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Spin and Polarization

Spin ½  :   e  p  Λ … Spin 1  :  Ф J/Ψ …

Vector polarization Vector + Tensor polarization
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Reference frame

e/p …
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z
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Global: polarized beam with a 

global reference frame

Initial beam:

Local:  reference on the production plane 

of the dedicated particle at study

Final state particles:

Global:  relative to a global reaction plan

B

y

x

zbeam

Storage ring

B
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BESIII,  Nature Physics, 15, 631 (2019)

BESIII,  Nature, 606, 64 (2022)

STAR, Nature 548, 62 (2017)

STAR, Nature 614, 244 (2023)

Polarization measurements
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…

General-use spectrometer + polarimeter?



Stable particles -- Spin dependent processes

Proton: elastic scattering on proton or carbon 
Ԧ𝑝 𝑝 → 𝑝𝑝 or Ԧ𝑝 𝐶 → 𝑝𝐶

Photon: gamma conversion
𝛾𝑍 → 𝑒

+
𝑒

−
𝑍

AN ~ few 10% AN ~ 10%

Electron (GeV): Compton or Møller  scattering
Ԧ𝑒 Ԧ𝛾 → 𝑒𝛾 or    Ԧ𝑒 Ԧ𝑒 → 𝑒𝑒

AN ~ few %

Muon: 𝜇 → 𝑒𝜈𝜇 ഥ𝜈𝑒

AN ~ few 10%
θ

Sμ

e
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Spin polarization measurement of p and γ



C

Carbon foil

Ф

Principle of proton polarimeter

Relation between the spin-dependent cross-section of p + p/C scattering and the asymmetries

Widely used as polarimetric reaction to measure proton beam polarization (PSI, TRIMUF, LAMPF, 

COSY, SATURNE, ZGS, KEK-PS, AGS, RHIC …)

More protons to the left: 

Left-right asymmetry

x

y

Transversely 

polarized protons
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Principle of photon polarimeter

Relation between the spin-dependent cross-section of gamma conversion and the asymmetries
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An extra scattering layer serve as polarimeter

➢ Carbon foil

• 0.5-1 mm thickness  ( <1% X/X0 )

• R: 20-30 cm

• Probability: pC / pp , γ-conversion(1E-3)  

• Tiny influence to conventional performance

➢ Position : in-between the tracking devices

• Appliable in all reactions: ee/ep/pp/pA/AA

• Appliable in high energy machines
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Yutie Liang, et. al., Phys. Rev. D 112, L031502

NST in press,   arXiv: 2512.02804

NST in press,   arXiv: 2601.21325



𝝈 = 𝟐. 𝟏𝟔 𝐦𝐫𝐚𝐝 𝝈 = 𝟎. 𝟎𝟒𝟏 𝐆𝐞𝐕 Input: 0.250

Signature of signal/background

Polarization measurementMeasuring track segments
12

Precision measurement of proton polarization

NST in press,   arXiv: 2512.02804



Measurement of photon polarization
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✓ A_out differs from A_in

✓ A dilution table can be compiled

✓ The slope amplifies uncertainty

A_out = f(Eγ, θ γ, …) A_in

arXiv: 2601.21325,  NST in press



Validation and application at BESIII

• Polarized proton at BESIII

• Validation of the concept

• Application at BESIII



BEPCII storage rings: a tau-charm factory

e+e- collider, First collisions July 2008

Beam energy :                   0.92 - 2.475 GeV

Crossing angle:                 11 mrad

Beam energy measurement:   ΔE/E ~ 5*10-5

Design Luminosity:           1*1033 cm-2s-1

Achieved:                          1.1*1033 cm-2s-1

Original unpolarized e+ e- beam

~10-20% (average) transverse polarization 

due to self-polarization
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BESIII detector
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Polarized proton from hyperon decay

T. D. Lee, C. N. Yang Phys. Rev. 108,1645 (1957) 17
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Proton in Λ rest frame Proton in lab. frame

➢ Transverse polarization of proton from Λ decay: Polt ~ 0.59

• Λ unpolarized

• relativistic effect taken into account

Polarized proton from hyperon decay
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Polarized proton from Λ decay

75%



Hyperon pairs at BESIII

Hyperon pairs at BESIII
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Validation and application at BESIII

• Polarized proton at BESIII

• Validation of the concept

• Application at BESIII



Oil (C,H)
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Validation of proton polarimetry at BESIII



Comparison of two configurations

Only pp elastic scattering,  only exclusive processes. pC scattering possible, inclusive possible
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NC : NH ~ 1:2

Np’ : Np ~ 3:1

Oil (C,H)

Signature of proton in Oil
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• Five final state particles: π+ 𝐩  π- p p  are 

measured by the detector. 

• The unmeasured proton: its four momentum റ𝑝
is deduced by the four-momentum constraint:  

റ𝑝 = 𝑒+ + 𝑒− − 𝜋+ − p − 𝜋−

• Polarized proton from 𝜦 decay: 

J/ψ→𝜦𝜦 → π- p π+ 𝐩

• Polarized proton scattering off a proton:
pp → pp indicated by the red arrow,    
with transverse polarization of 59%, scattered    
before entering tracking detector. 

p

π-

Λ

p

π+

𝐩

Λ

p

IP

• pp scattering vertex, indicated by green circle, 

is calculated by VertexFit.
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Validation of proton polarimetry at BESIII



arXiv: 2607.19927 

Beam pipe

Validation of proton polarimetry at BESIII

26



→expected 
PyAN = 0.22±0.01

PyAN = 0.243±0.059

→measured 
PyAN = 0.243±0.059

Validation of proton polarimetry at BESIII

arXiv: 2607.19927  BESIII
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Validation and application at BESIII

