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Polarized 3He: Effective Polarized Neutron

S S’ D
* 3He nucleus: S state ~90% ' , - i
» 2 proton spins anti-parallel @ =~ @ @ @ - @
* Neutron carries most of the nuclear spin
~90% ~1.5% ~8%

» Two optical pumping methods to polarize 3He
* Metastability-exchange (MEOP) and Spin-exchange (SEOP)

« Polarized 3He targets for lepton scattering experiments ~ ~ SEOP
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Polarized 3He: Effective Polarized Neutron

S S’ D
* 3He nucleus: S state ~90% - : §
* 2 proton spins anti-parallel @ = @ @ @ — @
* Neutron carries most of the nuclear spin
~90% ~1.5% ~8%

* Two optical pumping methods to polarize 3He
* Metastability-exchange (MEOP) and Spin-exchange (SEOP)

* Few polarized 3He ion sources realized in history

Souce |Vear | Potarizer | Polarization | Curromt

Rice (US) 1969 MEOP <10% ~ 4 pA
Bermingham (UK) 1974 Lambshift <65% ~ 0.1 nA

Laval (CA) 1983 ABS ~90% ~ 300 nA

BNL (US) Ongoing MEOP 70-80% expected ~1 mA (bunched)
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Spin-Exchange Optical Pumping (SEOP)

|.  Optically pump alkali-metal atoms in 3He gas mixture

Bouchiat, Carver, and Varnum, PRL 5, 373 (1960)
Il.  Spin exchange between alkali electrons and 3He nuclei

T T HN

Collision Mixing
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Relaxatlon Spin-exchange collisions
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Metastability-Exchange Optical Pumping (MEOP)

|.  RF excitation: promote a small portion Colegrove, Schearer, Walters, PRL 132, 2561 (1963)

of 3He atoms to 23S, metastable state
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Polarimetry for SEOP

»Nuclear Magnetic Resonance (NMR) SRS

» Adiabatic Fast Passage
 transverse RF signal with swept frequency RF Coils
 3He spin flipped at Larmar frequency
* pick up the spin precessing signal

* Free Induction Decay
 transverse RF pulse at Larmar frequency
 3He spin tilted by a small angle

* measure the transverse relaxation time of
FID

»Electron Paramagnetic Resonance (EPR)

T.R. Gentile ef al., Rev. Modern Phys. 89, 045004 (2017)
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Polarimetry for MEOP (Low Field)
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Zeeman Sublevels Significantly Modified in
High Magnetic Fields

He3 Sublevels at 0.01T He3 Sublevels at '2T
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Figures based on Courtade (2002), Nikiel (2013), from calculation by Nacher.
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Zeeman Sublevels Significantly Modified in

High Magnetic Fields

He3 Absorption Spectrum at 0.01T He3 Absorption Spectrum at 2T
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Figures based on Courtade (2002), Nikiel (2013), from calculation by Nacher.
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BNL-MIT Development on Polarized 3He** Source
for the Future EIC atBNL ... ot s wty <V da

pulsed valve

4

* RHIC produced polarized proton beams from an
optical pumping polarized ion source (OPPIS)

* Electron Beam lon Source (EBIS) operates at5T T 3 ’
* MEOP within 5T field, transfer into EBIS for
ionization and extraction l \ i
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BNL-MIT Development on Polarized 3He** Source
for the Future EIC at BNL

Superconducting solenoid-1

Superconducting solenoid-2
Electron Gun Electron collector RFQ accelerator

Optically-pumped 3He cell

Gun Coil Transition region Collector Coil

3He Cell

[ Py

to vacuum ?
pipe

A. Zelenski et al., Nucl. Instr. and Meth. A 1055, 168494 (2023)
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Polarlzed Proton Beams at RHIC
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Courtesy of D. Raparia
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Polarized Proton Beams at RHIC

OPPIS 6.3-:10*(maximum 40-10!!) polarized H- /pulse.

