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ü Introduction

polarized Electron ion collider in China (EicC)

ü Physics Programs in EicC

PDFs,        TMDs,        GPDs,       Proton Mass, 

pi/K structure function,    Hadron Spectroscopy

ü Status of EicC

ü Summary



Å QCD is successful (in general). More than 90% of visible matter in nature governed by 
strong interaction QCD.

Å Exploring the internal structure of the nucleon is one path.

Å But not perfect yet. Some fundamental 
problems to be addressed

Å the origin of the mass and spin.
Å the mechanism for confinement of quarks and gluons.

pQCD

non-pQCD
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Introduction



üspin of nucleon

ü3D structure

ümass of nucleon

üΧ

ÅElectron Ion /ƻƭƭƛŘŜǊ ό9L/ύΣ ǊŜƎŀǊŘŜŘ ŀǎ ŀ άǎǳǇŜǊ 

ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇŜέΣ Ŏŀƴ ǇǊƻǾƛŘŜ ǘƘŜ ŎƭŜŀǊŜǎǘ ƛƳŀƎŜ 

inside the nucleon.

Introduction
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ÅHow to explore the internal structure of the nucleon?



Facilities Landscape

Ƅ ~ 10ṖЇ ~ 1000Ṗ

Ƅ 1000~ 10000Ṗ

Ƅ 1000~ 10000Ṗ

RHIC Č eRHIC

LHC Č LHeCCEBAF Č JLEIC

FAIR Č ENC

HIAFČ EicC
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Superconducting Ion Linac: 
üLength: 180 m 
üEnergy:17 MeV/u (U34+)
üCW and pulse modes 

Booster Ring:
üCircumference: 569 m
üRigidity: 34 Tm
üAaccumulation
üCooling & acceleration

iLinac

SRing

BRing

HFRS

Phase I

ü Two-plane painting injection scheme
ü Fast ramping rate operation
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High Intensity heavy-ion Accelerator Facility (HIAF)

High intensity ion beams 
for atomic physics, nuclear 
physics, applied research 
in biology and material 
science etc.



Location

HIAF

Location of HIAF and EicC

HIAF



SRing

MRing

eRing

IP-1

SRF Linac-ring
3.5-5.0 GeV
Top-up 

BRing

pRing

20 GeV̆ C: 1347 m
Polarized proton

ü pRing: figure 8

ü 2 interaction regions

ü 20GeVp + 3.5 GeVeЇ ╢=16.7GeV

ü HighLumi.Е 2-4 x1033 cm-2s-1

‡

ᵤ ‡
Siberia snake

IP-2

Ion Source

EicC accelerator complex overview
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3.5 -5.0 GeV̆ C: 822 m
Polarized electron



Machine Kinematics
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9ƛŎ/Σ Ҟǎ Υ мр Ϥ нл DŜ±

Å Focus on nuclear physics

Å B-quark hadron production

Facilities Main goals

JLab 12 GeV Valence quark

EicC Valence and Sea

US and EuropeEIC gluon
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1980s

Spin of the Proton

Only ~30% of the proton 
spin from the quark spin, 
based on experiments. now

Sq ~  30% Sp  
[1]      Lq <  70% Sp  

[2,3]             

[1]  EMC, J. Ashman et al., Phys. Lett. B206, 364 (1988).
[2]  Lattice: P. Hagler, Phys. Rept. 490, 49 (2010)
[3]  Lattice: Yi-Bo Yang, R. Sufian, et. A., PRL118, 042001(2017)
[4]  EPJA52, 268 (2016), arXiv: 1212.1701 
[5]  D. Florian, PRL 113, 012001 (2014)

[6]  STAR NPA932, 500(2014),1404.5134 
[7]  PHENIX PRD90, 012007(2014), 1402.6296 
[8]  COMPASS PLB690, 466(2010), 1001.4654
[9]  X. Ji, J. Zhang, and Y. Zhao, PRL111 112002 (2013)



The Longitudinal Spin of the Nucleon

EicC projection with 50 fb-1 lumi.

