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2
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• Based on RHIC: 

• use exiting hadron storage ring


     energy: 41–275 GeV

• add electron storage ring in RHIC tunnel


     energy: 5–18 GeV 

~ 70% polarisation

 ⃗e + ⃗p↑, ⃗He
↑

•  

• ℒ = 1033−34 cm−2 s−1

↔ ℒint = 10 − 100 fb−1/year

+ heavier, unpolarised ions, up to Uranium
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Kinematic coverage at the EIC

Input Data (ep) - Detailed simulation work to 
optimise resolutions throughout 
phase-space 
à 5 bins per decade in x and Q2

- Kinematic coverage: Q2 > 1 GeV2, 
0.01 < y < 0.95, W > 3 GeV

- Lower y accessible in principle,
but easier to rely on overlaps 
between data at different "

- Highest x bin centre at x=0.815

- CC data also included for 
highest "

[Poster by S Maple]
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Fig. 7. A schematic diagram of the Deep Inelastic Scattering
(DIS) process.

in kT or bT can be derived from this dipole amplitude.
This high-energy approach is essential for addressing the
physics of high parton densities and of parton saturation,
as discussed in sect. 3.2. On the other hand, in a regime
of moderate x, around 10−3 for the proton and higher for
heavy nuclei, the theoretical descriptions based on either
parton distributions or color dipoles are both applicable
and can be related to each other. This will provide us
with valuable flexibility for interpreting data in a wide
kinematic regime.

The following sections highlight the physics opportu-
nities in measuring PDFs, TMDs and GPDs to map out
the quark-gluon structure of the proton at the EIC. An
essential feature throughout will be the broad reach of the
EIC in the kinematic plane of the Bjorken variable x (see
Sidebar I) and the invariant momentum transfer Q2 to
the electron. While x determines the momentum fraction
of the partons probed, Q2 specifies the scale at which the
partons are resolved. Wide coverage in x is hence essen-
tial for going from the valence quark regime deep into the
region of gluons and sea quarks, whereas a large lever arm
in Q2 is the key for unraveling the information contained
in the scale evolution of parton distributions.

Sidebar I. Deep Inelastic Scattering:
kinematics

Deep Inelastic Scattering

e(k) + p −→ e(k′) + X, as sketched in fig. 7, proceeds
through the exchange of a virtual photon between the
electron and the proton. The kinematic description re-
mains the same for the exchange of a Z or W boson,
which becomes important at high momentum transfer.

Depending on the physics situation, the process is dis-
cussed in different reference frames:

– the collider frame, where a proton with energy Ep and
an electron with energy Ee collide head-on;

– the rest frame of the hadronic system X, i.e. the
center-of-mass of the γ∗p collision;

– the rest frame of the proton.

Kinematic variables

In the following, we neglect the proton mass, M , where
appropriate and the electron mass throughout.

k, k′ are the four-momenta of the incoming and out-
going lepton;
p is the four-momentum of a nucleon.

Lorentz invariants

– the squared e+p collision energy s = (p+k)2 = 4EpEe

– the squared momentum transfer to the lepton Q2 =
−q2 = −(k − k′)2, equal to the virtuality of the ex-
changed photon. Large values of Q2 provide a hard
scale to the process, which allows one to resolve quarks
and gluons in the proton.

– the Bjorken variable xB = Q2/(2p · q), often simply
denoted by x. It determines the momentum fraction
of the parton on which the photon scatters. Note that
0 < x < 1 for e + p collisions.

– the inelasticity y = (q ·p)/(k ·p) is limited to values 0 <
y < 1 and determines in particular the polarization of
the virtual photon. In the collider frame, the energy of
the scattered electron is E′

e = Ee(1 − y) + Q2/(4Ee);
detection of the scattered electron thus typically re-
quires a cut on y < ymax.

These invariants are related by Q2 = xys. The available
phase space is often represented in the plane of x and
Q2. For a given e + p collision energy, lines of constant
y are then lines with a slope of 45 degrees in a double
logarithmic x-Q2-plot.

Two more important variables

W 2 = (p + q)2 = Q2(1 − 1/x) is the squared invariant
mass of the produced hadronic system X.

DIS is characterized by the Bjorken limit, where Q2 and
W 2 become large at a fixed value of x. Note: for a given
Q2, small x corresponds to a high γ∗p collision energy.

