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Physics Motivation

3Weizhi Xiong

• π/K form factors and structure 
functions are of special interests 
in hadron structure physics
Ø pion: lightest QCD quark system
Ø kaon: replaces one light quark with 

a heavier strange quark

• Important in checking the 
Emergent Hadron Mass (EHM) 
mechanism and the interplay 
between EHM and Higgs Boson 
mechanism
Ø Talk by Prof. Roberts tomorrow 

morning (May 15)
C. D. Roberts, D. G. Richards, T. Horn and L. Chang, PPNP 120, 103883 (2021)
T. Horn and C. D. Roberts. J. Phys. G 43 (2016) 7, 073001
L. Chang  et al. Phys. Rev. Lett. 111 (2013) 14, 141802
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Form factors are essential for our understanding of internal hadron structure 
and the dynamics that bind the most basic elements of nuclear physics

 Pion and kaon form factors are of special interest in hadron structure studies

 Recent advances in experiments: last 5-10 years

 Dramatically improved precision in Fp measurements

 Improved experimental understanding of the meson 
production/reaction mechanism

 Future approved measurements – JLab 12 GeV next 5-10 years

 Fp and exclusive meson studies up to highest possible Q2 – potential to reach 
the regime in which hard QCD’s signatures will be quantitatively revealed

 The pion is the lightest QCD quark system and also has a central 
role in our understanding of the dynamic generation of mass. 

 Exclusive kaon cross sections at low t and possible FK+ extraction

 The kaon is of interest as it replaces one light quark with a 
heavier strange quark. 

Overview

asymptotic

DCSB
RL

Dilation of pion’s wave 
function is 

measurable in Fp

The pion: an enigma within the Standard Model 9

Figure 2. Upper panel. Solid curve – Charged pion form factor computed
in Ref. [83] (rπ = 0.66 fm cf. experiment [41] rπ = 0.672 ± 0.008 fm); long-
dashed curve – calculation in Ref. [84]; and dotted curve – monopole form
“1/(1 + Q2/m2

ρ),” where mρ = 0.775GeV is the ρ-meson mass. In both panels,
the filled-star is the point from Ref. [70], and the filled-circles and -squares are
the data described in Ref. [78]. Lower panel. Q2Fπ(Q2). Solid curve (A) –
prediction in Ref. [83]. Remaining curves, from top to bottom: dotted curve (B)
– monopole form fitted to data in Ref. [56], with mass-scale 0.74GeV; dot-dot–
dashed curve (C) – pQCD prediction obtained from Eq. (2) using the modern,
dilated pion PDA in Eq. (40); and dot-dot–dashed curve (D) – pQCD prediction
computed with the conformal-limit PDA in Eq. (5), which had previously been
used to guide expectations for the asymptotic behaviour of Q2Fπ(Q2). The filled
diamonds and triangle indicate the projected reach and accuracy of forthcoming
experiments [85, 86].

nonperturbative regime. More recent measurements from Belle are consistent with
QCD scaling and do not show a large Q2 enhancement above Q2 ∼ 10GeV2. These
data are in agreement with previous data from CELLO/CLEO [97, 98] and are fully
consistent with the η, η′ transition form factors [99]. The results from Belle also agree
with those from BaBar in the region Q2 < 9GeV2 [100]. A statistical analysis of both
data sets showed that one cannot predict the trends observed at Belle and BaBar
from the other [101]. Additional data on transition form factors and other exclusive
processes are required to reconcile the opposing tendencies observed in the data. We
canvass these and related theoretical issues in Sec. 7.
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Figure 6. Dressed-quark mass function, M(p) in Eq. (10): solid curves – DSE
results, explained in Refs. [167, 168], “data” – numerical simulations of lattice-
regularised QCD (lQCD) [169]. (NB. m = 70MeV is the uppermost curve
and current-quark mass decreases from top to bottom.) The current-quark of
perturbative QCD evolves into a constituent-quark as its momentum becomes
smaller. The constituent-quark mass arises from a cloud of low-momentum
gluons attaching themselves to the current-quark. This is DCSB: an essentially
nonperturbative effect that generates a quark mass from nothing ; namely, it
occurs even in the chiral limit.

αS(k2), there is a critical value of αS(0) above which the magnitude of the sum of
infinitely many diagrams is sufficient to balance the linear decrease of m̂ → 0, so that
the answer is nonzero and finite in this limit, viz.

∃αc
S(0) | ∀αS(0) > αc

S(0),M0(p
2) := lim

m̂→0
M(p2; m̂) ̸= 0 . (23)

The internal consistency of QCD appears to guarantee that the limit is always finite.
In fact, QCD generates a mass-function of the type depicted in Fig. 6.

The scale of the mass-function in Fig. 6 is striking: even the nontrivial chiral
limit solution, which cannot exist perturbatively, reaches a value of roughly 300MeV
at infrared momenta, i.e. one dressed-quark possesses one-third of the proton’s mass.
It follows that the relationship in Eq. (15) is broken by nonperturbative dynamics, so
that

mζ=p2

f

mζ=p2

g

=
Mf (p2)

Mg(p2)
(24)

is not independent of p2: in the infrared, i.e. ∀p2 ! 2GeV2 =: Λ2
χ, it expresses a ratio

of constituent-like quark masses, which, for light quarks, are two orders-of-magnitude
larger than their current-masses and nonlinearly related to them [170, 171]. Plainly,
DCSB is the primary source of the proton’s mass and hence of the vast bulk of visible
matter in the Universe.

The appearance of a dynamically-generated nonzero mass-function in the solution
of QCD’s chiral-limit one-quark problem has additional fascinating consequences, e.g.
Eqs. (21) in general, and Eq. (21a) in particular, acquire an extraordinary character.
These equations mean that the pseudoscalar two-body problem is solved, well-nigh
completely and without additional effort, once the solution to the one-body dressed-
quark problem is known; and, furthermore, that the quark-level Goldberger-Treiman
relation in Eq. (21a) is the most basic expression of Goldstone’s theorem in QCD, viz.