ü Improving in the low x region

ü High luminosity and large acceptance.

11Q2(GeV2)

Plot Courtesy of Yuxiang Zhao 



The Longitudinal Spin of the Nucleon

EicC SIDS data:

ü Pion(+/-),   Kaon(+/-)

ü ep:   3.5 GeV X 20 GeV

ü eHe-3: 3.5 GeV X 40 GeV

ü Pol.: e(80%), p(70%),

He-3(70%)

ü Lumi: ep 50 fb-1

eHe-3 50 fb-1

12Fragmentation function used: DSS

Preliminary

EicC, precise measurements, 
especially in sea quark region.

Plot Courtesy of Yuxiang Zhao 

EicC Statistic erroronly



3D Structure of Nucleons ςTMDs & GPDs
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Lƴ vǳŀƴǘǳƳ 5ȅƴŀƳƛŎǎΣ ŀ ƪƴƻǿƴ ǇŀǊǘƛŎƭŜΩǎ Ŧǳƭƭ ǎǘŀǘŜ ƛǎ ⱶ●ȟ▓ȟ◄. In particle physics, the spatial 
dimension along the energy transfer direction (i.e., Z-axis) is ignored due to the relativistic effect. 
Also at t=0, it is a 5D space.

TMD   = 
1D Longitudinally Momentum 

+ 2D Transverse Momentum

GPD= 
1D Longitudinally Momentum 

+ 2D Transverse Position



Transverse Momentum Dependent Functions (TMDs)

Ҍ Χ ϒ
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Asymmetries  Ą TMDs

Unpolarized Density Function:

Helicity Function:

Transversity Function:



SIDIS Observables
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ü perform multidimensional 

analyses to disentangle all the 

relevant kinematical dependencies

ü provide hadron identification to 

access the parton flavor

ü large and uniform acceptance 

ü with high luminosity.

p,K

e

ŜΩ

SIDIS:  Detect scattered electrons and 
produced single-hadron in the final state.

Measuring different hadrons, as flavor-tagger 
to probe the internal quark structure of 
nucleons.



EicC projections on Sivers

16

u/d Sivers EicCvsworld data

LO analysis

EicC SIDS data:

ü Pion(+/-),   Kaon(+/-)

ü ep:   3.5 GeV X 20 GeV

ü eHe-3: 3.5 GeV X 40 GeV

ü Pol.: e(80%), p(70%), He-3(70%)

ü Lumi: ep 50 fb-1, eHe-3 50 fb-1

EicC, precise measurements, 
especially in sea quark region.

Preliminary Plot Courtesy of Tianbo Liu

EicC Statistic erroronly



Generalized Parton Distributions (GPDs)
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Eight GPDs for quarksor gluons

üGPDs encode information about the spatial distribution of partonsinside a hadron, 

correlated with their distribution in longitudinal momentum.

üGPD is related to quark angular momentum.

üExclusive reactions, such as DVCS, can get access to GPDs.

[1] X.-D. Ji, Phys. Rev. Lett. 78 (1997) 610.

WƛΩǎ ǎǳƳ rule [1]
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Probe GPD via DVCS

ü Detect the scattered electron, real photon and nucleon.

ü Absolute Cross Section:

22

2 BHDVCS

B

I
dtddxdQ

d
tt

f

s
++´

),,,(
),,(),,( 1

1

1

1
tHidx

x

txH
Pdx

ix

txH
DVCS xxp

x

x

ex

x
t °-

°
=

°
´ ññ

+

-

+

- @

ü Asymmetries with polarized target 
and/or polarized beam: 

-+

-+

+

-
=

++
=

ss

ss

tt
22

BHDVCS I

I
A
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GPD -- EicC Projections

EicC can measure GPD related    
asymmetries: 

ü In high precision 
ü In multi-dimensional bins
üon p and n for flavor separations

Preliminary

Need far-forward 
detection of scattered 
proton.

Integrated Lumi. 50 fb-

1

Plot Courtesy of Qiang Fu and Xu Cao.

