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Outline

» Background & Overview
» Polarized lon Source
» Depolarization Resonance & Siberian Snake

> Polarimeters
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Background

-

Q e-injector )

Polarized
lon Sources

Ordinary & Polarized lon Beam

» Polarized lon beams: Spin utilized as an |
additional degree of freedom Proton Spin

risis
* More information, more sensitive
» A must-do for EicC: polarized beams

* Production, acceleration, diagnostics  1980s 1990/2000s
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¥R (Ovecrview for Acceleration of Polarized lons with HIAF

(A

9.3 GeV/u

» Polarized lon Source

. . Q 4 ¥ ,//
» Siberian Snake - 7
ngh Energy

* Avoid depolarization Polarimeter | 3
during acceleration  spin Rotator GD==

» Polarimeters
* Linac
* BRing
* External station

» Spin Rotator
* Transversal / longitudinal

Siberian
Snake
> Feeding HIAF-BRing with H*/D*1
* Energy: 9.3 (4.2) GeV
* Intensity: 2E12 ppp
* Polarization: 70-80%

g _
” pC polarimeter
g 7y

7" Absolute
polarimeter

Low Energy Polarimeter
/

> Spin-polarized experiments at HIAF Ss— = =9
 Polarized Internal target ¥' B. Gou, SPIN [C], 2025 Pol. H* Source
. . . - LEBT: match spin direction
External station with polarized beams ? >50 MeV/u between source and BRing
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¥ Background — A List of Polarized lon Beam Milestones

(A

[ T. Roser, Past, present, and future of polarized hardon beams, 2021]

Beam
Facility Years Species Momentum P [%]
[GeV/c]
SYEeEIE 1960 p, ions 0.01~0.6 80% Follows development of source and targets
Synchro-cyclo.
ZGS 1973 p 12 70% First synchrotron, weak focusing
Saturne 1981 p,ions 4 80% First strong focusing synchrotron
AGS 1984 p 24 75% Two partial snakes added, 2004-2005
100 GeV pp collisions in 2001,
el 2ot P e e 250 GeV in 2009. Full snakes, spin rotators
EIC-HSR 2030 p, D, 3He?* 275 70% Under design
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[D.L. Friesel, EPAC [P], 2000] o2 / e
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(1989-2023) 1

[M.A. Leonova,
PRL [J], 2004]

H*/D*
6E10 ppp
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Polarization 75%
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NICA, Russia, On Progress, H*/D*1, lon Collider

[V.V. Fimushkin, SPIN [P], 2025; SPD
i detector
V.P. Ladygin, SPIN [P], 2025]

Fixed target area
BM@N o €

"

NICA Collider
3-11 GeV/n

HV e-cooler

APolL
polarimeter
'“ﬂ‘ | B1Y -

8| e

I | |
, ‘. Magnet factory

Cryogenic | |
SPI LEP system
Nucioton DSS * Nuclotron in operation for a few years

S5MeV LEP 0.6-4.5 GeV/N polarimeter p y

* Beam injection to NICA (end of 2025)
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lon

RHIC, USA v
0
’ —? Vat Electron Low-energy
= % Storage Ring Proton Bypass
Spin flipper
S
S +—Siberian Snakes RHIC
Polarized pp Collisions SiPerian S“{es‘ ElC Storage Aing =N
7 PHENIX  H*1,275 GeV, 60% O¢

@D

\l@ STAR

Second

Electron

Electr(iry Accelerator
ePIC &
Detector b
Electron

Source

7
B o B

Spin (ﬁators )
(longitudinal polarization)

To be
Spin Rotators (long. pol.) upg raded

[G. Atoian,
to EIC

arXiv:2510.10794, 2025]

lon
Pre-accelerator
Chain

[Y. I. Makdisi, PSTP[P], 2007]

LINAC BOOSTER 5.9% Helical Partial
. / Siberian Snake

W

Pol. H Source g

.

. lon Sources

H*1,24 GeV
70% o

7«—pC Polarimeter

200 MeV Polarimeter

10-25% Helical Partial Siberian Snake
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Polarized lon Source

* SPIS originated in the 1960s.

* Two steps for producing polarized ion beam: 1) nuclear spin polarized atoms; 2) ionization

years Institute Species Intensity Polarization Polarl_zgt_lon lonization Reference
Acquisition

2007 INR,RUS H* H- 11MA4mA 90% ABPIS Plasma < Belov, PSTP [C], 2007
200 ps, 10 Hz lonizer

2018 JINR,RUS D+ °OMA 150, 884 ABPIS Plasma | iushiin, SPIN [CT, 2018

1Hz lonizer

2002 IUCF,USA H-,D- LSMAZMA 45, ABPIS Plasma b enchuk, SPIN [C], 2002
300 ps, 2 Hz lonizer

2007 Fz),DEU  H- Y *(‘)Aé f_lozms’ 90% ABPIS Csbeam  R.Gebel, PSTP [C], 2007

2016 BNL, USA H- 4 mA, 300 pus 85% OPPIS Na cell A. Zelenski, RSI [J], 2016

2023 BNL, USA 3He**? Goal: 2 mA 70% OPPIS EBIS A. Zelenski, NIMA [j], 2023

ABPIS: Atomic Beam Polarized lon Source OPPIS: Optical Pumping Polarized lon Source
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(A