Physics Motivation

4Weizhi Xiong

• A simpler problem in QFT than 
that associated with the nucleon 

• Important test ground for many 
theoritical preditions: Lattice 
QCD, Dyson-Schiwinger method 
and many more:

H. T. Ding et al. arXiv:2404.04412

M. Ding et al, Phys. Rev. D 101 (2020) 054014; 
Z.-F. Cui et al, Eur. Phys. J. A 57 (2021) 5; 
Z.-F. Cui et al, Eur. Phys. J. C 80 (2020) 1064;
T. Nguyen et al, Phys. Rev. C 83 (2011) 062201; 
Chen Chen et al, Phys.Rev.D 93 (2016) 074021; 
Chao Shi et al, Phys.Rev.D 98 (2018) 5, 054029
Lei Chang et al, Phys. Rev. Lett. 111 (2013) 141802; 
Fei Gao et al, Phys. Rev. D 96 (2017) 034024
X. Gao et al, Phys. Rev. Lett. 128 (2022) 142003; 
H.-W. Lin et al, Phys. Rev. D 103 (2021) 014516; 
Z. Fan, H.-W. Lin, Phys. Lett. B 823 (2021) 136778; 
Salas-Chavira et al, Phys. Rev. D 106 (2022) 094510
…

C. D. Roberts, D. G. Richards, T. Horn and L. Chang, PPNP 120, 103883 (2021)
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FIG. 2. The renormalized EMFF of the pion (left panel) and kaon (right panel) are shown as

Q2FM (Q2)/f2
M
. For the case of pion, we include the low Q2 results (filled square symbols) from

Ref. [30] that uses the same lattice setup, as well as the results from F⇡ collaboration [50] extracted

from the experimental data (open triangle symbols). For the case of kaon, we show the results from

two di↵erent lattices with a = 0.076 fm (filled circle symbols) and a = 0.04 fm (open circle symbols).

The blue bands represent the twist two (tw2) pQCD results using the collinear factorization at

NNLO. The purple bands denote the pQCD results obtained within the kT factorization theorem,

which includes higher-twist contributions from Refs. [51–53]; see text. The width of the band

presents the perturbative uncertainty. In the case of the NNLO twist two results, it corresponds

to the scale variation from µ = Q/2 to µ = 2Q and also includes the uncertainties of the conformal

moments of the pion and kaon DA; see text. The green bands show the predictions with the VMD

model by the fit on the lattice data at the low Q2 region; see text. The dashed lines display the

predictions from the DSE [54], BSE21 [55] and BSE24 [56]; see text.

this factorization. At the leading twist, the collinear factorization formula of the form factor

reads

FM(Q2) =

Z 1

0

Z 1

0

dxdy �⇤
M

(y, µ
2
F
)TH(x, y, Q

2
, µ

2
R
, µ

2
F
)�M(x, µ

2
F
), (5)

where TH is the hard-process kernel calculated in perturbative QCD (pQCD). The hard

kernel depends on the momentum transfer Q
2, the factorization scale µF , as well as the

renormalization scale µR at a fixed order of perturbation theory. It has been known up to the

next-to-leading order (NLO) [62–65] for some time. Very recently, the NNLO correction has

become available [37]. The nonperturbative physics is encoded in the meson DA �M(x, µ
2
F
).

Its dependence on µF comes from its anomalous dimension, which is compensated by the
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FIG. 5.22. Left panel–A. Solid blue curve – ⇣ = ⇣5 = 5.2 GeV prediction for pion’s valence-quark DF

drawn from Ref. [104]; and long-dashed black curve, result from Ref. [326]. Dot-dot-dashed (olive-green)

curve within like-coloured band – lQCD result [323]. Data (purple) from Ref. [291], rescaled according

to the analysis in Ref. [292]. Comparing the central prediction from Ref. [104] with the plotted data,

one obtains �
2
/datum = 1.66. Right panel–B. Solid green curve, p = g – Ref. [104] prediction for the

pion’s glue distribution; and dot-dashed red curve, p = S – kindred predicted sea-quark distribution.

Normalisation convention: hx[2u⇡(x; ⇣5) + g
⇡(x; ⇣5) + S

⇡(x; ⇣5)]i = 1. (The uncertainty bands bracketing

the theory predictions are explained following Eq. (5.81).)

Evidently, considering Eq. (5.92), the momentum sum rule is preserved. Adopting a similar pro-

cedure, the model in Ref. [174] yields momentum fractions at ⇣2 that are consistent with these

predictions, viz. [328]: hxi⇡
g

= 0.40, hxi⇡sea = 0.11, despite the fact that the valence-quark DF

therein conflicts with Eqs. (5.69), (5.70).

The glue distribution inferred via data fitting in Ref. [294] is also shown in Fig. 5.20 B. It agrees

semiquantitatively with the prediction on x & 0.05; but is markedly di↵erent on the complementary

domain. In gross terms, it produces a measurably smaller gluon momentum fraction: hxi⇡
g

=

0.35(3). Notably, both glue DFs in Fig. 5.20 B disagree with those inferred in earlier analyses

[329, 330]. These observations serve to stress the need for modern experiments that are directly

sensitive to the pion’s gluon content, e.g. prompt photon and J/ production [51, 331].

The sea DF extracted in Ref. [294] is drawn as the short-dashed brown curve in Fig. 5.20 B. It

produces a large sea momentum fraction, hxi⇡sea = 0.16(1), and di↵ers from the Ref. [104] prediction

on the entire x-domain. Plainly, empirical information on the pion’s sea distribution is sorely

needed. This can potentially be secured through the collection and analysis of DY data with ⇡±

beams on isoscalar targets [51, 332].
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FIG. 6.23. Left panel –A. Solid blue curve – uK(x; ⇣2); dot-dashed green curve – s̄K(x; ⇣2); and long-

dashed gold curve – u⇡(x; ⇣2) from Fig. 5.20 A. Right panel –B. Low-order Mellin moments of kaon valence-

quark DFs compared with those in the pion. The dashed horizontal lines mark the central in-⇡ values.

(The uncertainty bands bracketing the theory predictions are explained following Eq. (5.81).)

with �(⇣) = �2/[�2 + (⇣ � ⇣H)2], � = 0.1 GeV ⇡ Ms(0) � Mu(0), where Mf (k2) is the running

mass of a f -quark. (See Fig. 2.5.) All physical constraints are preserved by Eqs. (6.95); and their

e↵ects are clear: Eq. (6.95a) acts to limit the number of gluons emitted by s̄-quarks and Eq. (6.95b)

reduces the density of ss̄ pairs produced by gluons. Both e↵ects grow with quark quasiparticle

mass di↵erence, �, and diminish as �2/⇣2 with increasing resolving scale.