ν = q ·p/M = ys/(2M) is the energy lost by the lepton
(i.e. the energy carried away by the virtual photon) in
the proton rest frame.

For scattering on a nucleus of atomic number A, replace
the proton momentum p by P/A in the definitions, where
P is the momentum of the nucleus. Note that for the
Bjorken variable one then has 0 < x < A.

Sidebar II. Deep Inelastic Scattering: structure
functions

The cross-sections for neutral-current deep inelastic scat-
tering (e + N −→ e′ + X) on unpolarized nucleons and
nuclei can be written in the one-photon exchange approx-
imation (neglecting electroweak effects) in terms of two
structure functions F2 and FL:

d2σ

dxdQ2
=

4πα2

xQ4

[(
1 − y+

y2

2

)
F2(x,Q2) − y2

2
FL(x,Q2)

]
.

(1)

 [G
eV

]
−

q2
=

Q
2

2

γ*(q)

p(P)
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Project milestones

CD-0: mission need

CD-1: alternative selection, cost range 

CD-2 project baseline

CD-3: start of construction

CD-4: project completion, start of operation

Construction phase

Science phase

end of RHIC operations
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Research at the EIC

nucleon spin structure

kT

Indeed, measurements at the EIC and
lattice calculations will have a high degree
of complementarity. For some quantities,
notably the x moments of unpolarized and
polarized quark distributions, a precise de-
termination will be possible both in experi-
ment and on the lattice. Using this to vali-
date the methods used in lattice calculations,
one will gain confidence in computing quan-
tities whose experimental determination is
very hard, such as generalized form factors.
Furthermore, one can gain insight into the
underlying dynamics by computing the same
quantities with values of the quark masses
that are not realized in nature, so as to reveal
the importance of these masses for specific
properties of the nucleon. On the other hand,
there are many aspects of hadron structure
beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
collider measurements are our only source of
information.

y

xp

x
z

bΤ

Figure 2.1: Schematic view of a parton with
longitudinal momentum fraction x and trans-
verse position bT in the proton.

Both impact parameter distributions
f(x, bT ) and transverse-momentum distri-
butions f(x,kT ) describe proton structure
in three dimensions, or more accurately in
2+ 1 dimensions (two transverse dimensions
in either configuration or momentum space,
along with one longitudinal dimension in mo-

mentum space). Note that in a fast-moving
proton, the transverse variables play very dif-
ferent roles than the longitudinal momen-
tum.

It is important to realize that f(x, bT )
and f(x,kT ) are not related to each other by
a Fourier transform (nevertheless it is com-
mon to denote both functions by the same
symbol f). Instead, f(x, bT ) and f(x,kT )
give complementary information about par-
tons, and both types of quantities can be
thought of as descendants of Wigner distri-
butions W (x, bT ,kT ) [8], which are used ex-
tensively in other branches of physics [9].
Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q

2

(see the Sidebar on page 18). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-

16

nucleon multi-dimensional structure

energy

gluon saturation hadron formation
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Generalised parton distributions (GPDs)

• x=average longitudinal momentum fraction

• 2ξ=longitudinal momentum transfer

• t=squared momentum transfer to hadron

• experimental access to t and ξ 

• in general: no experimental access to x
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Generalised parton distributions (GPDs)

• x=average longitudinal momentum fraction

• 2ξ=longitudinal momentum transfer

• t=squared momentum transfer to hadron

proton helicity flipproton helicity non flip

Four parton helicity-conserving twist-2 GPDs

parton-spin independent

parton-spin dependentH̃(x, ⇠, t) Ẽ(x, ⇠, t)

E(x, ⇠, t)H(x, ⇠, t)

H̃T (x, ⇠, t)

HT (x, ⇠, t)

Four parton helicity-flip twist-2 GPDs

ẼT (x, ⇠, t)

ET (x, ⇠, t)

