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➢ Efforts towards polarized beams/targets for HIAF
• Polarized ion sources
• Acceleration of polarized beams 
• Beam polarimetry and polarized targets



➢ Selection criteria
• 𝜎 (cross section): large
• AN (analyzing power): large & known

✓measured
✓Calculable

• Figure-of-merit: 𝐅𝐎𝐌 = 𝛔 ∙ 𝑨𝑵
𝟐
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General Principle of Polarimetry

➢Reference reaction 𝒑𝐗 → 𝐘

𝑑2𝜎
𝑑𝜃𝑑𝜑

= 1
2𝜋

𝑑𝜎
𝑑𝜃

× 1+𝐴𝑁∙𝑃∙cos 𝜙

P

𝐀𝐍

larger FOM              higher statistical precision

Azimuthal asymmetry

Analyzing power

Degree of polarization
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Polarimetric reaction search 

calculation w/o hadronic spin flip
N.H. Buttimore et al., Phys. Rev. D 18, 694(1978)

➢ pp and pC elastic scatterings have been widely used as polarimetric reactions 
• at almost all proton accelerators (PSI, TRIMUF, LAMPF, COSY, SATURNE, ZGS, KEK-PS, AGS, RHIC …) 
• in a broad energy range from ~20 MeV to 250 GeV 

Xsc in terms of 3 parameters
• 𝜎𝑡𝑜𝑡: Xsc of pp->anything
• 𝜌: Refn 0 /Imfn 0
• B: nuclear slope

M.M. Block, R.N. Cahn, Rev. Mod. Phys. 57 (1985) 2

𝒑𝒑 → 𝒑𝒑 (CNI)

𝟏𝟎−𝟑 < −𝒕 < 𝟏𝟎−𝟐

➢ Large-angle scattering at low energies
➢ CNI scattering at higher energies

• sizable FOM
• weak energy dependency

cross section analyzing power (CNI)

analyzing power (Large-angle)

FOM
CNI vs LA
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Siberian snakes

Mott polarimeter

Compton polarimeter
Luminosity monitor
by Jinlong Zhang (SDU)

Spin rotators
EicC

Low energy polarimeter

HIAF-EicC

AR

High energy polarimeters

Pol. Ion 
source

Pol. 𝐞−

source

pRing (20 GeV/c)

eRing (3.5 GeV)

BRing-N
BRing-S
(26 GeV/c)

➢ Spin Physics at HIAF

https://indico.itp.ac.cn/e/PBT2026
https://indico.itp.ac.cn/event/380/contributions/2294/
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Proton absolute polarimeter
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polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter

   

Beam ↑ ↓ ↑ ↓

Target ↑ ↑ ↓ ↓

• Identical beam & target particles

• Pbeam =
εbeam

𝐴𝑁
= −

εbeam

εtarget
Ptarget

• Ptarget measured with Breit-Rabi polarimeter

• Left-right asymmetry: 𝜀 =
𝑁𝐿−𝑁𝑅

𝑁𝐿+𝑁𝑅
measured 

with symmetrically placed detectors

Same 𝐴𝑁 for { റ𝑝𝑝 → 𝑝𝑝 +  and  + 
𝑝 റ𝑝 → 𝑝𝑝 +  and  + 

𝑨𝑵 can be self-calibrated with a pol. H target

Pol. H-Jet polarimeter
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polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter

Si-strip
detector

CNI region

• CNI region: −𝑡 ∶ 10−3 − 10−2 GeV/c 2

• Only detect recoil protons (𝐸K): 0.6 − 5.3 MeV

• Two  si-strip detectors covering 𝜃 ≲ 90°

• No need to change the hardware with energy

The polarimeter is energy independent
in the CNI region

Pol. H-Jet polarimeter in CNI Region
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polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter

Si-strip
detector

Pol. H-Jet polarimeter in CNI Region
The H-Jet polarimeter at RHIC 
Precision: 5% in 1 hour
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polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter

Si-strip
detector

The H-Jet polarimeter at RHIC 
Precision: 5% in 1 hour

Pol. H-Jet polarimeter in CNI region at RHIC
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Proton fast (relative) polarimeter
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polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter

~10 mm

~2 mm

BNL data

Polarization profile
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~10 mm

Beam-beam overlap at collider

𝑃𝑝 = 𝑃𝑝(𝑥, 𝑦) ⊗ 𝐼𝑝(𝑥, 𝑦)⊗ 𝐼𝑒(𝑥, 𝑦)

BNL data

Polarization profile

polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter
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~10 mm

Measure 𝑃𝑝
′ 𝑥, 𝑦 with fiber targets

BNL data

Polarization profile

polarized 
atomic 
beam 
source

Breit-Rabi
polarimeter
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ceramic

metal

p-C polarimeter
p-Carbon CNI Polarimetry in the AGS and RHIC

Target box
• Radius: 16 cm

Target frame
• ceramic v plate
• metal holders
• 4 holders (3 carbon + 1 empty)
• 1 left empty for background check
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ceramic

metal

Target box
• Radius: 16 cm

Target frame
• ceramic v plate
• metal holders
• 4 holders (3 carbon + 1 empty)
• 1 left empty for background check

p-C polarimeter
p-Carbon CNI Polarimetry in the AGS and RHIC
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T

P

H-Jet polarimeter  3%  in 8 h

pC polarimeter 2~3 % in 1 min

H-Jet polarimeter pC polarimeter

Target Polarized H gas jet Carbon fiber 

Target thickness ~ 1012 Τ𝑎𝑡𝑜𝑚𝑠 𝑐𝑚2 ~ 1016 Τ𝑎𝑡𝑜𝑚𝑠 𝑐𝑚2

Event rate ~ 60 Hz ~ 2 MHz

Operation continuously ~ 1 min/h

Analyzing power self-calibrated unknown

Role Absolute, slow
Noninvasive

Fast, relative
Polarization profile
Feedback for machine tuning

The RHIC experience will be adopted for EicC

Polarimetry at RHIC
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• A team for polarized ion source, polarized beam acceleration and polarized target
• International collaborations

• International collaboration 

Efforts towards polarized beams/targets at HIAF
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Efforts towards polarized beams/targets at HIAF

ABS Ionizer

LSP

A polarized H+/D+ source already built at IMP

• Intensity: > 1 mA

• Polarization: > 80%

• Repetition frequency: 2-5 Hz

• Pulse width: > 100 us

see talk by Yaojie Zhai at PBT2026

Polarized beam acceleration at HIAF investigated by Minxiang Li et al.
• constant field solenoid Siberian snake:  NIMA 1031, 166405 (2022)
• tensor-polarized deuteron beam:           Phys. Rev. Accel. Beams 28, 094002

https://indico.ihep.ac.cn/event/22189/contributions/196242/
https://www.sciencedirect.com/science/article/pii/S016890022200064X
https://journals.aps.org/prab/abstract/10.1103/99jh-vtd1
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PIT design in progress

PIT design in progress

✓ Preliminary mechanical design

✓ Atomic tracking in sextuple magnet   

✓ Zeeman transition in RF units 

 Financial support received from CAS ☺



Summary
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➢ Tools for spin physics being developed 
• Polarized ion source (built)

• Polarized bam acceleration (investigated)

• Beam polarimetry and pol. gas target (just funded)

➢ Spin physics at HIAF -- a necessary step toward EicC
• Instrument (Siberian Snakes …)

• Expertise and team Thank you!