With splitting functions modified according to Eqs. (6.95), the ↵̂ evolution scheme produces

uK(x; ⇣2), s̄K(x; ⇣2) depicted in Fig. 6.23 A. These DFs yield the following low-order moments in

comparison with those in the ⇡:

⇣ = ⇣2 hxi⇧
q

hx2i⇧
q

hx3i⇧
q

s̄K 0.27(2) 0.108(14) 0.055(09)

uK 0.23(2) 0.085(12) 0.041(07)

u⇡ 0.24(2) 0.094(13) 0.047(08)

. (6.96)

This comparison is drawn in Fig. 6.23 B, which highlights the shifts induced by Higgs modulation

of kaon properties relative to those of the pion, an e↵ect introduced in Fig. 1.1.

Evolution of Eq. (6.94) to ⇣ = ⇣5 is necessary for comparison with results inferred from the data

in Ref. [341], a process which yields the kaon distributions drawn in Fig. 6.24 A. This panel also

depicts the first lQCD computation of s̄K(x; ⇣5) [344]. Evidently, it is significantly harder (more

pointlike) than the continuum result. In fact, the lQCD DF behaves as (1�x)�s̄K , �s̄K = 1.13(16),

incompatible with Eqs. (5.69), (5.70).



Accessing Meson Structure

5Weizhi Xiong

• Elastic scattering of high energy meson 
beam from atomic electron target

• Model independent way to measure 
form factor

• Limited at low Q2, need TeV meson to 
reach Q2 = ~1GeV2

• rπ = 0.657 ± 0.012 fm
• rK = 0.560 ± 0.031 fm

The pion: an enigma within the Standard Model 11

Figure 3. Upper panel. Available data on FK(Q2), the kaon elastic
electromagnetic form factor [102, 103]. Solid (blue) curve – Charged kaon form
factor computed in Ref. [84]. Lower panel. Q2FK(Q2). Solid (blue) curve
– prediction in Ref. [84], which does not extend beyond Q2 = 4GeV2 owing
to weaknesses in the numerical method. The remaining curves depict results
obtained from the hard-scattering formula in Eq. (41) when different kaon PDAs
are used: long-dashed (black) curve – DSE prediction, Eq. (43); dot-dashed (green)
curve – Eq. (45), inferred from lQCD values of the lowest two moments, with the
green band indicating the uncertainty in the prediction for Q2FK(Q2) owing to
the errors on these moments; dashed (black) curve – Eq. (46), obtained from the
long-dashed curve by supposing that the second moment of the PDA is just 10%
larger; and dotted (blue) curve – Eq. (5), the conformal-limit PDA. The filled
diamonds indicate the projected reach and accuracy of data on Q2FK(Q2) that
are anticipated from a forthcoming experiment [113]: two error estimates are
pictured, based on different assumptions about the t- and model-dependence of
the form factor extractions, with the larger uncertainty being conservative.

acceptance, enables precision measurements of cross-sections and L/T separations at
high luminosity (> 1038/cm2s). Such data will provide access to the pion form factor
on a domain of momenta that is nearly four-times larger than that explored hitherto.
QCD backgrounds in these data at high values of Q2 and t, such as those described in
Ref. [114], can be isolated experimentally through measurements of the charged-pion
ratio, as discussed above, or of the neutral-pion cross section. For example, since
the charged-pion t-channel diagram is purely isovector, contamination by isoscalar

T. Horn and C. D. Roberts. J. 
Phys. G 43 (2016) 7, 073001

 At low Q2, Fp+ can be measured directly via high energy elastic p+ scattering 
from atomic electrons

[Amendolia et al, NPB277,168 (1986)]

– CERN SPS used 300 GeV pions to measure form factor up to  Q2 = 0.25 GeV2

– These data used to constrain the pion charge radius: rp = 0.657 ± 0.012 fm

Experimental Determination of the p +
Form Factor

 The maximum accessible Q2 is roughly 
proportional to the pion beam energy

– Q2 = 1 GeV2 requires 1000 GeV 
pion beam

Through p-e elastic scattering

4

Amendolia et al, NPB277,168 
(1986)

Meson Form Factor Meson Structure Function
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FIG. 3.7. Drell-Yan process: with appropriately chosen kinematics [162], meson-nucleon collisions that

produce lepton pairs with large invariant mass provide access to momentum distribution functions within

the initial-state hadrons. (Image courtesy of D. Binosi.)

that are commensurate in magnitude with the strength of the scale anomaly in the solution of the

gluon and quark one-body problems, i.e. accounting for the number of valence quasiparticles, on

the GeV scale. The combination of outcomes described here resolves the dichotomy expressed by

the union of Eqs. (1.12) and (1.13) and its analogues.

3. PION AND KAON DISTRIBUTION AMPLITUDES

A. Essentials of Light-Front Wave Functions

If one seeks to describe a given hadron’s measurable properties in terms of the probabilities

typical of quantum mechanics, then the hadron’s LFWF,  H(x,~k?; P ), takes a leading role. Here

[158, 159]: P is the total four-momentum of the system, x is the light-front longitudinal fraction of

this momentum, and ~k? is the light-front perpendicular component of P . In principle, this LFWF

is an eigenfunction of a QCD Hamiltonian defined at fixed light-front time and may be obtained by

diagonalisation thereof [160]. It is also invariant under Lorentz boosts [158, 159]. This means that

when solving bound-state scattering problems using a light-front formulation, one never encounters

compressed or contracted objects [161]. As an example, the cross-section for the meson+proton

Drell-Yan (DY) process illustrated in Fig. 3.7 is the same whether the proton is at rest or moving.

A primary obstacle on the path to a direct computation of a hadron’s LFWF is the need to

construct a sound approximation to QCD’s light-front Hamiltonian. This is made complicated

by, inter alia, the necessity of solving complex constraint equations along the way [163]. The

challenge is amplified if one elects to tackle the problem of expressing  using a partonic basis,

maintaining a connection to perturbative QCD, in which case a Fock-space decomposition of the

LFWF is typically introduced. The coe�cient function attached to a given n-particle basis vector

in that expansion represents the probability amplitude for finding these n partons in the hadron

with momenta {(xi, k?i) | i = 1, . . . , n}, constrained by requiring conservation of total momentum.

