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Electron ion collider in China

• Based on the High Intensity Heavy ion Accelerator Facility (HIAF);
• High luminosity electron-proton and electron-ion collision;
• Provide kinematic coverage to sea quark region.

Ting Lin - Shandong University 2April 2024, Hefei



Detector Design

Far-forward detectors
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• Many physics processes require a detection of final-states with particles at few mrad regions (𝜂 > 4.0);
• Outside the acceptance of the central detector and require detectors integrated with the accelerator beamline. 



Far Forward Detector

Zero degree calorimeter (ZDC):
• Neutrons and photons
• θ < 15 mrad
• 60.0 x 60.0 x 143.5 cm3

• 15m from IP 

Roman Pots (RPs):
• Inside the ion beam pipe
• 5 mrad < θ < 16 mrad
• E ~ Ebeam
• 10m from IP

Off Momentum Detector (OMD):
• Detect charged fragments (spectators) 
• θ < 20 mrad
• 0.4 < p/pbeam < 0.8
• 0.4 m in x, 0.8 m in y
• 15m from IP 
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Endcap Dipole Tracker (EDT):
• Charged particles and photons 
• 15 mrad < θ < 60 mrad
• 2T field, 0.5m in length
• 15mrad bending angle for ion beam
• 4.8m from IP

Spectrum dipole:
• 3.11T field, 1.5 m in length
• Bending ion beam by 70 mrad
• Separation of neutral and charged 

particles;
• 9m from IP



Endcap Dipole Trackers (EDT)
• Four silicon trackers (MAPS, AC-LGAD), and potential compact EM calorimeter (PbWO4)

• Acceptance: 16 mrad < 𝜃 < 60 mrad

• Full 𝜙 coverage for 𝜃 < 35 mrad

• Require gaps for 𝜃 > 35 mrad and −30° < 𝜙 < 30° to allow electron beam pass through
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Roman Pots (RPs)
• Roman pots: 3 silicon trackers (MAPS + AC-LGAD) placed inside the ion beam pipe;

• Small holes in the middie to allow ion beam passes through;

• Two movable L-shape planes, allowing for both high and low luminosity (covering down 

to 5 mrad).
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Off Momentum Detector (OMD)
• Purpose of OMD is for charged spectator tagging

• Envisioned technology: MAPS + AC-LGAD or MPGD + AC-LGAD

• Capable of detector charge particles with 0.4 < 𝑝!/𝑝" < 0.75

Off-momentum detectors
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Zero Degree Calorimeter

𝐏𝐛𝐖𝐎𝟒 detectors:
• For photon detection
• each module 2.2 cm x 2.2 cm x 10 cm
• in total 50.6 cm x 50.6 cm x 10.0 cm

Tungsten+Silicon detectors:
• Imaging calo., pos recon., PID 
• 42 layers, each with 3.5mm W + 320um Si
• Si layer readout 1cm x 1cm for now
• Total size 50.6 cm x 50.6 cm x 22.5cm

Pb+Scintillator detectors:
• Energy measurement for neutron
• Each layer 25.6mm lead + 6.4mm scintillator
• 15 layers with total size of 60cm x 60cm x 48cm
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Zero Degree Calorimeter
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• Preliminary design based on the EIC ZDC;

• Pb+Sci: include simple models for light yield, 
trapping, attenuation, and SiPM efficiency;

• 𝐏𝐛𝐖𝐎𝟒 use simple Gaussian smearing for edep

• No digitization for WSi yet, assume same model for 
PbWO4 for now;



Similarity between UPC and EIC
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Three-Dimensional Imaging of The Proton

• Generalized Parton Distribution functions (GPDs) reveal the correlation of the partons’ transverse spatial distribution and longitudinal 
momentum density;

• Transverse-Momentum-Dependent parton distribution functions (TMDs) encode information on how the momentum of quarks and 
gluons are correlated with the parent hadron properties;

• GPDs and TMD distributions are intimately connected to each other and are unified under the concept of Wigner distributions.
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2023 NSAC Long Range Plan
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Three-Dimensional Imaging of The Proton
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• Image the transverse and longitudinal (2+1d) structure of the nucleon and nuclei;

• Tomography of the nucleon;
• TMD provide access to transverse momenta at non-perturbative scales;

• GPD probe nucleon tomography in the impact parameter space.

𝒌𝑻

𝑺𝒑

𝑷𝒑

TMD Handbook, arXiv:2304.03302 [hep-ph]
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Deeply Virtual Compton Scattering (DVCS)
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• Deeply Virtual Compton scattering (DVCS) is the golden channel measurements for GPDs; 
• Provide access to four chiral-even GPDs and Compton form factors (CFF);

• Asymmetry precision < 1.0  ~ 1.5 % in all kinematic region of DVCS;
• A high-energy proton with small scattering angle produced in the final state

• Mostly detected by RPs and EDT 
April 2024, Hefei
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Meson Structure
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• The Sullivan process provide access to a meson target as t becomes space-like;
• For 𝑒𝑝→𝑒Λ + 𝐾//𝑋, require the Lambda detection, which go mostly forward;

1. neutral channel: Λ→𝑛𝜋", with BR 36%
2. charged channel:  Λ→𝑝𝜋#, with BR 64%

• Advantage for EicC with overall efficiency ~ 40% (EIC 1% ~ 20%).
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L-T Separation
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• 𝜖: ratio of fluxes of longitudinally and transversely polarized virtual photons;