• experimental access to t and ξ 

• in general: no experimental access to x

for spin-1/2 hadron:
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Indeed, measurements at the EIC and
lattice calculations will have a high degree
of complementarity. For some quantities,
notably the x moments of unpolarized and
polarized quark distributions, a precise de-
termination will be possible both in experi-
ment and on the lattice. Using this to vali-
date the methods used in lattice calculations,
one will gain confidence in computing quan-
tities whose experimental determination is
very hard, such as generalized form factors.
Furthermore, one can gain insight into the
underlying dynamics by computing the same
quantities with values of the quark masses
that are not realized in nature, so as to reveal
the importance of these masses for specific
properties of the nucleon. On the other hand,
there are many aspects of hadron structure
beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
collider measurements are our only source of
information.
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butions W (x, bT ,kT ) [8], which are used ex-
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Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q

2

(see the Sidebar on page 18). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-
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3D parton distributions

impact-parameter dependent distributions:

probability to find parton (x,bT)

M. Burkardt, 

PRD 92 ('00) 071503 

JMP A 18 ('03) 173

Fourier transform (ξ=0)

GPDs



GPDs and the nucleon structure

9

Indeed, measurements at the EIC and
lattice calculations will have a high degree
of complementarity. For some quantities,
notably the x moments of unpolarized and
polarized quark distributions, a precise de-
termination will be possible both in experi-
ment and on the lattice. Using this to vali-
date the methods used in lattice calculations,
one will gain confidence in computing quan-
tities whose experimental determination is
very hard, such as generalized form factors.
Furthermore, one can gain insight into the
underlying dynamics by computing the same
quantities with values of the quark masses
that are not realized in nature, so as to reveal
the importance of these masses for specific
properties of the nucleon. On the other hand,
there are many aspects of hadron structure
beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
collider measurements are our only source of
information.

y

xp

x
z

bΤ

Figure 2.1: Schematic view of a parton with
longitudinal momentum fraction x and trans-
verse position bT in the proton.

Both impact parameter distributions
f(x, bT ) and transverse-momentum distri-
butions f(x,kT ) describe proton structure
in three dimensions, or more accurately in
2+ 1 dimensions (two transverse dimensions
in either configuration or momentum space,
along with one longitudinal dimension in mo-

mentum space). Note that in a fast-moving
proton, the transverse variables play very dif-
ferent roles than the longitudinal momen-
tum.

It is important to realize that f(x, bT )
and f(x,kT ) are not related to each other by
a Fourier transform (nevertheless it is com-
mon to denote both functions by the same
symbol f). Instead, f(x, bT ) and f(x,kT )
give complementary information about par-
tons, and both types of quantities can be
thought of as descendants of Wigner distri-
butions W (x, bT ,kT ) [8], which are used ex-
tensively in other branches of physics [9].
Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q

2

(see the Sidebar on page 18). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-

16

Transverse Momentum Distributions – 3D!

3D Maps of partonic distributions

4

�
⇤

3D parton distributions

From 2015 Long Range Plan for Nuclear Science 7

x = 0.25 x = 0.09

impact-parameter dependent distributions:

probability to find parton (x,bT)

M. Burkardt, 

PRD 92 ('00) 071503 

JMP A 18 ('03) 173

Fourier transform (ξ=0)

GPDs



GPDs and the nucleon structure

9

Indeed, measurements at the EIC and
lattice calculations will have a high degree
of complementarity. For some quantities,
notably the x moments of unpolarized and
polarized quark distributions, a precise de-
termination will be possible both in experi-
ment and on the lattice. Using this to vali-
date the methods used in lattice calculations,
one will gain confidence in computing quan-
tities whose experimental determination is
very hard, such as generalized form factors.
Furthermore, one can gain insight into the
underlying dynamics by computing the same
quantities with values of the quark masses
that are not realized in nature, so as to reveal
the importance of these masses for specific
properties of the nucleon. On the other hand,
there are many aspects of hadron structure
beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
collider measurements are our only source of
information.

y
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x
z

bΤ

Figure 2.1: Schematic view of a parton with
longitudinal momentum fraction x and trans-
verse position bT in the proton.

Both impact parameter distributions
f(x, bT ) and transverse-momentum distri-
butions f(x,kT ) describe proton structure
in three dimensions, or more accurately in
2+ 1 dimensions (two transverse dimensions
in either configuration or momentum space,
along with one longitudinal dimension in mo-

mentum space). Note that in a fast-moving
proton, the transverse variables play very dif-
ferent roles than the longitudinal momen-
tum.