As noted above, such methods have not yet succeeded in describing EHM in QCD’s gauge and

C. D. Roberts, D. G. Richards, T. Horn and 
L. Chang, PPNP 120, 103883 (2021)

• Drell-Yan process: quark-antiquark 
annihilation between pion’s and proton’s, 
virtual photon decays into lepton pair

• Information about the quark-gluon 
momentum fractions

83

cross-sections would provide an important tool for the study of the onset of factorisation in the

transition from the hadronic to the partonic regime [471] and provide a possibility to study e↵ects

related to SU(3)-flavour symmetry breaking, viz. Higgs-induced modulation of EHM. The L/T-

separated cross-sections of pion data simultaneously collected at Q2=0.5, 2.115, and 3.0 GeV2 can

provide further constraints on the pion form factor.

C. Empirical Information on Parton Distribution Functions

Experimental knowledge of the partonic structure of the pion is very limited owing to the lack

of a stable pion target; and the situation is far worse for the kaon, with data limited to less than

10 points of data worldwide. Most of the current knowledge about the pion structure function

in the valence region was obtained primarily from pionic DY scattering (0.2  x  0.99), and in

the pion sea region at low Bjorken-x, from hard di↵ractive processes measured in e � p collisions

at the Hadron-Elektron-Ringanlage (HERA) H1 and ZEUS experiments (3 ⇥ 10�4  x  0.01).

These processes are complementary methods to probe the partonic structure of pions (and kaons).

However, at present there is no overlap between the data sets obtained with the two di↵erent

techniques. Past and anticipated measurements are listed in Table 9.5.

Pionic DY scattering data were collected by the NA3 [287], NA10 [288], and WA39 [286] col-

laborations at the CERN Super Proton Synchrotron (SPS) and by the E615 [291] collaboration at

Fermilab. In these experiments one measures a lepton pair produced from hadron-hadron inelastic

collisions in the region s ! 1, Q2/s finite, where Q2 (s) is the invariant mass-squared of the

lepton pair (the initial hadrons). In the CERN SPS experiments, muon pairs were produced by

charged meson beams of energies 200 GeV/c (⇡+) and 150-280 GeV/c (⇡�) incident on a heavy

target (platinum, tungsten). DY scattering data using ⇡� beams were acquired by NA10, while

data with both ⇡+ and ⇡� beams were acquired by NA3 and WA39. The muon events were

analyzed in a magnetic spectrometer. Charged hadrons from the colliding beams were identified

with di↵erential (negative charge) or threshold (positive charge) Cherenkov counters. Events were

selected by the muon pair mass and angle to distinguish from the resonance region, secondary

interactions in the target, and misidentified J/ events produced by asymmetrical di-muons.

The LO DY cross-section for a pion interacting with a nucleon can be written,

d2�

dx⇡dxN

=
4⇡↵2

em

9M2
�

X

q

e2
q
[q⇡(x⇡)q̄N(xN) + q̄⇡(x⇡)qN(xN)] (9.153)

where ↵em is the QED fine-structure constant, the sum is over quark flavour, q⇡ (qN) is the

PDF for quark flavour q in the pion (nucleon), eq is the charge of the quark (in units of the

positron charge), M� is the mass of the virtual photon, and x⇡ (xN) is the momentum fraction

(Bjorken x) of the interacting quark in the pion (nucleon). Using symmetry arguments, the cross-

section can be expressed in terms of the pion and proton DFs. The pion valence distribution was

extracted from global analyses at LO and NLO using available DY data. In the global analyses,



Accessing Meson Structure - Sullivan Process
Sullivan processes at small t (<0.6/0.9 GeV2) is sensitive to pion and kaon structures.

Exclusive processes for meson 
form factor measurements.

Leading baryon semi-inclusive 
deep inelastic scattering 
processes for meson structure 
measurements

Essential processes to access 
meson structures at JLab, EIC 
and EicC

6Weizhi Xiong

Pion Form Factor (FF)

Pion Structure Function (SF)

Kaon Form Factor (FF)

Kaon Structure Function (SF)



Electron-Ion Collider in China (EicC)
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• Nominal beam energy setting and luminosity
Ø 3.5 GeV electron x 20 GeV proton, with luminosity 4.25 x 1033 s-1 cm-2

Ø Center of mass energy: 16.7 GeV

• 50 mrad crossing angle

• Polarized e and ion beams
Review article

Fig. 1.7 Kinematic coverage of deep inelastic scattering pro-
cess for different beam energy configurations at two proposed
electron ion colliders as well as JLab. Note that there are other
energy configurations for both electron ion colliders, as shown
in Fig. 1.6.

EicC at a crucial place between JLab and EIC-US to
unambiguously interpret and determine the orbital
angular momentum contributions, hence providing a
comprehensive 3-D imaging for the sea quarks inside
a nucleon .

• Proton mass decomposition. Electroproduction
and photoproduction of heavy quarkonia near thresh-
old have been proposed to study the proton mass de-
composition. EicC can contribute these important
physics uniquely, through systematically investigat-
ing the Υ production with high luminosity near its
threshold, where the optimal energy range of EicC is.
Because of the 3 times larger mass of Υ, the physics
behind the measurement becomes much cleaner as
compared to that of J/ψ production at JLab 12GeV.
Because of different kinematic coverage, EicC and
EIC-US will be complementary to each other for Υ
near-threshold production.

• Exotic hadron states. Both EicC and EIC-US
can contribute to understanding the challenge posed
by the unexpected XY Z structures in the heavy-
quarkonium mass region. The hidden-charm pen-
taquarks observed at LHCb need independent confir-
mation, and their hidden-bottom analogues are hard
to be found at LHC but can be sought at EicC and
EIC-US. The events of these states at EIC-US are
expected to be more than those at EicC due to the
larger energy and higher luminosity. For exclusive
productions of exotic hadrons, the final state particles
at EicC are within the middle rapidity range, facili-
tating the detection with relatively low background.

• Partonic structure in nuclear environment.
Nuclear modification of the structure functions and
hadron production in deep inelastic scattering eA col-
lisions are major focuses at both EIC-US and EicC.
The kinematics at EicC provide a unique perspec-

tive to investigate the details of fast parton/hadron
interactions with cold nuclear matter and shed light
on energy loss and hadronization mechanisms. New
information on the parton distribution in nuclei can
be achieved at EicC at moderate x, whereas EIC-US
concentrates in the small-x region.