• Need 𝛥𝜀 > 0.2 possible in certain kinematic to extract form factors;

• EIC likely difficult due to much higher energy

• Need 𝜎# to get form factor: 

• Measure two different 𝜎 at 

same Q2 and W
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L-T Separation
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• Use DEMPgen for EIC (arXiv2403.06000);
• Use 2.8×12GeV5 v.s. 3.5×20GeV5

• Encounter some issues at low energy -> Still on trying to understand and test the generator

• Very preliminary estimation at this stage, need much more work.
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Exclusive 𝑱/𝝍 Production

• Exclusive J/ψ production: Gravitational form factor (GFF), proton mass, 
pentaquark states, J/ψ production mechanism

• The measurements at EicC fill the gap between ZEUS and JLab data;

• Excellent acceptance for p and di-leptons.
Ting Lin - Shandong University 17
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FIG. 1. Schematic t�channel diagram of the electroproduc-
tion process ep ! e�pJ/ ! e�pµ+µ� (or epe+e�) The
relevant kinematic variables are labeled besides the lines with
virtuality of photon Q2 = �q2 and four momentum transfer
squared t = (P 0 � P )2. The invariant mass of the photon-
proton system is defined as W =

p
(q + P )2 and the total

c.m energy as s = (p+ P )2.

domain of large photon virtualities and small-t are care-
fully examined as well [22, 27]. The GFFs can be used to
decipher the mechanical properties of nucleon, e.g. me-
chanical radius, pressure and shear force distributions.

A precise measurement of both total and di↵erential
cross sections would be definitely shed light on these is-
sues, particularly considering the di↵erent t-power be-
havior predicted by theories. The state-of-the-art data
are not accurate enough yet for a precise determina-
tion of the physics quantities [28], mainly limited by the
small rates for open and hidden charm photoproduction
at threshold. The Electron-Ion Collider in China(EicC)
[29–31], as a next-generation dedicated experimental fa-
cility, provides a unique opportunity for exploring the
the exclusive production of heavy quarkonium and ex-
otic states in greater depth, which can unveil essential
information about nucleon structure and the dynam-
ics of quark-gluon interactions. Several software pack-
ages, including SARTRE [32], lAger [33], and eSTARlight
[34, 35], are available for simulating vector meson produc-
tion in electron-ion scattering. In this study, we employ
eSTARlight to generate exclusive J/ events, as depicted
in Fig. 1, under the EicC kinematic coverage. This is
achieved through the optimization of the input of photo-
proton cross sections and the rectification of momentum
reconstruction near the threshold.

We organize the rest of the paper as follows. We de-
scribes how to generate the Monte Carlo events by con-
sidering the tracking e�ciencies from a fast simulation
of detector baseline design in Sec. II. We explore the
impact of those pseudo-data on some physics topics in-
cluding GFFs and exotic states in Sec. III. In Sec. IV
we briefly summarize our results.

FIG. 2. The total cross section of the J/ exclusive photo-
production as a function of W under Q2 < 1.0 GeV2. The red
solid line represents the parametrization in Eq. (1). The cyan
points with small error bars represent the projection of J/ 
photoproduction cross section withinW bins at the EicC. The
experimental data are from Refs.[36–45]

.

II. PSEUDO-DATA GENERATION

A. Simulation Setup

The eSTARlight utilizes a parameterization of the pho-
toproduction cross-section of �p ! J/ p as an input of
event generation. The electroproduction cross sections in
electron-proton scattering can be calculated with the help
of photon flux of strong Q2 dependence under equivalent
photon approximation [34, 35]. A form factor is used to
take account of the additional moderate Q2 dependence
of the interaction vertex. The common longitudinal-to-
transverse cross-section ratio in the literature [46, 47] is
used.
Previously, the fitting of the �p ! J/ p was confined

to high-energy data. However, for our objectives, we have
incorporated low-energy regime data using the following
expression [48]:

�(W ) = C0

✓
1� (Mp +M )2

W 2

◆1.5 ✓
W 2

1002 GeV2

◆�
(1)

with proton mass Mp, J/ mass M , and the invariant
mass of the photon- proton system W . The parameters
are determined by a fit to experimental data in the range
of 4.05 < W < 100 GeV, resulting in C0 = 68.95 ± 0.22
nb and � = 0.298 ± 0.810. The fitting results are shown
by the red curve in Fig. 2. The di↵erential cross-sections
are approximated by the exponential function e�bt (see
Eq. A1). The slope parameter b increases logarithmically
with W as inspired by the Regge phenomenology. We
adopt a prescription from a soft dipole Pomeron model
with a double Regge pole in order to describe correctly
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Summary
• The first fully design of EicC far-forward detectors:

• EDT: charged particle and photon with 16 𝑚𝑟𝑎𝑑 < 𝜃 < 60 𝑚𝑟𝑎𝑑

• OMD: charged spectator with 0.4 < (!
("#$%

< 0.8

• RP: charged particle with 𝑝) ~ 𝑝*+,- and 5 𝑚𝑟𝑎𝑑 < 𝜃 < 16 𝑚𝑟𝑎𝑑

• ZDC: neutron and photon with 𝜃 < 15 𝑚𝑟𝑎𝑑

• Essential for a wide range of exclusive + diffractive physics:
• DVCS, TCS, DVMP

• Meson Structure

• Exclusive J/ψ production
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