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EIC@China Project
ÉIMP Introduction and HIAF Project

ÉEIC@HIAF Project

3 GeV (pol. e) X 12 GeV (pol. p), L= 4x1032

ÉUnique Opportunities for  EIC@HIAF

ü Spin-Flavor Structure (sea quark polarization)

ü 3-d Structure of the Nucleon (GPDs/TMDs)

ü p/K Structure Functions

ü Hadronization/EMC/SRC

ÉCurrent Status and Summary
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IMP and HIAF



Institute of Modern Physics (IMP)

É 1957: The institute of Modern Physics(IMP) was founded. It is affiliated 

with the Chinese Academy of Sciences (CAS) 

É 1991: Heavy Ion Research Facility in Lanzhou (HIRFL). 

É 2007: Cooler Storage Ring (HIRFL-CSR) :  ~2 GeV for p, ~1 GeV/u for 

heavy ion,  up to U

É Research center for low-to-intermediate energy physics in China.

É More than 800  scientists and engineers

É 2011New Proposal: High Intensity Heavy Ion Accelerator Facility (HIAF)



(Physics Today, May 2013) 

China prepares to spend billions (US Dollars) on science & technology 

12th five-year plan: Mid- to long-term projects ranked by priority

1. Ocean-floor scientific survey network

2. High-energy synchrotron test facility

3. Accelerator-driven subcritical reactor research facility

4. Synergetic Extreme Condition User Facility

5. High-flux heavy ion accelerator   ---> HIAF

6. High-efficiency, low-carbon gas turbine testing facility

7. Large High Altitude Air Shower Observatory

8. Future network experimental facility

9. Outer-space environment simulating facility

10. Translational medicine research facility

11. China Antarctic Observatory

12. Precision gravity measurement research facility

13. Large-scale low-speed wind tunnel

14. Shanghai Synchrotron Radiation Facility Phase-II Beamline Project

15. Model animal phenotype and heredity research facility

16. Earth system digital simulator

China National Mid- to long-term projects:

ü12th five-year plan: 2011~2015

ü13th five-year plan: 2016~2020
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Overview of the HIAF Complex

Low energy nuclear  structure 
spectrometer

Low energy RIBs beam station

High precision spectrometer3
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High purity & quality RIBs station

Electron-ion recombination 
resonance spectrometer

High energy irradiation terminal

High-Energy-Density Matter  
terminal 

External target station
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CRring extension
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EIC
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EIC@HIAF Project



EIC@ HIAF Propose 

É Initial goals for HIAF:  

1) Nuclear Physics (rare isotope)

2) high-energy-density matter

3) applications     é

É New: add collision physics ïEIC

Discussions, 2012- 2014: inputs from Chinese and international 

communities 

Phase one: 3 GeV (pol. e) x 12 ~16 GeV (pol. p), L >= 4x1032

Time: significantly before US EIC (5 ~10 years)

ÉMany discussions on China EIC plan:

ü 2ndInt. Conf. on ñQCD and Hadron Physicsò,  March, 2013,  Lanzhou    

ü Symposium on EIC @ China, July, 2013, Weihai, China

strong support for EIC@HIAF
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Luminosity consideration of  EIC
Proton Electron

Beam energy GeV 12 3.0

Collision frequency MHz 500

Particles per bunch 10
10

0.54 3.7

Beam Current A 0.43 3

Polarization % > 70 ~ 80

Energy spread 10
-4

3 3

RMS bunch length cm 2 1

Horizontal emittance, geometric nmÅrad 150 30

Vertical emittance, geometric nmÅrad 50 10

Horizontal ɓ* cm 2 10

Vertical ɓ* cm 2 10

Vertical beam-beam tune shift 0.0048 0.015

Laslett tune shift 0.045 Very small

Luminosity per IP, 10
32

cm
-2

s
-1

4.0

Under considering: Energy: 5 x 25 GeV, Lumi = 1033



Items
1st phase

(100M RMB)

EIC

Budget(100M RMB)

iLinac 0.4+5.1

BRing 3.2 0.1

CRing 3.7 1.9

eLinac 0.5 3.57

ERing 4.0

High energy electron cooling 1.0

Beam transfer line 0.5 0.25

Experiment setups 3.3 3.1 (EIC Detector)

Cryogenics 2.05 1.2

Civil engineering 2.45 1.73

Tunnel construction 1.8 0.9

Contingency cost 0.7 1.3

Total 23.7 19.35

HIAF Budgets
HIAF phase 1: USD$400MЇ+EIC:  extra USD$300M 
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Unique Opportunities for  EIC@HIAF