SPIS at IMP

» Start from 2020.06
> Design Goals

* Polarized H*/D*

* Intensity: > 1 mA

* Polarization: > 80%

* 2-5Hz, > 100 ps

Polarized lon Source

H'T+D" > H T+D°
T+H' > D" T +H’

0

Plasma Source

Storage Cell

Diagnosis Chamber

Einzel lens

-~ <8 Sextupoles e Filter
7 MFT

N
q \ > extupoles Deceleration lens ,
Cooled copper clip Sodium oven” y=
" "Dissociator Spin filter

S At : Metastable
Y4 Solenoid Valve C B/

atom detection
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Polarized lon Source

v" Design goals achieved

; Charge Your Science & Future

» Optimization ongoing

lon Source Group - Yaojie Zhai
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Polarized lon Source

ABS beam
' R Engels, PSTP [C], 2017 » Polarized H,* ion source & Stripper

- |E -

Challenge!!!

Correction

e -gun SC Solenoid LHe tank
[E‘[ = | No existing polarized H,* ion source
| P ‘—- ..... ell cooling . M—
//‘[—" ..... ! \\E‘ R \ \
. Extraction grid H, ‘\\ Cryo & \‘\\ 1124
e >n Cf'l/ I /p' panels H D G v s — »
e -film on optics T +, T + — & BN
D= € 48 MeV/u 1D*

coils

i =i= S e
N & >50 MeV/u tH*
HWR015

SPIS (H,*, D*)
QWRO007

\ i
“t S N 5! )
\\ (I S e
(\ $ |. ;
o\ \ " { 3 . " [
LR e Stripping Foill

_ Current RFQ only accelerates
RFQ: 0.8 MeV/
S i particles with m/q = 2~7

HCI ECRISs
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S Polarized Beam Acceleration

i

A

9.3 GeV maximum energy of BRing-N

»Siberian snakes to avoid depolarization

27 Intrinsic res.
o ‘ 18/9 rmm -mrad
14 imperfect res.

HIAF-BRing
2 GeV for DC electron cooling
* Protons (9.3 GeV): Many depolarization 8 intrinsic res. 00
resonances 4 imperfect res.
* Deuterons (4.2 GeV): No significant
depolarization Courtesy of M.X. Li, IMp 1Linac Polarized lon

More information about
the polarization
preservation for HIAF and
EicC can be found in

M.X. Li, NIMA [J], 2022
M.X. Li, PRAB [J], 2025

...

[J. Takano, PAC [C], 2005]
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Ered Polarimeter Principle

(A

» Spin dependent reactions

Low-energy polarimeter at COSY

‘v. 12 Detectors
Jarte.

*Pp—pp * PC—pC

» Angular asymmetry — Beam polarization

»
»

c =NL_NR p =_£_N
N NL_I_NR: beam AZC

0 Polarized ' J. Wirtz, master thesis, RWTH Aachen University, 2024
H.X. Huang, workshop on polarized ion source and beams at EIC, 2025

;A : Charge Your Science & Future lon Source Group - Yaojie Zhai 14



High-energy Polarimeters

» At BRing

* pC polarimeter: fast, relative

 H-jet polarimeter: absolute, slow
H-jet polarimeter _
can beused asan 1
Internal-target

* pC polarimeter calibrated by H-jet

Carbon fiber
5~10 um wide
100 nm thick @),

;4 : Charge Your Science & Future lon Source Group - Yaojie Zhai 15



iy es Summary

(A

A passionate team is working toward spin-polarized beams at HIAF
(IMP and SDU)
Collaborations are welcome!

v’ Polarized H*/D* ion source * Siberian snakes needed for * Polarimeters needed at
developed at IMP polarization preservation different energies
B Existing RFQ cannot acc. H
O A polarized H,* ion source * Theory and simulation done * H-jet polarimeter can be
O Another RFQ for HIAF and EicC used as an internal-target
¥ 10 million ¥ 5 million ¥ 8 million

Acceleration of polarized deuterons with HIAF is much easier than proton

;A : Charge Your Science & Future lon Source Group - Yaojie Zhai 16



Thanks
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SPIS plan at IMP and status  Principies for pags

