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HIAF
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HIAF

Phase 0-ongoing: HIAF for nuclear physics

Ion 
Intensity

(ppp)
Kine_Energy

(GeV/u)

238U35+ 2.0³1011 0.84

238U76+ 5.0³1010 2.5

129Xe27+ 3.6³1011 1.4

78Kr19+ 5.0³1011 1.7

40Ar12+ 7.0³1011 2.3

18O6+ 8.0³1011 2.6

p 5.0³1012 9.3

Å Hyperon -Nucleon 
Spectrometer (H -NS)

Å Focus on Hyperon and 
Nucleon polarization

Å Fix target experiment



HIAF upgrade
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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

‐ȟ‐ (nm·rad, rms) 50/15 100/50

‍ᶻȾ‍ᶻ(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: Nucleon structure

Collider ring 

~1149.07 m

⸗ḑḽή♩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 24.85GeV

eLinac

HIAF

Phase 0-ongoing: HIAF for nuclear physics

Phase 1: HIAF upgrade for applied science

EicC

tǊƻǇƻǎŜŘ ƛƴ ǘƘŜ ƴŜȄǘ άр-year-Ǉƭŀƴέ



Future Experiments at HIAF
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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

HIAF

HIAF-U
EicC

H-NS run

EicC

Accelerator

Detector
H-NS 

DEMO H-NS construction

H- NS DEMO running at HIAF

A smooth transition from H-NS to EicC, in terms of both physics and hardware 



Spin and its polarization
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Ὓ

Reference plane

Polarization: spin of particles in a system is aligned in a preferred direction. 



Spin and its polarization
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ɤ serves as its own spin analyzer through the decay ɤ ᴼὴ “



First observation of polarization
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üHyperons can be produced 

polarized in collisions of 

unpolarized particles 

üDiscovered at Fermilab in the 

1970õs in p + Be collisions: 300 

GeV protons on Beryllium

The origin of polarization cannot be explained under perturbative QCD



polarization measurements
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Puzzle in low energy collisions
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polarization measurements in HIAF
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polarization through 

hadronization 

Zuo-tang Liang, and C. Boros, Phys. Rev. Lett. 79, 3608 (1997); 

PRD 61, 117503 (2000).

H. Dong and Zuo-tang Liang, PRD 70, 014019 (2004); PRD 72, 

033006 (2005).

polarization in 

exclusive processes 

R. Machleidt, K. Holinde and C. Elster, Phys. Rept. 149, 1 (1987).

B. C. Liu, B. S. Zou, PRL 96, 042002 (2006).

polarization measurements cross 
energy region and collision system

ὴὴὃ ᴼɤὢ

ὴὴO ɤὑὴ

Hyperon -Nucleon Spectrometer (H -NS)



An question: Is proton polarized as well?
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pp Ą p K ȿ

pp Ą p + X ???

⁄⁄ẵớᾫṃ╜ ⁄Ḓ‖ק

ḒẴ ᴪ ֫ṵ╜ Ḓ‖ק
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HIAF kinematics coverage
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Allow for a multi-dimensional mapping of the ɤ polarization and production
üBeam energy scan
üpĄp, pĄA, AĄA data taking

3 GeV Ą 9 GeV Ą 20 GeV



Hyperon Nucleon Spectrometer (H-NS)

High Energy 

Nuclear Physics 

Terminal

MIC6 MAPS
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proton beam up to 9.3 GeV  

ion beam up to 4.25 GeV/u

Å p + p

Å p + A

Å A + A

@ event rate ~ MHz



Silicon tracker at H -NS
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ÅMIC6 MAPS pixel chip: development and manufacture with the domestic process

ÅReadout electronics (ITS2 based design) and DAQ (ALICE CRU/FELIX protocol, GBTx, Ü)

ÅDetector assembly and integration:      

ü Vertex detector: Stave module design (spatial resolution: ~ 5 ‘άwith pixel size 30 ‘ά, total material < 

0.35%X/X0 per layer)      

ü Forward tracker: Ladder module aligned to disc super-module (spatial resolution: ~ 5 ‘άwith pixel size 30 ‘ά, 

total material < 0.45%X/X0 per layer)

MIC6 development at CCNU

The Monolithic Active 
Pixel Sensors εMAPSζ



Low Gain Avalanche Diode Detector (LGAD) 
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ÅSensor size : 13001300 50 ˃ m.
ÅSensor with different pad-pitch size: 
ÅLarge pad size/pitch: 100/150 ˃m, 
ÅSmall pad (Strip) size/pitch: 50/75 m˃.

Recent development at USTC:



Momentum and vertex resolution
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reconstruction in H-NS
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PID

PID+Topo.



Baryon polarimeter
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ü Carbon Foil layer

Å ~1 mm thickness

Å Material budget: <1% X/X0

Å Probability: pC (1E-3) 

ü Position : in-between the tracking devices

Y. T. Liang et. al. Phys. Rev. D 112, L031502 (2025)

Determining proton polarization via elastic scattering

C

Carbon foil

ʌ
x

Transversely 

polarized protons

ɗ

5ŜǘŀƛƭŜŘ ƛƴ ¸ǳ¢ƛŜΩǎ 
talk on 26th!



Origin of polarization?
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Å Possible explanation: 
Å Fragmentation? 
Å Spin transfer?