Chapter 2 EicC physics highlights

2.1 One-dimensional spin structure of nucleons

EicC will enable us to study the one-dimensional struc-
ture of the nucleons in various aspects, and to a great ex-
tent help search answers to many fundamental questions
concerning the structure of nucleons with unprecedented
precision. In particular, through a large amount of data,
EicC can provide us the direct and precise information
regarding the distributions of valence quarks, sea quarks,
and gluons inside nucleons in the moderate and large x
regime. Furthermore, it can reveal the internal landscape
of nucleons and deepen our understanding of their struc-
ture, and give us excellent opportunities for important
discoveries in high energy nuclear physics. In addition
to the physics significance by themselves, accurate parton
distribution functions are extremely important for the pre-
cision study of particle physics and the exploration of new
physics at the Large Hadron Collider.

How to understand the spin of protons in terms of the
quark and gluon degrees of freedom has been an impor-
tant cutting-edge research problem in high energy nu-
clear physics. In the 1980s, the EMC collaboration [35]
used a muon beam as a probe, and found that the sum
of the spin contributions of all quarks inside the pro-
ton is very small comparing to the spin of the proton:
∆Σ = ∆u+∆d+∆s = 12%±9(stat)%±14(syst)%. This
measurement has then precipitated the so-called “proton
spin crisis” in nuclear physics research. The current un-
derstanding of the structure of the proton spin is that
the spin of proton consists of the spin contributions from
quarks and gluons, and the orbital angular momenta of
quarks and gluons. In addition to the spins of the va-
lence quarks, many experimental results show that the
sea quarks inside the proton also have non-zero spin con-
tributions. Nowadays, the pressing issue is that the cur-
rent measurement of the sea quark spin distribution is not
particularly accurate. Through the double polarized col-
lision processes, the spin distribution of different flavors
of sea quarks can be precisely measured at the EicC, and
elaborate experimental analysis on the spin distribution
of sea quarks can be carried out, which will help to fur-
ther study the spin structure of nucleons and enrich our
understanding of non-perturbative properties of quantum
chromodynamics.

With its designed high luminosity, EicC can generate

64701-10 Daniele P. Anderle, et al., Front. Phys. 16(6), 64701 (2021)

EicC white paper



EicC Central Detector

8Weizhi Xiong

𝜂 < 3.0~3.5



Current Design for EicC Far-Forward (FF) Region
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Interaction point and 
the central detector



Current Design for EicC Far-Forward (FF) Region
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Electron going directionIon going direction



Current Design for EicC Far-Forward (FF) Region
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Electron going directionIon going direction

Three quadrupole magnets: 
used for ion beam focusing

Two dipole magnets: 
used for charged particle tracking 
and e-ion beam separation



Current Design for EicC Far-Forward (FF) Region
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Endcap Dipole Tracker (EDT):
• Detect charged particles and photons with 

15mr < θ < 60mr around ion beam

Roman Pot Station:
• Located inside the ion beam pipe
• Positive Charged particle with E ~ Ebeam
• 5 mr θ < 16 mr around ion beam

Zero degree calorimeter (ZDC):
• Neutrons and photons with θ < 15 mr 

around ion beam

Off Momentum Detector (OMD):
• Detect positive charged fragments 

(spectators) with 0.4 < p/pbeam < 0.8



Meson Structure Measurement with EicC

EicC

ECal Pixel + MPGD

p e

Coil ECal

ToF DIRC RICH FWD

• Scattered electron and meson very 
well covered by central detector

• Acceptance and resolution studied 
extensively for central detector, fast 
simulation exist
Ø Eff. > 95% for both particles 

e-

𝝅/𝑲

3.5 GeV (e) x 20 GeV (p)

𝒆𝒑→
	
𝒆′𝑲!𝚲

𝒆𝒑→
	
𝒆′𝝅!𝒏

𝒆𝒑→
	
𝒆′𝝅!𝒏

𝒆𝒑→
	
𝒆′𝑲!𝚲
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Meson Structure Measurement with EicC

EicC

ECal Pixel + MPGD

p e

Coil ECal

ToF DIRC RICH FWD

• “Spectator” neutron and 𝚲 move very close to the 
initial p-beam, very difficult to detect, need far-
forward detectors

• Pion FF and SF require ZDC for neutron detection
• Kaon FF and SF need all detectors in far-forward 

region for 𝚲	:
Ø 𝚲→

	
𝝅𝟎𝒏 with 36% chance (neutral decay)

Ø 𝚲→
	
𝝅"𝒑 with 64% chance (charged decay)

e-

𝝅/𝑲

𝒏/𝚲

50 mr crossing 
angle

50 mr crossing 
angle

3.5 G
eV (e) x 20 G

eV (p)

𝒆𝒑→
	
𝒆′𝑲!𝚲

𝒆𝒑→
	
𝒆′𝝅!𝒏

14



Neutron Detection for Pion FF and SF
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• Main detector for neutron is ZDC:
• 15 mrad acceptance around the ion beam
• Nearly 100% accept rate for neutrons of interest
• Energy resolution : 1.9% + 48.5%/sqrt(E [GeV])
• Position resolution : 2.4 mr /sqrt(E [GeV]) 
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∆

 / ndf 2χ  5.398 / 4
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 / ndf 2χ  5.398 / 4
p0        0.2819± 1.881 
p1        1.197± 48.52 
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50%
𝐸

1.9% +
48.5%

𝐸

15 mr



𝚲 Detection for Kion FF and SF (Neutral Channel)
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• 𝚲→
	
𝝅𝟎𝒏 with 36% branching ratio

• Neutrons only detected by ZDC (15 mr 
acceptance)

• Photons can be detected by ZDC, 
EDT-ECal and EMCal on central 
detector ion endcap

EicC

ECal Pixel + MPGD

p e

Coil ECal

ToF DIRC RICH FWD

ECal (1
5 mr) 

HCal 

EDT-ECal (20-60 mr) 

η < 3 



𝚲 Detection for Kion FF and SF (Charged Channel)
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• 𝚲→
	
𝝅"𝒑 with 64% branching ratio

• 𝜋" can only be detected by EDT (16 – 60 mr)
• Proton will be detected by EDT, Roman pots 