It is important to realize that f(x, bT )
and f(x,kT ) are not related to each other by
a Fourier transform (nevertheless it is com-
mon to denote both functions by the same
symbol f). Instead, f(x, bT ) and f(x,kT )
give complementary information about par-
tons, and both types of quantities can be
thought of as descendants of Wigner distri-
butions W (x, bT ,kT ) [8], which are used ex-
tensively in other branches of physics [9].
Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q

2

(see the Sidebar on page 18). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-
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tact can be made with non-perturbative de-
scriptions of the proton.
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Table I, see Eq. (35) or Eq. (40) for definitions in terms of GFFs.
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it is dominated by the quark contribution) to negative sign at the periphery (where it is dominated by the gluon
contribution). The pressure anisotropy in Fig. 7 vanishes at the center of the nucleon, as required by spherical
symmetry, and is positive anywhere else, indicating that the radial pressure is always larger than the tangential one.
Looking at the separate contributions, we see that the quark and gluon radial forces are both repulsive and of similar
range. For the tangential forces, the quark contribution appears to be mostly repulsive and short range whereas the
gluon contribution appears to be mostly attractive and long range.

If we integrate the energy density and the isotropic pressure over the whole volume, we naturally recover the FL (26)
discussed in the former section

Z
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Aa(0) + C̄a(0)

⇤
M,

Z
d3r pa(r) = �C̄a(0)M. (46)

One can also relate the value of the GFF Ca(t) at t = 0 to a weighted integral of the pressure anisotropy (43) [10, 11, 26]

Z
d3r r2 sa(r) = �

15

M
Ca(0) . (47)

Summing over the constituents, one obtains the following additional relations [26, 86]
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contribution). The pressure anisotropy in Fig. 7 vanishes at the center of the nucleon, as required by spherical
symmetry, and is positive anywhere else, indicating that the radial pressure is always larger than the tangential one.
Looking at the separate contributions, we see that the quark and gluon radial forces are both repulsive and of similar
range. For the tangential forces, the quark contribution appears to be mostly repulsive and short range whereas the
gluon contribution appears to be mostly attractive and long range.

If we integrate the energy density and the isotropic pressure over the whole volume, we naturally recover the FL (26)
discussed in the former section
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that are not realized in nature, so as to reveal
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beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
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Both impact parameter distributions
f(x, bT ) and transverse-momentum distri-
butions f(x,kT ) describe proton structure
in three dimensions, or more accurately in
2+ 1 dimensions (two transverse dimensions
in either configuration or momentum space,
along with one longitudinal dimension in mo-

mentum space). Note that in a fast-moving
proton, the transverse variables play very dif-
ferent roles than the longitudinal momen-
tum.

It is important to realize that f(x, bT )
and f(x,kT ) are not related to each other by
a Fourier transform (nevertheless it is com-
mon to denote both functions by the same
symbol f). Instead, f(x, bT ) and f(x,kT )
give complementary information about par-
tons, and both types of quantities can be
thought of as descendants of Wigner distri-
butions W (x, bT ,kT ) [8], which are used ex-
tensively in other branches of physics [9].
Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q
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(see the Sidebar on page 18). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-

16

Transverse Momentum Distributions – 3D!

3D Maps of partonic distributions

4

�
⇤

3D parton distributions

impact-parameter dependent distributions:

probability to find parton (x,bT)

M. Burkardt, 

PRD 92 ('00) 071503 

JMP A 18 ('03) 173

Fourier transform (ξ=0)

GPDs

C. Lorcé, H. Moutarde, A. P. Trawiński EPJ. C 79 ('19) 89

9

q+G

q

G

0.5 1.0 1.5 2.0
r [fm]

0.05

0.10

0.15

0.20

0.25

0.30

[GeV/fm]
4� r2 pr(r)

(a) (b)
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2
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in Table I, see Eq. (36) or Eq. (41) for definitions in terms of GFFs.

it is dominated by the quark contribution) to negative sign at the periphery (where it is dominated by the gluon
contribution). The pressure anisotropy in Fig. 7 vanishes at the center of the nucleon, as required by spherical
symmetry, and is positive anywhere else, indicating that the radial pressure is always larger than the tangential one.
Looking at the separate contributions, we see that the quark and gluon radial forces are both repulsive and of similar
range. For the tangential forces, the quark contribution appears to be mostly repulsive and short range whereas the
gluon contribution appears to be mostly attractive and long range.