> Sextupole magnets:

juu =g =t =0 IS =0 =8 =1 =\

30007 —
 focus the atoms m; = 1/2; defocus others m; = -1/2 2000] — 2
* Electron spin polarized atomic beam c} Loool
F=
SexttiPoIe Magnets Sextup9|e Magnets 2 ol
P = l]LL jims jimn] o ‘:lu o o pium | O jmm § jmm § | jmm | jmm § O L'_I.Lﬁ |? a
Atulnl II ‘ \ml“lv “lr! ) // ] \r\L«’ — ~
‘ ' | g —1000
I - —2000
2000 +172 2
0 500 1000 1500 2000
T L 4l B Field (Gs)
‘ ® = -:.. }g 3000
\ 3 / E —_ 20007 mg m; Ny
it a1 & 1000 — o3z
g | l —— D2 +1/2 + 0
- (MFT) (SFT) (WFT) 2 . F= — D2 A2
. . | — D4 -3/2 172 -
Dissociator D1e 4. D364 H2e 4 H1e3 & F=i b5 /2 12 0
N D24 6. D3¢5 D1¢ 4 2_1000- _— +1/2 -1/2 +1
\ [
» Medium (Strong, Weak) Field Transition ~20007
* Transfer the polarization from electron to nucleus ~30001 e
* Nuclear spin polarized atomic beam B Field (Gs)
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S P ‘ S p‘a ﬂ at ‘ l\/l P a ﬂd Status Principles for Plasma lonizer

* Arc source produces H T+D" > H T+D° Quasi-resonant
- charge exchange
plasma jet with high o =5x10"cm’ @E,, ~10eV B
H % 7 Plasma

density

’ JJF ource

o 2 150 0 G L

A

) - I S Nainay
Storage cell to Polarized = v m
. . o - = —] T < | ' N i i
increase the density Atomic Bea B kel Plasma Jet] fr=sC iy '

of polarized atoms Dipole || EE—"
o Magnet || S =
* Strong magnetic field B :
(> B.) avoid :Door:aBrlezaer: HV pulsed
: . : 25 kv
depolarization during v

the charge exchange

Bly = 50.7 mT,Bl}, = 11.7 mT,
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SPIS plan at IMP and status principles for pass

B,
* Switching on one or two transitions, polarized atomic i
beams in distinct polarization modes can be obtained.
1 2 .. 3 4 5 6 7 8 9 10 11
Polarization mode
H D
1+2+3+4 Atomic beam state 1+2+3+4+5+6
1+2 After the 1st sextupole 1+2+3

- - Transition in MFT - 1(=)4 1(#)4 3[@)4 3[@)4 3[@)4 1(#)4 - -
1+2 1+2 Statse after MFT 1+2+3 2+3+4 2+3+4 1+2+4 1+2+4 1+2+4 2+3+4 1+2+3 1+2+3

- - After the 2ed sextupole | 1+2+3 2+3 2+3 1+2 1+2 1+2 2+3 1+2+3 1+2+3
2[#)a - Transition in SFT - 2[#]6 3(@)5 2[#]6 - - 2[#)6 ()5
1+4 1+2 States after SFT 1+2+3 3+6 2+5 1+6 1+2 1+2 2+3 1+3+6 1+2+5

1(+]4
- 1(#])3 Transition in WFT fd - - - fd - - 3[@)2 -
2(#)3 CE:
6(#])5

1+4 2+3 States after WFT 2+3+4 3+6 2+5 1+6 3+4 1+2 2+3 2+4+5 1+2+5
1+4 2+3 Final states in 1onizer 2+3+4 3+6 2+5 1+6 3+4 1+2 2+3 2+4+5 1+2+5

1 -1 Vector polanzation - 2/3 0 0 1 -1 1/2 - 1/2 - 1/3 1/3

- - Tensor polarizationz 0 1 -2 1 1 - 1/2 - 1/2 -1 -1




SPIS plan at IMP and status

Directed measurement
downstream of SPIS

No need for further
acceleration

Immunity to mixed H,*
in polarization
measurement for D*

More sensitive and
intuitive

Einzel Lens Wien Filter Deceleration  Na Oven

Principles for Lamb shift polarimeter

o HV
SP"‘IF'“erI Metastable

Lens

Atom Detector

(13:3)
Rotation of Spin
Orientation

Polarized
lon Beam

MHYN JVHY

Detection
efficiency: 0.05%
Metastable atoms Metastable:
Ground:

detector

Na Oven
Charge
Exchang

Vv H(1S)

Metastable
Polarized
Atomic Beam

N [PAIN

Transport Efficiency

for a atoms: SO%B

P H(2S).
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» At BRing

* pC polarimeter: fast, relative
* H-jet polarimeter: absolute, slow

* pC polarimeter calibrated by H-jet

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04
-0.05
-0.06

Polarimeter asymmetry

-0.07
5

High-energy Polarimeters

llvlllr[vlvlvw
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13 BB PR WS

[

| : | > I v | A [ . | ) | v I

Asymmetry measured by the pC -
polarimeter when the AGS is rampi

TR

T. Roser, Past, present, and future of =
polarized hardon beams, 2021

| L | ) | L | L | L | L | L |

10 15 20 25 30 35 40 45

Gy

ng

5~10 um wide
3.5 pg/cm?

Carbon fiber -

Courtesy of
B. Gou, IMP
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