fridge Modifications

This cooldown: 
Seem to have a leaky valve

This cooldown: 
Seem to have a leaky valve



  

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?

 



  

NMR Comparison tests

● Signal to Noise (Liverpool to New)

● Temperature variation (temp control + record)

● Linearity (Liverpool to New: Ratio ~1%)

● Full scale polarization comparison (pol ~3%)



  

Microwave Generator Setup

● 20W EIO a	enuate 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 
addi-onal 1.5%

● Varia-on of beam voltage allows to an 
addi-onal 0.5% frequency adjustment

● Measure power at EIO and measure at 
helium evapora-on (10 l/s per Wa	)



  

Polarization Frequency



  

Microwave Setup



  

Microwave Test

● Testing Slow Controls for Microwave

● Testing for homogeneous irradiation

● Testing for optimal cell configuration

Microwave each coil equally 
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Automated Frequency Control



  



  



  

Testing Performance





  

COMSOL Microwave Simulation



  

Microwave Profile



  

Microwave Profile



  

Absorption at Resonance



  

Microwave Studies



  



  



  

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 



A Word on Systematics

Microwave Profile

Target Temperature Change over beam spill

TE Calibrations Take Time

Dose Accumulation

Dilution Factor and Packing Fraction

NIM A 728 (2013) 133-144
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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

UVA Cooldowns

UVA Cooldowns



  

Test Full System

3

3



Last Cooldown Highlights

Got Insulating Vacuum down to 3.7X10^-6, 
average boil off 17 SLM

First Polarization of ND3: 20%

Coil Position Tests:
Position 1: coil 1=80%, coil 2=85%, coil 3=80%
Position 2: NM
Position 3: Coil 1=78%, Coil 2=85%, Coil 2=NM
Position 4: Coil 1=NM, 80%, coil 3=85%

Magnetic Field Drifts: 0.02A/4days

Generate Field Map
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Cryogenic Performance



  

Results of All the Work



  

Initial Run: Central Top Coil

● 85.5%(2.7%)(5.5%)

● 5-10:1



Results of This Cooldown

Results of This Cooldown



  

Fridge Sensors

8: Upper Top HX

7: Upper Bot HX

6: Top Separator

5: Mid Separator

4: Top Lower HX

1: Bot Lower HX



  



  



  



  



Focus on Slow Controls
and Automation and Hardware 

MKS - Main Flow

MKS - Separator Flow Control

Run Valve Repair

He3-pressure

Software - first time all at once 
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Target Insert Sensors



  

Liquid Helium and Nitrogen Level



  

Fridge Sensors



  

Microwave Control VI



  

Cryocontrols



  



  

Pop-up Controls



  

Target Tools

E1098 Target Wiki

The Solid Polarized Target Group-UVa

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



  

Minimum Target Personnel

● Team Leader + Senior Advisers

● Min. 3 Target Experts (on call near exp)

● Min. 1 Slow Controls Software Expert

● Min. 1 Target Technicians

● Dedicated grad and undergrads students

● Target Operators: all collaboration members, 
training materials will be provided by UVA



  

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 (ND
3
 ~$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?

+MKS Units

Moving to FNAL

Still UVA

3 inserts now

add modulation 

testing still needed 

Fridge cooldown: UVA 

Magnet cooldown:
FNAL
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