If we integrate the energy density and the isotropic pressure over the whole volume, we naturally recover the FL (26)
discussed in the former section
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Summing over the constituents, one obtains the following additional relations [26, 86]
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it is dominated by the quark contribution) to negative sign at the periphery (where it is dominated by the gluon
contribution). The pressure anisotropy in Fig. 7 vanishes at the center of the nucleon, as required by spherical
symmetry, and is positive anywhere else, indicating that the radial pressure is always larger than the tangential one.
Looking at the separate contributions, we see that the quark and gluon radial forces are both repulsive and of similar
range. For the tangential forces, the quark contribution appears to be mostly repulsive and short range whereas the
gluon contribution appears to be mostly attractive and long range.

If we integrate the energy density and the isotropic pressure over the whole volume, we naturally recover the FL (26)
discussed in the former section
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Ji relation:

X. Ji, PRL 78 (1997) 610

Jq,g = lim
t→0

1
2 ∫

1

−1
dx (x)[Hq,g(x, ξ, t) + Eq,g(x, ξ, t)]
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Introduction Imaging Higher orders Factorisation Helicity transitions End-point contributions

Another reminder: Helicity selection rules

I selection of helcities in hard-scattering part

I ingredients: conservation of angular mom. and of chirality

• scattering collinear ! ang. mom. Jz = sum of helicities

• chirality conserved by quark-gluon and quark-photon coupling

chirality +1 �1
q helicity +1/2 �1/2
q̄ helicity �1/2 +1/2

light meson production (not J/ or ⌥)

γ∗

z

t

00

(analogous argument for graphs with gluon GPD)

I dominant transition: A(�⇤
L ! mesonL) ⇠ 1/Q

M. Diehl Some thoughts about the theory of meson production 18
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configuration considered in this study; (ii) made for MC
events generated as described in Sec. III A and processed
through the ePIC simulation described in Sec. III B;
(iii) obtained after applying the cuts specified in
Sec. III A (except for the cut on the plotted variable, if
applicable), including 0.01 < y < 0.85; and (iv) obtained
for an integrated luminosity of L ¼ 10 fb−1, each.
Distributions of pseudorapidity for the scattered electron,

ηe0 , the scattered proton, ηp0 , and the produced photon, ηγ ,
are shown in Fig. 4 for the mixture of BH and DVCS
events, and in Fig. 5 for DVCS events only. To straight-
forwardly demonstrate the effect of geometric acceptance,
which is typically studied with these variables, the

distributions shown in Figs. 4 and 5 are obtained without
including energy or momentum smearing from full
reconstruction in the detectors (if a particle is found in
the detector, its generator-level kinematics are plotted to
isolate the acceptance). One can see that the acceptances
change as a function of beam energy, especially between
the lowest and highest beam energy configurations. In all
cases, the scattered electron has exceptionally high accep-
tance. This is a fundamental aspect of the ePIC detector
design due to the need for scattered electron detection for
all deep-inelastic scattering observables. In the case of
Fig. 4, the losses in photon acceptance are coming almost
entirely from Bethe-Heitler events, which is seen when

FIG. 4. Distributions of pseudorapidity of scattered electron (ηe0 ), scattered proton (ηp0 ), and produced photon (ηγ) for generated (blue)
and reconstructed (red) MC events containing the DVCS and Bethe-Heitler contributions to the cross section. The various beam energies
are indicated in the plots.
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Figures do not include momentum smearing; only acceptance effects are shown.

γ, ρ
,ϕ

, J/
ψ



Reconstruction of DVCS at the EIC and impact on GPD determination

12

One can expect a twofold effect from radiative correc-
tions. On the one hand, radiative corrections may change
the shape of t distributions, directly affecting the extraction
of tomography information. Since t is evaluated from the
four-momenta of hadrons, the effect of radiative corrections
is expected to be small. A precise estimation would require
an improved description of radiative corrections than that
used in this study (see Sec. IV B). On the other hand,
radiative corrections affect the estimation of the mean
values of kinematic variables attributed to the extraction
of tomography information, namely the values of hxBji and
hQ2i. Within the description of radiative corrections used in
this study, we found this effect to be negligible.
Our impact study is based on a MC sample obtained for