(~5-16mrad) as well as OMD

• EDT resolution: ~0.6% for p, 0.2mr for θ
• RP resolution: ~6.0% for p, 1.2mr for θ

Off-momentum detectorsEDT trackers

Roman pot



Forward Λ Detection

18Weizhi Xiong

• Crucial for kaon form factor and structure-function study using Sullivan 
process: 𝑒𝑝→

	
𝑒Λ𝐾2/𝑋

• Λs go mostly forward, as well as their decay products
• Potentially very good complementary to EIC kaon structure measurement 

Ø Most Λs decay before reaching far-forward region
Ø Probably much better acceptance for charged decay channel
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Forward Λ Detection
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• Λs go mostly forward, 
as well as their decay 
products
1. neutral channel: 

Λ→
	
𝑛𝜋#, with BR 36%

2. charged channel:  
Λ→
	
𝑝𝜋", with BR 64%

• Require all FF 
detectors work 
collectively

Ø overall efficiency：
~ 40%



Ø Generally, one can apply L-T separation (like JLab) and isolate σL, where the meson factors live

 

 

Meson From Factor Extraction
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A. JLab data and analysis

As an example of what is feasible at JLab, we present some results from the recently com-

pleted E01-004 (Fpi-2) experiment [24]. This experiment measured Fπ with the HMS+SOS

spectrometers in Hall C.

The cross section for pion electroproduction can be written as

d3σ

dE ′dΩe′dΩπ
= ΓV J(dtdφ → dΩπ)

d2σ

dtdφ
, (2)

where ΓV is the virtual photon flux factor, J is the Jacobian that transforms the virtual

photon cross section from t, φ to the pion solid angle, φ is the azimuthal angle of the outgoing

pion with respect to the electron scattering plane and t is the Mandelstam variable t =

(pπ − q)2. The two-fold differential cross section can be written as

2π
d2σ

dtdφ
= ϵ

dσL

dt
+

dσT

dt
+

√
2ϵ(ϵ + 1)

dσLT

dt
cos φ

+ϵ
dσTT

dt
cos 2φ. (3)

The cross sections σX ≡ dσX
dt depend on W , Q2, and t. The longitudinal cross section

σL at small −t is dominated by the t-pole term, which contains Fπ. The φ acceptance of

the experiment allows the combination ϵσL+σT, and the interference terms σLT and σTT

to be determined. Data at least two energies are required at every Q2, so that σL can be

separated from σT by means of a Rosenbluth separation. The kinematics used in the two

JLab experiments are listed Table I.

In parallel kinematics, it is not possible to hold W and Q2 fixed, and still vary −t, since

in this case they are not independent variables. In order to measure the dependence of σL

versus t, to test the success of the Regge model and aid in the extraction of Fπ, θπ was varied

away from parallel kinematics. In this case, the LT and TT terms also contribute, and so

additional data at ±3o from parallel kinematics were obtained to complete the φ-coverage at

the high ϵ setting (where the pion arm was at sufficiently large angle to allow this). These

response functions were obtained from the φ dependence of the data, and incorporated in

the extraction of σL (Fig. 5).

Fig. 6 shows the L and T separated cross sections from E01-004, plotted versus −t. This

dependence on −t was obtained by making full use of the acceptance of the spectrometers.

It is seen in Fig. 6 that that the Regge model predictions are in good agreement with the σL

data, but do not agree well with the σT data. However, since σL is dominated at small |t| by

the t-channel process, other processes should have only limited influence on the extraction

of Fπ from σL. This was checked by varying the ρ trajectory cutoff parameter, Λρ. While

this caused a large change in the prediction for σT , σL was nearly unaffected. The Fπ values

at the two Q2 were obtained from the best fit values of Λπ and equation 1.

11

Extraction of Fp from L Jlab data

 JLab 6 GeV Fp experiments used the 
VGL/Regge model as it has proven to 
give a reliable description of L across a 
wide kinematic domain

o Feynman propagator replaced by p
and  trajectories

Fit of L to model gives Fp at each Q2

22 491.0,513.0 GeVLp

2
pmt 

[Vanderhaeghen, Guidal, Laget, PRC 57, (1998) 1454]

o Model parameters fixed by pion 
photoproduction data

o Free parameters: 22 , p LL

22
2

/1
1)(

p
p L+


Q

QF

22 7.1 GeVL

[Horn et al., PRL 97, (2006) 192001]
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TABLE IX: Anticipated systematic errors based on our Fpi-2 experience. The uncorrelated errors
between the low and high ϵ settings are given in the first and second columns. The uncorrelated
errors dominate the final error on Fπ and have been conservatively estimated. The equivalent
values determined in the Fpi-2 experiment are also listed, for comparison. The point-to-point
uncertainties are magnified by 1/∆ϵ in the L/T separation. The t-correlated uncertainties also
suffer magnification. The scale uncertainties propagate directly into the separated cross sections.

Type of systematic uncertainty
pt-to-pt t-correlated scale

Source (%) (%) (%)

Acceptance 0.4 0.4 1.0
Target Thickness 0.2 0.8

Beam Charge 0.2 0.5
HMS+SHMS Tracking 0.1 0.1 1.5
Coincidence Blocking 0.2

PID 0.4
π Decay 0.03 0.5

π Absorption 0.1 1.5
Monte Carlo Generator 0.2 1.0 0.5
Radiative Corrections 0.1 0.4 2.0

Offsets 0.4 1.0

Quadrature Sum 0.6 1.6 3.3

Fpi-2 Values 0.9 1.9 3.5

XI. PROJECTED ERROR BARS AND BEAM TIME ESTIMATE

To a good approximation in our kinematics, σL ∝ F 2
π , so we need to first estimate the

error on σL. Two measurements at fixed (Q2, W ) and different values of ϵ are needed in

order to determine σL. Thus if σ1 = σT + ϵ1σL and σ2 = σT + ϵ2σL then

σL =
1

ϵ1 − ϵ2
(σ1 − σ2).

Assuming uncorrelated errors in the measurement of σ1 and σ2, we obtain the intermediate

expression
∆σL

σL
=

1

(ϵ1 − ϵ2)

1

σL

√
∆σ2

1 + ∆σ2
2.

and by defining r ≡ σT /σL and ∆σ/σ ≡ ∆σi/σi and assuming ∆σ1/σ1 = ∆σ2/σ2, then

∆σL

σL
=

1

ϵ1 − ϵ2

∆σ

σ

√
(r + ϵ1)2 + (r + ϵ2)2.