~a

LINAC| 3.6:10% polarized H- /pulse at 200 MeV, P=80-82%

\ 200 uA X300us

Scrapingin Booster | BOOSter| 2.5-101! protons /pulse at 2.3 GeV

~

AGS| 2.2:10 p/bunch, P ~65%

~2:10" p/bunch, P~60-65% at 100GeV +

P ~50% at 250 GeV
Courtesy of D. Raparia
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Polarized Proton/Deuteron Sources at IMP

ABPIS Design (p, D*)
H T+D" > H" T +D°
oc~5x10"cm’ @E, ~10eV
Plasma Source

Layout of the SPIS at IMP Q\?f’ \19"

Courtesy of L. Sun
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Path towards Polarized 3He** Source in China

~10' atoms/s

* ABS polarized *He s e

SOURCE OF
METASTABLES

Cryo-vessel

SEXTUPOLE

o

—

SHe

TRANSITION

Quadrupole 3He : quadrupole magnet selects spins s
magnet « 1.3K=86peV
e AE=p,=67neV/T
e initial angle very important
*He
P. Murthy, PSTP2024 F. Rathmann, PSTP2024 IEEE Transactions on Nuclear Science 32

R . (5), 1835-1837 (1985)
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Path towards Polarized *He** Source in China

efficient dc *He?* ions production.

“He?* + *He — “He + *He?™". (1)

A cross-section of this reaction at relative energy
of 50eV is 6, =4x 107 cm? [9]. In Ref [9]
a total cross-section for the reaction *He?* + *He
has been measured. A conclusion has been made
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A.S. Belov, NIMA 402, 205 (1998)
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Path towards Polarized *He** Source in China

ULlPUlale.\./u AW 1VULI0 Aalv ivltliiva it a Dbl}alat\/
ion source. An ECR 1on source could be used for
efficient dc *He?* ions production.

“He?" + *He — “He + *He?™. (1)

A cross-section of this reaction at relative energy
of 50eV is 6, =4x 107 cm? [9]. In Ref [9]
a total cross-section for the reaction *He?* + *He
has been measured. A conclusion has been made

—1
10 5_

—

5 -

2

N

-
o

ul
1

cross section / cm
|
LR
[e2]

LN
~J

—
Q

3 5 102 2 5 103 2 5 10b
energy | eV —>

Xiaqing Li

SOURCE OF
POLARIZED
o " THERMAL
He 3He ATOMS
{UNPOLARIZED)
ION 3
SOURCE He' M pagg ANALYSING
\ —— MAGNET
4 .44- / L 4 a
He / He I I
- —_— Y 2y — N
l; 3;6-91- I‘l
COOLED / \ S
STORAGE EXTRACTION |
CELL ELECTRODES | *he”

2+

Fig. 1. A schematic diagram of the polarized *He*" ion source.

A.S. Belov, NIMA 402, 205 (1998)

2026/4/20 Qingdao 17



Path towards Polarized *He** Source in China

ECR ionizer

 Monte Carlo simulation for
multiple ionization, inelastic
scattering and de-ionization
processes for *He, *He* and
3He** in ECR plasma

* Polarization 10-20% expected
in the 2004 work

* New simulation to be
performed for the latest 4th
generation ECR

Xiaqing Li

M. Tanaka et al. | Nuclear Instruments and Methods in Physics Research A 524 (2004) 4659
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New Polarized 3He Lab at Shandong U. (Qingdao)

SHe gas cell (1 Torr)

* Lowfield system established
* To be upgraded to high field tests
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Summary

* Spin polarized 3He is a powerful effective polarized neutron

* New techniques for polarized 3He in high magnetic fields will provide
new opportunities for spin studies at the state-of-the-art nuclear and
particle experimental facilities

* Development on novel polarized 3He target and ion source is underway
and expected to provide unprecedented improvement in understanding
nucleon spin structures

Thanks for your attention!
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Backup

Xiaqing Li
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JLab-MIT Development on Polarized 3He Target
in High Fields

X. Li et al., NIMA 168, 792 (2023)

3He cell with RF electrodes
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