• Polarized proton at BESIII

• Validation of the concept

• Application at BESIII
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✓ Nucleon time-like form factors GE/GM

• Absolute value of GE,GM can be obtained from

the cross-section measurement

• Relative phase ΔΦ = ΦM – ΦE , is linked to the

polarization of final state baryon: Px Py

BESIII, Phys. Rev. Lett. 124, 042001(2020)
BESIII, Nature Physics, 17, 1200–1204 (2021)
…

? e-e+
B

B

y

z
x

Time-like EMFF of baryon
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e-e+
B

B

y

z
x

e+e-
→ BB pair includes helicity conserving and helicity flip

amplitudes. The helicity phase of the time-like form factors

GE/GM, ΔΦ = ΦM – ΦE is directly linked to the polarization

of final state baryons Py

If ΔΦ is not 0, the baryon pair will be polarized in the

direction perpendicular to the production plane.

By measuring the polarization of the outgoing baryons, we

obtain valuable information on the baryon structure.

• Hyperons, are easy to measure the polarization with

their self-analyzing power.

• For the other baryons, we need a polarimeter to

measure the polarization of outgoing baryon.

Time-like EMFF of baryon



Relative phase between proton Psionic Form Factors
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e-e+

B

Relative phase between proton Psionic Form Factors
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Relative phase between proton Psionic Form Factors

Λ

p

ΔΦ = ΦM – ΦE 

➢ Two solutions of ΔΦ with sin(ΔΦ)

➢ Measure cos(ΔΦ), possible at future STCF

• Longitudinal polarized electron, measure cos(ΔΦ)

• Measure polarization of p and p，spin correlation
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Application and potentials at H-NS



High-Intensity Heavy Ion Accelerator Facility - HIAF

• p 束流  → p 靶

• p 束流  → A 靶

• A 束流  → A 靶

长期规划：HIAF  → HIAF-U  → EicC近期规划：利用HIAF束流开展高能核物理研究
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Hyperon-Nucleon Spectrometer (H-NS)

High Energy 
Nuclear Physics 
Terminal

MIC6 MAPS

Mag. Field: 1.5 Tesla

Tracker: MIC6, 30X30 μm2, 0.35%X/X0

LGAD: σt ~ 30 ps , 300X300 μm2

Calorimeter: σE ~ 3% @ 1GeV

Polarimeter: nucleon and photon polarization
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p polarization

Λ polarization

Baryon spin structure – polarization of p/Λ

pp → p/Λ + X
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Physics potentials at H-NS

pC scattering ~ 1013   *  4*10-4   = 4*109

proton polarization

?

p p → Λ + X                                          σstat. < 0.01 2D:400 bins 

Λ polarization

p p → p + X                                          σstat. < 0.02 2D:400 bins 

H-NS

Reaction: p+p

Event rate:1MHz 

Time: 3 months

• pp → Λ+X    N ~ 1011

• pp → p+X N ~ 1013

• pp → pKΛ N ~ 1010

➢ Spin structure of baryon?

σstat. < 0.01 

σstat. < 0.02 
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➢ A new probe with proton polarization?

➢ Difficult at STAR, but possible at H-NS

• Global polarization of proton?

Physics potentials at H-NS

H-NS

Reaction: A+A  

Event rate:

Time:

• AA → Λ+X

• AA → p+X

•

➢ Heavy ion physics?



Λp beam: 3-9.3 GeV

p

K+

target

H-NS detector

➢ Potential at H-NS

π-

Polarized experiments at H-NS

target

p

40

p + p → Λ + X p + p → Λ + X

Polarized proton experiment: polarization transfer from beam?

• Average transverse polarization of proton, pol = 0.57

• Polarized proton beam intensity: 1 KHz

• Calibrate the pC analyzing power

Yutie Liang, et. al., Phys. Rev. D 112, L031502
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Hyperon-Nucleon Spectrometer
I. Physics：

➢ Λ production and polarization ( p+p )

◆ Medium effect ( p+A )

◆ Global polarization of Λ hyperon ( A+A )

➢ Hadron physics via p+p

II. Community：

➢ Supports both communities of hadron structure 

and heavy-ion physics

➢ International participations are expected

III. Detector R&D

➢ Many parts are similar for CEPC, H-NS, EicC, 

and STCF. Save resources!

➢ H-NS: a detector R&D platform for EicC(½ EicC)

Participating Institute：近代物理研究所、高能物理

研究所、清华大学、山东大学、北京航空航天大学、

复旦大学、国科大、华中师范大学、华南师范大学、

北京师范大学、香港中文大学（深圳）、中科大、 中

国原子能研究院、中山大学、湖州师范学院、 …

Subsystems：Silicon tracker, AC-LGAD, Target, 

Baryon polarimeter, Calorimeter, Electronics, DAQ, 

Magnet, Beamline, Mechanics + Engineering



Timeline

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

十三五 十四五 十五五 十六五 十七五

HIAF

HIAF-U
EicC

H-NS run

CEE@CSR

EicC

Accelerator

Detector
H-NS 
DEMO H-NS construction

完成谱仪小样机
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Summary

43

Thank You

✓ New concept of general-use spectrometer with polarimeter function

• applicable at all reactions (ee, ep, pp, AA) and in a wide energy range

• almost no impact on the conventional performance, almost negligible expense

✓ Validation and application at BESIII

• Validation performed with polarized proton at BESIII

• First measurement for relative phase of proton EMFF

✓ Potentials of the concept at HIAF

• H-NS with polarimetry function

• Rich spin physics, bridging the future EicC physics
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