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Abstract

He-3 is a strong candidate for a variety of effective polarized
neutron experiments. The development of these targets was crucial in
the G¢" experiment (GEn-ii) which ran in Hall A at Jefferson Lab in
2022. The development of the He-3 involves a circularly polarized laser
beam hitting gaseous He-3 and exchanging spin information.
Previously, the He-3 was polarized inside of Hall A, however, the
equipment has since been dismantled and relocated. This motivates
the setup of a target laboratory in the Experimental Equipment Lab
(EEL) to begin the redevelopment of polarized He-3 targets. This work
uses Helmholtz coils to induce a magnetic field on the gas and force
the direction of polarization. Alkali-hybrid Spin-exchange optical
pumping (AHSEOP) is discussed and its role in the creation of
polarized He-3. The field in the target chamber is measured and
plotted to showcase the setup's effectiveness. This new target lab is a
feasible location to make polarized He-3 targets for future

Introduction

Polarized He-3 is a convenient target because 90% of the atoms
are in the antisymmetric S state (fig 1).

We want to design high-performance He-3 targets using alkali-
hybrid spin-exchange optical pumping (AHSEOP).
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Fig 1. An illustration of He-3'’s possible spin states.

Methods

Fig 2 (left). High-density He-3 is
placed into a cell with a Rb-K
mixture. We can then use traditional
SEOP techniques at 795 nm to
transfer spin information through
collisional mixing.

Fig 3 (right). Polarized
target setup in Hall A. The
laser is pumped through the
glass tube while the bulb at
the top is heated in an oven
to induce convection.
Originally, the targets were
built in Hall A. This set up
has since been moved to the
EEL building.

Hunter Duggin®, Arun Tadepalli2

Electronics

<o EPRMODULATOR

FUNCTION (7R
. EPR COUNTER

POLHE3-01-09

J3 MIXER

RF CAPACITORS

@ (FROMPA) [ POLHE3-01-08

E44008
(GPE)

OSCILLOSCOPE
UTPU

EARELT POLHE3-02-04
o 02-
REIN RFOUT

SR844 RF LOCK-IN
@ SIGNALIN
[
SR844 RF LOCK-IN
@ SIGNALIN
[
b SR844 RF LOCK-IN
L @i SIGNALIN
(DR 1

1
o NMR RF AMP DAIsY- I  DESKTOP
@ rrout CHAIN |

POLHE3-02-01

Fig 3. These electronics are used to induce the field that
polarizes the atoms in a particular direction. There are also
experimental probes for EPR and NMR.

Field Measurements

Helmholtz Large Coil B-Field
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Fig 4. Magnetic field measurements read from the large
Helmholtz coil. This image is taken from the previous setup in
Hall A. Similar measurements were conducted for the set up in
the EEL

eImhoItz Coils

Fig 5. Helmholtz coils are used to induce the magnetic field.
The coils were contaminated in the previous set-up, so we
and RadCon cleaned them. This meant we all had to receive
RadWorker Il training.

Conclusion & Future Work

The new polarized He-3 target lab is set up in the EEL building at
Jefferson Lab.

The lab uses laser light to polarize He-3 gas moving in a convection
current, and Helmholtz coils induce the polarization.

Targets need to be built in the lab to show its true effectiveness.

These targets will be used to investigate the spin structure of the
neutron.
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