ὴ
ɤ



About nucleon spin structure
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3◄▫◄ Ў♅ Ў╖ ▲︡ ▌︡

Spin decomposition:

Quark spin Gluon Spin Quark OAM Gluon OAM

1970s 1980s/2000s Now

ü We have a framework for the understanding of the spin structure of the nucleon

1988EMC experiment Ąά{Ǉƛƴ ŎǊƛǎƛǎέ

Pion/Kao
n

Electron-ion scatering process



HIAF upgrade

22
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tǊƻǇƻǎŜŘ ƛƴ ǘƘŜ ƴŜȄǘ άр-year-Ǉƭŀƴέ



Unified view of nucleon structure

23

Wp
u(x,k

T
,r )  Wigner distributions  (X. Ji)

d2kT

PDFs

f1
u(x), f1

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.



Highlighted physics topics
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ÁSpin of the nucleon: 1D, 3D 
üpolarized electron + polarized proton/light nuclei

ÁPartonic structure of nuclei and the parton interaction with the nuclear 
environment  
üunpolarized electron + unpolarized various nuclei

ÁExotic states with c/cbar, b/bbar (BESIII community in China)



Highlighted physics topics
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ÁSpin of the nucleon: 1D, 3D 
üpolarized electron + polarized proton/light nuclei

Á

ü

Á

TMD Sivers
Green: Current accuracy
Red: stat. error only
Blue: sys. Error included

1Dpolarized quark distributions



Highlighted physics topics
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Á

ü

ÁPartonic structure of nuclei and the parton interaction with the nuclear 
environment  
üunpolarized electron + unpolarized various nuclei

Á

Nuclear PDFs 

sea quark distribution in Pb at Q2 = 10 GeV2



Highlighted physics topics
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Á

ü

Á

ü

ÁExotic states with c/cbar, b/bbar (BESIII community in China)



The primary physics topic is spin physics, we 

need to explore the DIS, SIDIS, DVCS etc.

Å the scattered electrons provide crucial 

information to most of processes

Kinematics of the scattered electron at various Q2
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Detector Requirements



Detector Requirements

The primary physics topic is spin physics, we 

need to explore the DIS, SIDIS, DVCS etc.

Å the scattered electrons provide crucial 

information to most of processes

Å The hadrons in the final states are essential 

for SIDIS, HF, etc.

Kinematics of the scattered electron at various Q2

29
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The EicC detector



The EicC detector
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Vertex and tracking 
detecter



The 3 rd generation MAPS
Pixel sizeχ~20x20 ʈÍ
Material budget χ0.05%

MPGD
Pitch sizeχ~150 ʈÍ
Material budget χ1%

EicC vertex&tracking detector design

The 1st generation 
Monolithic Active Pixel 
Sensors εMAPSζ
Pixel size χ~ 30x30ʈÍ
Material budget χ0.85%

32



The EicC detector
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PID system



Detectorof InternalReflectionCherenkovlights(DIRC):

DIRC achieve PID through reconstructing their Cherenkov 

angles, by measuring the transit time and exit position/angle

of Cherenkov photons induced by different particles.

ü Consisted of fused silica(n=1.47) as Cherenkov radiator 
and MCP-PMTs as photosensor array  

ü Compact structure as barrel detector

ü!ŎƘƛŜǾŜ оˋ ˉκY ǎŜǇŀǊŀǘƛƻƴ ǳǇ ǘƻ с DŜ±κŎ ǿƛǘƘ ŀƴƎƭŜ 
resolution ~ 1mrad

Reference from PANDA & EIC
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Barrel DIRC for PID

refractive index of synthetic 
fused silicawith n = 1.47

2025/11/16

Reference from άSimulation, Reconstruction, and Design Optimization 
for the PANDA Barrel DIRCέ, 2016



mRICH: Lens-based Focusing Aerogel Detector Design 
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Lens-Based mRICH 
Design

2025/11/16

Å Modular RICHis a Cherenkovdetector based
on aerogelradiator.

Å It usesa Fresnellens to generate focusing
effect to improvepositionresolution.

Å It has compact and flexible structure, and
PIDpowerwith largemomentumcoverage.

focal length 7.62cm (3έύ

Sensor plane



The EicC detector
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ECal



Ecal Design in Simulation

EMC type z/r[m] Length[cm],X0 Coverage[cm] pseudorapidity Tower size

EicC

e-endcap CsI Z=-1.5 30, 16X0 15.0<r<128 (-3.0, -1.0) 4.0*4.0(front)

barrel Shashlik R=0.9 45, 16X0 -105.8<z<187.5 (-1.0, 1.5) 4.0*4.0
(front)Ion-endcap Shashlik Z=2.4 45, 16X0 24.0<r<113 (1.5, 3.0)

üGeneral design of whole Ecal Detector.
üCesium Iodide (CsI) crystalis applied in e-

endcap, Shashlik style is applied in both 
barrel and ion-endcap

üThe actual distances of the two endcaps to IP 
depend on the available space of the EicC
design
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Z=-1.5m +

Z=2.4 m 

R=0.9m

CsI module 

Shashlik module 
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Top level: ROOT, Virtual MC, etc.

Middle level: FairRoot framework 

manages the general infrastructure 

with simulation and tasks

Structure of EiccRoot

EiccRoot: implementation of the 

EicC detector sim. and rec. inside 

FairRoot framework

Simulation framework & software



The performance

Momentum resolution

DCA resolution Primary vertex residual
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Summary

Two experiments are proposed at HIAF:
1. 2027-2035: H-NS, 
Å fix target experiment
Å hyperon and nucleon polarization in pp, pA and 

AA
2. 2035-: EicC: 
Å Polarized election and ion collider
Å Nucleon spin structure

Detector R&D is ongoing!

Thank you for your attention!

H-NS

EicC