EicC Statistic erroronly



Proton Mass

[1] X. Ji, PRL74, 1071 (1995) & PRD52, 271 (1995)

Proton mass decomposition[1]: 

a: related to PDFs, well  constrained

b:      related to quarkonium-proton scattering amplitude M p̞ near-threshold
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Other interesting topics
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üPion/Kaon structure

üHadronization

üHadron Spectroscopy

ü!ƴŘ ƳƻǊŜΧ



EicCdetector conceptual design

Very first design; detector options are open.

22



EicC Status

4 pre-Collaboration meetings 
up to now.

Discussions on: 
physics programs, 
simulations
accelerator, detector.

EicC white paper 
1. Chinese Version by the 

end of 2019,

2. English Version by the 
middle of 2020.

23
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PDFlatticedocument, 
arXiv: 1711.07916

Good agreement between 
extracted moments of helicity 
distributions and lattice 
calculation.

EicC and Lattice QCD

üStart from quantities 
both can do: 
(Un)polarized PDFs 

üComplementary.

ü[ŀǘǘƛŎŜ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǇǊƻǘƻƴ ƳŀǎǎΣ ǎǇƛƴΣ ΧώмΣнΣоΣпϐ

üLattice calculation of TMD parton distributions possible[5,6].

[4]  D. Florian, PRL 113, 012001 (2014)
[5] X. Ji, Phys. Rev. Lett. 110 (2013) 
[6] X. Ji, P. Sun, X. Xiong and F. Yuan, Phys.Rev. D91 (2015)

üAnd more, Χ Χ

[1]  Lattice: P. Hagler, Phys. Rept. 490, 49 (2010)
[2]  Lattice: Yi-Bo Yang, R. Sufian, et. A., PRL118, 042001(2017)
[3]  Lattice: Yi-Bo Yang, etc. arXiv: 1808.08677
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Southern Nuclear Science Computing center(SNSC)

üA specialized computing center for contemporary nuclear physics problems: Experimental and 
Theoretical activities 

üComputing power: 5~10 Petaflops (GPUs dominate  + some CPUs)

üScientific interests: 
ÅLattice QCD

ÅLattice EFT

ÅMachine learning

ÅHeavy-ion physics

ÅLight-front quantization

Ådata analysis (CEE, HIAF, EicCΧύ

ÅỄỄ

üExpected to start running in 2021. 
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Summary

ü EicC has been proposed based on the HIAF facility.

-- polarized electron beam (3.5 GeV) 

-- polarized proton beam (20 GeV)/ion beam (20 GeV/u)

ü High precision measurements for 1D (helicity), 3D (TMDs/GPDs) nucleon structure study 

with flavor separation in the valence and sea quark dominated region.

ü Other interesting physics topics will be delivered as well, not mentioned here in details.

ü Input from Lattice Community will be helpful. 
Welcome to join us!

EicC@impcas.ac.cn



Thank You
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EicCdetector requirements

SIDIS: very general 
requirement.

DVCS: detection 
of proton at 
forward direction. 

Pion/Kaon structure: 
detection of neutron 
at forward direction. 

Χ
Χ



Superconducting Ion Linac: 
üLength: 180 m 

üEnergy: 17 MeV/u (U34+)

üCW and pulse modes 

Booster Ring:
üCircumference: 569 m

üRigidity: 34 Tm

üAaccumulation

üCooling & acceleration

Spectrometer Ring:
üCircumference: 270.5 m

üRigidity: 15 Tm

üElectron cooler

üStochastic cooler

üDeacceleration

iLinac

SRing

BRing

HFRS

Phase I

ü Two-plane painting injection scheme

ü Fast ramping rate operation
30

High Intensity heavy-ion Accelerator Facility



Transverse Momentum Dependent Parton Distributions

f1
q(x, kT), unpolarized, probability

of finding a quark carrying x, and a 

transverse momentum kT .

g1L
q(x, kT), longitudinal polarized.

h1
q(x, kT), transversely polarized.