Lepton-Nucleon Facilities

HIAF: e(3GeV) +p(12~16 GeV), both polarized,  L>= 4*1032cm2/s

12/31

Ţhe energy reach of the EIC@HIAF is significantly higher than JLab12 but lower than 

the full EIC being considered in US

ÇOMPASS has similar (slightly higher) energy, but significantly lower polarized   

luminosity (about a factor of 200 lower, even though the unpolarized luminosity is only 

a factor of 4 lower)

ḨERA only has electron and proton beams collision, but no electron and light or 

heavy ion beams collision, no polarized beams and its luminosity is low (10^31).



EIC@HIAF Kinematic Coverage 

Comparison with JLab 12 GeV

EIC@HIAF : 
Explore the spin and spatial structure of valence & sea quarks in 

nucleons

The best region for studying sea quarks (x > 0.01)

higher Q2 in valance region

Allows some study gluons 
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EIC@HIAFôs Advantages

¸Many aspects of parton structure can be uniquely 

addressed by an EIC, especially an EIC with 

polarization, such as EIC@HIAF

¸The main theme for the future full EIC machines 

(eRHIC, MEIC, LHeC) is to understand the gluons

¸The Phase-I of EIC@HIAF will fill the gap between 

the existing facilities (HERA, JLabé) and future high 

energy facilities

¸EIC@HIAF will provide a broad range of 

opportunities to explore new frontier research of 

QCD dynamics which is key to the visible matter
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Physics Programs at EIC@HIAF

Six golden experiments

1. Nucleon spin-flavor structure (polarized sea, Ds)     

2. GPDs (Deep-Virtual Meson Production, pion/Kaon)

3.TMD in ñsea quarkò region and significant increase 

in Q2 / PT range for valence region

4.Pion/Kaon structure functions in the high-x 

(valence) region

5. e-A to study hadronization 

6. EMC-SRC in e-A
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Unified view of nucleon structure
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EIC ï3D imaging of nucleon structure:
üTMDs ïconfined motion in a nucleon (semi-inclusive DIS)

üGPDs ïSpatial imaging of quarks and gluons (exclusive DIS)



1. Spin-Flavor Study at EIC@HIAF

¸Understanding the spin structure of the nucleon in terms 

of constituent partons, i.e. quarks and gluons, has been 

and still is an essential task of subatomic physics

¸The electron ion collider(EIC) provides unique opportunities to 

study the inner structure of the nucleon, especially the 

polarized distribution functions of sea quarks

¸EIC@HIAF, combination of energy and luminosity̔

Significant improvement for Dubar, Ddbar from SIDIS     

EIC@HIAF

}
Sea Quark Polarization
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Unique opportunity for ȹs



1. Spin-Flavor Study at EIC@HIAF

¸By SIDIS, in particular, for Kaons , EIC@HIAF energy reaches 

the current fragmentation region for Kaon tagging in SIDIS, will 

help to identify strange quark helicity

¸For Ds , one needs to tagging Kaon in the current 

fragmentation region. To separate current fragmentation from 

target fragmentation, it requires high energy. But JLab 12 GeV 

is not high enough to satisfy simple criteria (such as Bergerós 

criteria) to be in the current fragmentation region)  

¸ Increase in Q2 range/precision for g1 (and g2): constraint on Dg   
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Fragmentation Function:

Lepto-production of two hadrons:

üh1 in the current fragmentation 

region

üh2 in the target fragmentation 

region

Due to the complexity in theoretical interpretations, the target fragmentation is 

generally less explored



2. GPD Study at EIC@HIAF̔
Whatõs the use of GPDs?

2. Describe correlations of quarks/gluons

4. Allows access to quark angular momentum (in model -
dependent way)

1. Allows for a unified description of form factors and 
parton distributions

gives transverse spatial distribution of quark (parton) with 
momentum fraction x

Fourier transform in momentum transfer

x < 0.1 x ~ 0.3 x ~ 0.8

3. Allows for Transverse Imaging



2. GPD Study at EIC@HIAF
¸GPDs can be extracted from suitable exclusive 

scattering processes in ep collisions

¸Deeply virtual Compton Scattering (DVCS) and deeply 

virtual exclusive meson production (DVMP)

7/30/2015 20

GPD In the Bjorken limit: Q2>>(-t),Ӝ2
QCD, M2

Meson
DVCS

DVMP