33
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Ø Measure two CS at same Q2 and W, and solve for σL and σT
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suffer magnification. The scale uncertainties propagate directly into the separated cross sections.
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Ø 𝛥𝜀 amplifies uncertainty, ideally need 𝛥𝜀 > 0.2 (need small 
center-of-mass energy), difficult for EIC

Ø Alternatively, one may also use models to isolate σL (with 
additional uncertainties)

Ø L-T separation possible at EicC, but definitely not the entire kinematic region 



Event Generator for Pion FF

e
e

Pion form factor measurement

To write an event generator and to estimate the statistics, we 
adapt the π-pole model for the differential cross-section:

Pion pole and
pion form factor

21Weizhi Xiong

Previous pion FF projection study done by 
Rong Wong from IMP



Event Generator for Pion FF
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Ø Use DEMPgen for EIC (arXiv2403.06000)
1. Regge-based p(e,e’π+)n model of T.K. 

Choi, K.J. Kong, B.G. Yu (CKY) 
 (J. Korean Phys. Soc. 67 (2015) 7, 1089-1094)

Ø Encounter some issues with the 
generator at lower energies

Ø Developmental group (Prof. G. Huber, 
L. Preet, S. Kay and W. Li) been very 
helpful and provided fixes very quickly
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FIG. 3: (Color online) Differential cross sections at forward angles −t < 1 and Q2 up to 4 GeV2. The solid line results from the
present work with Λπ = 0.65 GeV and Λ = 1.55 GeV. Notations are the same as in Fig. 2 for the dotted line with Λπ = 0.68
GeV and the dashed line with Λπ = 0.655 GeV. Data are taken from the Fπ-1 [16] (squares), Fπ-2 [1, 17] (triangles), and π-CT
[2] (circles) experiments at JLab.

which is parameterized as a monopole-type from the vec-
tor meson dominance. The cutoff mass is, therefore,
Λπ = mρ, which is somewhat larger than Λπ = 0.71 GeV
fitted to the measurement of the on-shell form factor in
the elastic eN scattering process. In the γ∗p → π+n pro-
cess, however, the pion exchange proceeds via off-shell
propagation; we, thus, consider Λπ to be a fitting pa-
rameter to be varied in the range 0.6∼ 0.8 GeV in this
work.

The proton exchange in the s-channel, though added
to restore gauge invariance, plays a role in the transverse
cross section dσT /dt, which corresponds to photoproduc-
tion of π+ at the photon point Q2 = 0. It is reasonable to
assume N∗ contributions in the resonance region [5, 6].
The Q2 dependence of the proton form factor, called the
Dirac form factor, F1(Q2) is determined from the Sachs
electric and magnetic form factors GE(Q2) and GM (Q2)

by using the relation

F1(Q
2) =

GE(Q2) + τGM (Q2)

1 + τ
, (16)

where τ(Q2) = Q2/4M2
P and F1(0) = 1. In the measure-

ment of the on-shell form factors of a nucleon, GE(Q2)
and GM (Q2) are applied and parameterized as

GE(Q
2) = GD(Q2) , GM (Q2) = µpGD(Q2), (17)

where

GD(Q2) =
(
1 +Q2/Λ2

1

)−2
(18)

of the dipole type with Λ2
1 = 0.71 GeV2 fitted to the

empirical data [11]. GE(0) = 1 and GM (0) = µp = 2.793
normalized for the proton state. As mentioned in the
beginning, we adopt in this work the proton charge form

(J. Korean Phys. Soc. 67 (2015) 7, 1089-1094)



Pion FF Projections
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• In hard scattering regime, QCD 
scaling predicts 𝜎" ∝ 𝑄#$,  
𝜎% ∝ 𝑄#&

• CKY model also predict 𝜎" ≫
𝜎% at high enough Q2 and W2

• At the moment, assume 
conservatively 100% 
uncertainty in R = σT/ σL from 
model subtraction

• In reality, uncertainty of R 
maybe better controlled by 
board kinematic coverage and 
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Pion FF Projections
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• energy setting: 3.5 GeV e x 20 GeV p

• Integrated luminosity: 50 fb-1

• Include full detector acceptance

• 100% uncertainty in R = σT/ σL from 
model subtraction

• 2.5% point-to-point syst. uncertainty 
12% scaling syst. uncertainty

• Projection for kaon FF on-going, have 
DEMPgen and CKY model to kaon

arXiv2403.06000



leading neutron
of large rapidity

pion flux
pion SF

G. Xie et al., Chin. Phys. C 45, 053002 (2021)

Event Generator for Pion SF

25Weizhi Xiong

Pion SF generator developed by Rong Wong 
from IMP, based on the piIMParton model



• Comparisons with RAPGAP generator 
(provided by Jixie Zhang), reasonable 
agreement over a board range

Pion Structure Function Projection
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detailed systematic studies ongoing
Study by Ting Lin
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Possibility of L-T Separation with EicC
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• Have large area with ∆𝜀 close or 
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•  ∆𝜀 increase at higher Q2 and 
higher W

• Typical event rates drop at higher 
Q2 and higher W

region with 
∆𝜀 > 0.2

Need accurate event rate 
estimation to draw a definite 
conclusion, work in progress

Plot by Zihan Yu



Additional Improvement to Think About

ZDC: only device capable of 
neutron detection for EicC, 
15mrad acceptance not 
enough in many cases
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2. A second roman pot station 
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Working iteratively with the accelerator folks on these improvements



Many Other Interesting Exclusive Physics
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• Deeply virtual Compton scattering (DVCS)

• Exotic states: X 3872, Zc 3900…

• Meson form factor, structure functions, GPD…

• Diffractive measurements

• Spectator tagging for tagged DIS, SIDIS, SRC…

• J/ψ production near threshold

• …

352 8.4. EXCLUSIVE MEASUREMENTS

Gluon saturation results in a deviation of the b-dependence of the amplitude from
the input density. Here we investigate the accuracy of extracting F(b) as the dif-
ference (Fout(b) � Fin(b)) between the input and extracted amplitudes. Figure 8.86
shows a comparison between the input and extracted source densities. This figure
uses the bNonSat model [893], where the amplitude is exactly proportional to the
input distributions, and thus (Fout(b) would be equal to Fin(b)) for an ideal detec-
tor and in the absence of beam effects, and including the longitudinal component
of the momentum transfer. We see that a reduction of the MS term to 0.5 GeV
for both the meson decay products and the scattered electron is required for a re-
construction of the impact parameter profile, representing a factor 2 improvement
with respect to the handbook detector for the barrel and a factor 4 for the scattered
electron. This is our nominal detector requirement resulting from this study. Figure 8.87
(left) shows the result of an even further improvement by a factor 2. A closer look
at the Fourier-transforms reveals that what is crucial is to resolve the minima up
to the third one, as discussed in the next subsection.

