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Physics Detector Accelerator
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Spin decomposition:

Quark spin Gluon Spin Quark OAM Gluon OAM

1970s 1980s/2000s Now

Gell-Mann 

quark model

Higgs 

mechanism

Proton  

mass

Mass decomposition:

Quark energy Quark mass Gluon energy Trace anomaly

we need to determine each of the above contributions
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EicC Chinese WP(2020) Physics (2020) EicC English WP(2021) EicC CDR(2024)

Efforts of around 45 institutes and more than 200 physicists
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[1]

[2]

[3]

Observe scattered electron/muon          [1]

Observe current jet/hadron                     [1]+[2]

Observe remnant jet/hadron as well      [1]+[2]+[3]

→ inclusive

→ semi-inclusive

→ exclusive

⚫ QED probe is clean

⚫ αEM ~1/137 with broad Q coverage

⚫ One-photon exchange approximation: 

~1% accuracy

⚫ Detection scale is determined by Q: 

200MeV ~ nucleon size

QED tool to study QCD nature of the nucleon
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Unpolarized PDFs
Polarized PDFs: helicity distribution
Quark/gluon spin contribution to proton spin
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From 1D to 3D for nucleon structure study

Need polarized target and polarized electron beam 



9

Wp
u(x,k

T
,r )  Wigner distributions  (X. Ji)

d2kT

PDFs
f1

u(x), 𝚫f1
u(x), h1

u(x)

GPDs/IPDs

d2kT drzd3r   

TMD PDFs 
f1

u(x,kT), .. 
h1

u(x,kT)
3D imaging

6D Dist.

Form Factors
GE(Q2), 

GM(Q2)

d2rT

dx &

Fourier 
Transformation    

1D

6D Dist.



10

Quark polarization

Unpolarized

(U)

Longitudinally Polarized 

(L)
Transversely Polarized (T)
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Helicity

g1 =

h1 =
Transversity

h1
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Boer-Mulders

h1T
⊥ =

Pretzelosity

g1T =
Worm Gear

h1L
⊥ =
Worm Gear

Survive the kT integration, yield 1D pdfsNucleon Spin Quark Spin
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→TMD: Transversity

→TMD: Sivers

→TMD: Pretzelosity

UT: Unpolarized beam  +  Transversely polarized target
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Sivers function

To be appeared in PLB
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Transversity function

Tensor charge of proton

To be appeared in PLB
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Fragmentation Functions:   Parton → final state identified hadron



18
Quotation from PDG2024

Almost no data below 10 GeV

Great potential at BESIII !

Center-of-mass coverage: 2-5(.6)GeV
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Phys. Rev. Lett. 132, 261903 (2024)

NLO FFs NNLO FFs

Phys. Rev. Lett. 135, 041902 (2025)

Refer to Xiaomin Shen’s talk for more details
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EIC: Initial state is polarized

-How do partons form up a polarized nucleon? 

𝚲 polarization: Final state is polarized

-How do partons form up a polarized Λ? 

Initial state
Final state

origin of nucleon spin VS origin of Λ polarization

Λ serves as its own spin analyzer through the decay Λ0 → 𝑝 + 𝜋−Polarized by device

Aiqiang Guo’s talk will cover our plan for Λ polarization at HIAF 
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Physics Detector Accelerator
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electron

Scattered electron
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Large area Tracker: MPGD + dedicated electronics

PID: DIRC (up to 7 GeV) + RICH (up to 15 GeV)

Potential upgrade: 

DIRC→ high momentum PID

Hyperon-Nucleon Spectrometer EicC detector
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Physics Detector Accelerator



HIAF: H I A F

30

Budget ~3 billion CNY (including civil construction), start from Dec. 2018, 

installation finished in Sept. 2025, located in Huizhou.

December 2018 September 2025
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BRing

iLinac:
Superconducting linac

Length:100 m

Energy: 17-22 MeV/u(U35+-45+)

SRing: 
Spectrometer ring
Circumference: 273m

Rigidity: 13-15 Tm

Electron/Stochastic cooling 

Two TOF detectors

Four operation modes

L: 180m, Bρ: 25 Tm

Fast cycle ring
Circumference: 570 m

Rigidity: 34 Tm

Large acceptance (250/120)

Two planes painting injection

Fast ramping rate（3-10Hz）

HFRS: Radioactive beam line

SECR:
Superconducting 

ECR source

① Low energy nuclear structure 

terminal

② High energy experimental 

terminal

③ High energy fragment separator 

HFRS

④ High precision spectrometer ring 

SRing

⑤ Electron ion recombination 

terminal

⑥ Radioactive ion beam physics 

terminal

2
3

4 5

6

10GeV proton
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Parameter electron proton

Circumference (m) 1151.20 1149.81

Kinetic energy (GeV) 3.5 19.08

CM energy (GeV) 16.76

fcollision (MHz) 100

Polarization 80% 70%

Bunch intensity (x1011) 1.7 1.05

𝜀𝑥, 𝜀𝑦 (nm·rad, rms) 50/15 100/50

𝛽𝑥
∗/𝛽𝑦

∗ (cm) 10/4 5/1.2

RMS divergence (mrad) - 1.4/2.0

Bunch length (cm, rms) 0.75 8

Average current (A) 2.7 1.68

Crossing angle (mrad) 50

Luminosity(cm-2s-1) 4.25 × 1033

EicC

Collider ring 

~1149.07 m

电子对撞环eRing

~ 1151.20 m

Electron ring 

~287.80 m

2.8 GeV ~ 5 GeV

BRing_N ~569.10 m

BRing_S ~ 574.54 m

Proton energy up to 24.85 GeV

eLinac

HIAF

Phase 0-ongoing: HIAF for nuclear physics

Phase 1: HIAF upgrade for applied science

Phase 2: EicC

Proposed in the next “5-year-plan”
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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
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