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Solid Polarized Target Systems

(A) ∼100 nA

(B) 1035cm−2s−1

(C) Dilution factor f<25%

(D) Cryogenic System 1.5 K

(A) e− ∼1 nA, γ

(B) High Luminosity

(C) Dilution factor f<15%

(D) Cryogenic System down to 30 mK
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4He Evaporation System

Operate at 5 T

Used with up to 100 nA

Large Capacity pumps

Polarizations: p∼90%, d∼50%

Dustin Keller (UVA) HiX 2014 November 19, 2014 4 / 41



Dilution Refrigerator

Uses 3He-4He mixture

Operate at 0.5 T

Continuous/Frozen Spin mode

Polarizations: p∼95%, d∼80%
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SPIN 2014

Peking University, Beijing China
http://www.phy.pku.edu.cn/spin2014/proc.html

12 sessions
http://www.phy.pku.edu.cn/spin2014/proc.html

All spin phenomena
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Spin Physics with Frozen Spin Target at Mainz

Talk by Andreas Thomas

Dustin Keller (UVA) HiX 2014 November 19, 2014 7 / 41



Spin Physics with Frozen Spin Target at Mainz

Talk by A. Thomas
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Longitudinally Polarized Target for CLAS12

Talk by Chris Keith, JLab
Polarized EMC
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Longitudinally Polarized Target for CLAS12
Talk by C. Keith, JLab
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Solid HDice Targets

Talk by Xiangdong Wei, JLab
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Solid HDice Targets

Talk by X. Wei, JLab
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Boosting Deuteron Polarization in HD targets
Talk by X. Wei, JLab

Adiabatically rotating magnetic field direction
RF AFP
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Adiabatic Fast Passage at 1 K
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Recent Developements at Bochum/Bonn

Talk by Gerhard Reicherz, Bochum
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Recent Developements at LANL/UVA
Modernized CW NMR system
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Polarized Drell-Yan

Talk by Ming X. Liu, LANL

(A) UVA cooldown magnet test

(B) Oxford coil modification

(C) UVA fridge modification

(D) UVA target design
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University Virginia Solid Polarized Target

Hardware Development and Improvements

Radiation and Polarization Characteristics

Measurement of Tensor Enhanced Target

Development of Tensor Enhanced Target

Dilution Reduction

Dustin Keller (UVA) HiX 2014 November 19, 2014 18 / 41



Material Performance

Radiation Resistant Materials

6LiH 6LiD

NH3 ND3

CH4 CD4

f =
Nσ

σNT σT
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Polarization Materials
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The Need For Tensor Polarized Target

Upcoming: E12-13-011(b1), LOI12-14-002, Duke Tensor-HiFrost

Dustin Keller (UVA) HiX 2014 November 19, 2014 21 / 41



Spin 1

P =
n+ − n−

n+ + n− + n0

(−1 < Pz < 1)

Pzz =
n+ − 2n0 + n−

n+ + n− + n0

(−2 < Pzz < 1)

(a) Tensor Structure Functions

(b) Tensor Asymetries

T20, T21, T22, AT , b1, b2, ...

Probe Spin 1 Observables use Spin 1 Target (Deuteron)

Three Magnetic substates (+1,0,-1)

Two Transitions (+1 → 0) and (0 → −1)

Deuterons electric quadrupole moment eQ

Interacts with electric field gradients within lattice

Em = −hνDm+ hνQ[3cos
2θ − 1][3m2

− I(I + 1)]Dustin Keller (UVA) HiX 2014 November 19, 2014 22 / 41



The Need For Tensor Polarized Target
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The Need For Tensor Polarized Target
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Homogeneous Broadening
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Tensor Polarization Measurement
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DMR line Fitting
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Fit to find P = 42.3% and A = 13.1%
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RF Modulation

Deuteron RF Modulation

First Look

1 Secondary Coil (2 mT/A)

2 Translate NMR Area

3 Only Estimates

4 Intermittent NMR

Adjacent Spins Dynamics

Different Resonant frequencies

Change in Γ(ω)
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Interpretation of the DMR line
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(a) Understand change in I+(ω), I−(ω)

(b) Useful steady-states

(c) Measure with uncertainty
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Interpretation of the DMR line
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(a) Understand change in I+(ω), I−(ω)

(b) Useful steady-states

(c) Measure with uncertainty
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Steady State Solutions
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(1/2,-1)

(-1/2,-1)

(1/2,0)

(-1/2,0)

(1/2,1)

(-1/2,1)

1w

σ1w ψ1w

ζ1w

β1w

(a) ζ ≪ β (Mininal variation)

(b) ζ ≫ β (Saturation)

(c) ζ ∼ β (Family of solutions)
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The Semi-saturated Fitting
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P = 0.490 → 0.472 Pzz = 0.189 → 0.128
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Saturate ζ

Use Power Profile to Gauge

Semi-saturate to steady state
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The Saturated Fitting
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P = 0.414 → 0.391 Pzz = 0.128 → 0.156
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Enhanced Tensor Polarization Measurement

Enhancement Method

1 TE & Pzz = (r2 − 2r + 1)/(r2 + r + 1)

2 Pzz = 1 − 3
n0
N

= C(I+ − I−)

3 Saturate Pedestal and Semi-saturate small peak

4
F̂
−

+ F̂
+ ∧ F

−
+ F

+

Error Estimates

(a) Natural distribution (4-6%)

(b) RF Saturation (5-7%)

(c) Semi-saturation (6-10%)

R
-4 -2 0 2 4 6

k 
X

 m
V

0

0.1

0.2

0.3

0.4

0.5

 

Dustin Keller (UVA) HiX 2014 November 19, 2014 34 / 41



Uncertainty in Tensor Polarization
Standard Uncertainty Contributions
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1 ATE - Relative uncertainties in area acquired during TE

2 STE - Measurement limitation during TE

3 SE - Systematic variation in enhanced signal

4 G - Error from gain

D. Keller NIM 728, 133 (2013)

Additional Contributions (Steady-State)

δI± =
√

(δC)2 + (δA
χ2 )2 + (δA∂t)

(δC) Standard Contributions from above

(δA
χ2 ) Variation in area over covariance matrix minimization

(δA∂t) NMR measurement limitations with respects to relaxation rate
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Polarized Solid Targets at 12 GeV Jlab

Hall A
(E12-11-108) SIDIS with a transversely polarized proton target
(E12-11-108A) Target single spin asymmetries uing SoLID

Hall B
(E12-06-109) Longitudinal spin structure of the nucleon
(E12-06-119) DVCS with CLAS at 12 GeV
(E12-07-107) Spin-Orbit Correlations with a longitudinally PT
(E12-09-009) Spin-Orbit Correlations in kaon electroproduction in DIS
(E12-12-001) EMC effect in spin structure functions
(C12-11-111) SIDIS on a transversely polarzed target
(C12-12-009) Di-hadron production in SIDIS on a transversely PT
(C12-12-010) DVCS on a transversly polarized target in CLAS12

Hall C
(E12-14-006) Helicity correlations in wide-angle Compton scattering
(C12-13-011) The deuteron tensor structure function b1
(LOI-12-14-001) Search for exotic gluonic states in the nucleus
(LOI-12-14-002) Tensor asymmetry Azz in the x < 1 region
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Summary

Hardware Development and Improvements

Radiation and Polarization Characteristics

Measurement of Tensor Enhanced Target

Development of Tensor Enhanced Target

Dilution Reduction

12 proposals Jlab
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