Ҍ Χ ϒ
31



ü Fragmentation Functions (FF):

VDescribe the process of the struck quark fragmenting into a 

hadron

VCan be obtained from (Ὡ Ὡ Ὤ ὢ) data (e.g., BELLE)

╓ĄUnpolarized FF, ╗ Ą Collins FF

ӶὩ
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‎ᶻ

32

ü Probe TMD using SIDIS
3D Structure of Nucleons
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Present status of TMDs extraction

Sivers Transversity Pretzelosity

Anselminoet al, EPJA39, 89 (2009)
Anselminoet al, PRD92, 114023 (2015)

Lefkyet al, PRD91, 034010 (2015)

Anselminoet al, PRD92, 114023 (2015)

Collins fragmentation function



Transverse Momentum Dependent Parton Distributions

Ҍ Χ ϒ
34

Extract TMDs from asymmetries
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With recent progresses in [5, 6] it is possible to 
calculate the TMD parton distributions with 
Lattice QCD.



Transverse Momentum Dependent Parton Distributions
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Experimental
observables



Generalized Parton Distributions (GPDs)
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X.-D. Ji, Phys. Rev. Lett. 78 (1997) 610.

ĢPD is related to quark angular momentum

Á x Ą Longitudinal quark momentum fraction (not experimental accessible)

Å ɝĄ Longitudinal momentum transfer. In Bjorken limit:  ɝ= xB/(2-xB)

Å t Ą Total squared momentum transfer to the nucleon:   t = (P-Pô)2

Eight GPDs for quarks or gluons



Time Schedule

20~ 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Critical Points

Design

Construction 
and 

Installation

Commissioning

Preliminary design
Conceptual design

Key technology R&D

Approval

Detailed design & prototype

Civil construction

Fabrication

Installation

Sub-system commissioning

Facility commissioning

Operation

Plan Approval Construction Commissioning

Operation

HIAF Timetable
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HIAF -I

EicC ᵩ ↔

ꜗ

7.6GeV/u(U34+)

5.0³1012ppp, 50-100ns

EicC ᵩ

20 GeV C: 1347 m Polarized proton

- pRing

HFRS SRing

MRing

-
eRing

EicC-I

5.0 GeV

BRing

HpRing

60-100 GeV

C: 1.5-2.0 km

HeRing

5-10 GeV

C: 1.5-2.0 km

:

SRF Linac-ring, 3.5-10GeV

EicC-II

39



Lepton Proton

Energy GeV 27.5 920

Intensities mA 60 180x1011

Magnetic field T 0.15 1.5

Acc. voltage MV 130 2

e-polarization % 50 to 70 --

H1

ZEUS

HERMES

HERA-B HERA

PETRA

778 m

6336 m long

D
E

S
Y Polarized Electrons

Protons

H1

ZEUS

HERMES

HERA-B HERA

PETRA

778 m

6336 m long

D
E

S
Y Polarized Electrons

Protons

A Ring-Ring (polarized) Lepton-Proton 
collider with 320 GeVCM energy

1981    Proposal
1984    Start construction
1991    Commissioning, first Collisions
1992 Start Operations for H1 and ZEUS, 

Č1st exciting results with low luminosity
1994 Install East Spin Rotators 

Č Longitudinal polarized leptons for HERMES
1996    Install 4th Interaction region for HERA-B
1999    High Luminosity Run with electrons
2000    High efficient luminosity production:100 /pb/y
2001 Install luminosity upgrade, 

Spin Rotators for H1 and ZEUS
2003 Longitudinal polarization in high energy collisions 
2007    End of a highly successful program

Final luminosity  
(1.5 to 5)x1031 cm-2s-1 Tunnel: 5.2 m diameter

-HERA: EIC 
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ЕERLЇNS-FFAG

: 255GeV/p + 15.9GeV/e

Ὓ=126GeV

֬ :  4.4¦1033 cm-2s-1ï ‡

1.0¦1034 cm-2s-1-‡

↔Е2022-2025Ӑ

-BNL: eRHIC
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