From studies discussed in Sec. 8.4.6 we already observed that the st/t resolution
for a given pT-resolution is smaller for the r and f than for the J/y. Figure 8.87
(center, right) shows the source extraction accuracy for f ad r with the nominal
resolution spT /pT = 0.05pT � 0.5% in the barrel and spT /pT = 0.1pT � 0.5 for e0

Separating coherent and incoherent processes
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Figure 8.88: Coherent (red) and incoherent (blue) cross section ds/dt for diffractive J/y
production in 1 < Q2 < 10 GeV2.

Experimentally, the measured spectra in diffractive vector meson production con-
tain the sum of coherent and incoherent processes (see Fig. 8.88). At low t, coherent

Review article

studies is to understand nucleon spin structure. The
GPDs’ connection with partons angular momentum is
quantified through the Ji’s sum rule [60],

Jq,g =
1

2

∫ 1

−1
dxx[Hq,g(x, ξ, 0) + Eq,g(x, ξ, 0)], (2.3)

where Jq,g represents the total angular momentum for
quark and gluon, which can be further decomposed as

1

2
= Jq + Jg =

1

2
∆Σ+ Lq + Jg, (2.4)

with 1
2∆Σ, Lq and Jg being the quark spin angular mo-

mentum, quark orbital angular momentum and gluon to-
tal angular momentum respectively. The quark orbital
angular momentum can be extracted through the mea-
surements of GPDs H and E in exclusive processes by sub-
tracting the quark helicity contribution. It is also worth
to mention that GPDs encode the rich information on the
mechanical properties of nucleon internal structure [87–
90] through the gravitational form factors (GFFs), which
is related to the second moment of the unpolarized GPD.
These mechanical properties, such as the pressure and
shear force distributions, the mechanical radius, and the
mechanical stability of a particle, contain the crucial in-
formation on how the strong force inside nucleon balance
to form a bound state. However, the precise extraction of
GFFs at the current facilities remains problematic due to
poor data constraints [91–94]. As GPDs play an essential
role in exploring the internal nucleon structure from many
aspects, the experimental studies of GPDs have been and
are a cutting-edge field of high energy nuclear physics dur-
ing the last two decades.

The main exclusive processes which allow to access to
the GPDs in ep collisions are deeply virtual Compton scat-
tering (DVCS) ep −→ epγ [Fig. 2.9(a)], time-like Comp-
ton scattering ep −→ epl+l− [Fig. 2.9(b)] and deeply
virtual meson production(DVMP) ep −→ epM [Fig. 2.9
(c)] [59, 60]. At the leading order, DVCS process is de-
scribed by the partonic channel qγ∗ −→ qγ where the
virtual photon is provided by the electron. GPDs en-
ter the cross section of DVCS process through the Comp-
ton form factors(CFF) defined as (for example, the quark

GPD Hq) [95–98]

H(xB , t,Q2) =

∫ 1

−1
dx

(
1

ξ − x− iϵ −
1

ξ + x− iϵ

)

·
∑

q=u,d,s,···
e2qHq(x, ξ, t,Q2) , (2.5)

where ξ ≈ xB/(2− xB) with xB being the Bjorken’s vari-
able. The similar relation holds for other GPDs. The pre-
cise measurements of the various angular modulations and
polarization dependence of DVCS cross section at different
kinematic points in (Q2, xB , t) would allow us to extract
different CFFs, as each of them has unique angular and
polarization dependencies (see Ref. [84] and therein). The
corresponding GPDs can be subsequently constrained by
the extracted CFFs.

Let us highlight some specific features of different pro-
duction channels. The main limitation of DVCS process is
that it is sensitive only to the sum of quark and anti-quark
distributions in a particular flavor combination. In con-
trast, exclusive meson production offers substantial help in
the separation of different quark and antiquark flavors and
of gluons. For example, the valence quark and sea quark
GPDs can be probed via pseudo scalar mesons (π,K, η, ...)
production processes, whereas the vector mesons (ρ,φ,ω)
production is more sensitive to sea quark and gluon GPDs.
However, extracting GPDs from exclusive meson produc-
tion requires the knowledge of additional non-perturbative
matrix element, the meson distribution amplitude.

The precise extraction of GPDs from the measurements
of exclusive processes puts the highest demands on ex-
periments for various reasons, including the smallness of
cross sections in exclusive processes, the interference with
the Bethe–Heitler (BH) process, etc. The measurements
of GPD-related observables in the region of moderate to
large x have been carried out at HERMES [99], COM-
PASS [100], and JLab [101]. However, most of these
measurements have sizable statistical uncertainties and
provide reasonable constraints for only one GPD, H.
The complete and precise extraction of all GPDs requires
high luminosity, detectors with full hemisphere coverage,
beams with various polarization choices, and wide kine-
matic reach. Until now, there have been no facilities being
able to meet all these demands. For example, the lumi-
nosity at HERA and COMPASS is low, meanwhile COM-

Fig. 2.9 Diagrams of various processes to study Generalized Parton Distributions (GPDs). (a) Deeply virtual compton
scattering, (b) time-like compton scattering, (c) deeply virtual meson production.
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1
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



Summary

31Weizhi Xiong

• Meson structure: ideal test ground for many physics production, 
essential for checking EHM

• EicC offers a unique and complemetary meson structure program to 
JLab and EIC

• CM energy ~16.7 GeV, in between JLab and EIC

• Full simulation for EicC central and far-forward detectors

• Preliminary pion FF projection obtained with the EicC, working actively 
on pion SF and kaon structure measurements

• Aiming to have projections for all by end of July
• Aiming for publication by end of the year

• Special thanks to Prof. Huber, Prof. Horn and Prof. Roberts for many 
helpful discussions


