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Spin Asymmetries of the Nucleon Experiment -
SANE
(TINAF EO7-003)

PHYSICS: proton spin structures g2(x, Q2)
and Al (x, Q2) for 2.5<Q2<6.5GeV2,
0. 3<x§i<0 8

Address DOE 2011 Milestone for
Proton Spin Structure

Measure inclusive double polarization
near-orthogonal asymmetries to:

access quark-gluon correlations using LO
twist-3 effects from d2 =[x2(2gl+3g2)dx:
compare with Lattice QCD, QCD sum rules,
bag model, chiral quarks

test nucleon models (x dependence) and Q2
evolution

explore Al(x->1); test polarized local
duality

METHOD: Detect 4.8 & 6 GeV polarized
electrons scattered on solid polarized
ammonia target with BETA, a novel large
solid angle electron telescope (BigCal +
Cherenkov + Lucite + Tracker)
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SANE Polarized Target
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Dynamic Nuclear Polarization
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Paramagnetism

Assembly of paramagnetic atoms (one unpaired electron); dilute enough
such that there is no magnetic interaction between the atoms.

E A
Apply external magnetic field.

N, Ey+guzH
Zeeman splitting /
E,H=0 AE =gu,H

E,-guH

>
N,: atoms anti-paralllel to field, H

higher energy (m. = +1/2).

N, > N, =>net magnetization parallel to field



Thermal agitation => random orientation
Lower temperature => less agitation

=> N, > N, => larger magnetization
Increasing H and decreasing T would eventually result in N, -> 0.

At thermal equilibrium (spin = 1/2)




Nucleons also posses magnetic moments, although:
nuclear moments / electron moments -> 10-3

Including nuclear moments => hyperfine splitting
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Forbidden Transitions
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The desired transitions -- <-> ++ and +- <-> -+ are forbidden.

Use the fact that the dipole-dipole interaction exists:
2 distant magnetic moments => dipole-dipole interaction << Zeeman

This results in a mixing of nuclear states, allowing for the desired

transitions though with a much less probability (10-4) than those
that are allowed.
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Measurement of Polarization

® Measuring polarization is equivalent to measuring the net nuclear
magnetization of the material Nuclear Magnetic Resonance (NMR).

e Exposed to rf field at Lamor frequency a spin system in a magnetic
field absorbs or emits energy. The response is described by the
magnetic susceptibility

x(w) = x'(w)+ x"(w)
4 4
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Inductance and impedance change when the material absorbs or emits
energy giving a voltage.

V(w,x)
S(w) =Re(V (x,0) -V (x,0)) = x" (@)

The polarization is calibrated by using the calculable thermal
equilibrium polarization.

uyH
P.. =tanh
. =t 21

. [S,.(@dw
f S (w)dw



Important Criteria:

e Degree of polarization P.
e Dilution factor f, which is the ratio of free polarizable nucleons to the total
number of nucleons.
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Here P and f correct for the fact that target is not 100% polarized and contains

other materials.

Beam time t needed to obtain a statistical error AA has the dependency

1
Py



Microwaves

For DNP, the required
frequency is about
28GHz/T (140GHz at
5T) where the
required power
20mW/g at 5T and
1K.

The power is inversely
related fto frequency.
Power absorption in
microwave components
increases with
frequency => limit at
210GHz, corresponding
to 7.5T.




Performance and Experience
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Quenches

Several quenches occurred in late October and early November of
2008, which caused the magnet to be inoperable.

This was diagnosed and fixed by the Hall C staff, target group, and
an Oxford Instruments Specialist. The magnet was then placed back
in the beam-line December 2008.

Since then there have been some spontaneous quenches that did not
damage the magnet, due to the new protection circuits working.

Detailed procedures have been implemented to minimize occurances.
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Refrigerator

e A large leak that was found in December 2008 in the “He
evaporation frig that is used to cool NH; to 1K, in the vapor-liquid
separator.

e This was irreparable and was replaced by one from Uva.
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Summary

Target used for SANE operates on DNP and capable of
longitudinal and transverse polarization .

(High) Polarization, measured by NMR.
There have been setbacks.
Target is now operational.
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“He vapor Pressure vs. Temperature
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Performance and Experience
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Quench of 10/31/08
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Quench of 11/3/08 PM
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