L ¼ 10 fb−1. The analysis is done in two-dimensional bins
of ðxBj; Q2Þ defined by the following limits: xBj:{0.0001,
0.00016, 0.00025, 0.00040, 0.00063, 0.0010, 0.0016,
0.0025, 0.0040, 0.0063, 0.010, 0.016, 0.025, 0.040,
0.063, 0.10, 0.16, 0.25, 0.40, 0.7}, Q2=GeV2: {1.0,
1.78, 3.16, 5.62, 10, 18, 32, 56, 100}. Bins with fewer
than 2000 reconstructed events are discarded in the
analysis.
In order to extract tomographic pictures, i.e., a visual

representation of qDVCSðξ; b⃗⊥Þ, we parametrize the cor-
rected distribution of events, NðtiÞ, with the following
Ansatz:

fðtÞ ¼
!XNmax

i¼0

Ai expðBitÞ
"2

; ð22Þ

where Ai > 0 and Bi > 0, and where the square of the sum
corresponds to the square of GPDs in Eq. (14). The
flexibility of the model is controlled by Nmax, which in
this analysis is set to 5. The benefit of using a sum of
exponents is threefold: (i) its Fourier transform is straight-
forward, (ii) the outcome of this transform is always
positive, and (iii) the Ansatz can be used to approximate

other popular functions used in the context of nucleon
tomography, such as a dipole. The latter can be demon-
strated using the Laplace transform:

!
1 − t

m

"−n
¼

Z
∞

0
dt0

expð−mt0Þðmt0Þn

t0ΓðnÞ
expðt0tÞ ð23Þ

which, despite the infinite integration limit, converges
quickly and can be efficiently approximated by the sum
in Eq. (22).
To propagate statistical uncertainties, we employ the

replication method. The fitting of (22) to NðtiÞ is repeated
multiple times (100 in this analysis), with each repetition
involving random alterations to the fitted distribution. To
generate a single altered distribution, we randomly generate
a new number of events in each bin of NexpðtiÞ from the
Poisson distribution. The result of fitting to a single altered
distribution is referred to as a replica. We utilize a collection
of replicas to estimate the uncertainty at a given point,
based on their spread. This approach is also employed for
quantities derived from (22), such as the tomographic
pictures.
An exemplary result is shown in Fig. 15 for a single

kinematic bin. The figure presents the distribution of events
fitted with Ansatz (22), utilizing the replication prescription
for estimating uncertainties. The resulting tomographic
picture, i.e., the Fourier transform of the fitted t profile
normalized to the PDF (the same as used in the GK model),
is also shown. One can notice an increase in uncertainty at
b ¼ 0, where b ¼ kb⃗⊥k, caused by the poor knowledge of
the domain with jtj ≫ 1 GeV2. This effect is expected and
would not be visible with simple Ansätze, like a single
exponential fit, due to the model bias. This demonstrates
the usefulness of flexible Ansätze like that given by
Eq. (22), which due to a large number of free parameters
can be considered as a good approximation of a non-
parametric method. The result agrees with the GK model,

FIG. 15. Left: distribution of events corrected for acceptance and after subtraction of the BH contribution as a function of t for
xBj ¼ 0.020 and Q2 ¼ 7.3 GeV2. The gray band represents the result of the fit described in the text, corresponding to the
95% confidence level. Right: resulting tomographic picture, with the red dashed curve representing the reference values given by
the GK model.
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cross section as measured by the H1 and ZEUS collabo-
rations [66–68], and asymmetry data from longitudinally
polarized electron beams ALU and from longitudinally and
transversely polarized targets (AUL and AUT) as measured
by HERMES [77–79]. These are the observables providing
presently the strongest experimental constraints on the
imaginary parts of the CFFs H, E, and H̃ at the EIC
kinematics.
Using the same procedure as above, we performed the

CFF extraction by adding simulated ALU EIC data for the
bins listed above. We started by using only the dominant
ImH CFF (with other CFFs set to zero) and then added first
Im E and finally Im H̃. As expected from the xBj suppres-
sion in (26), there is no statistically significant effect of ALU

EIC data on the extraction of Im H̃. The two CFFs that are
constrained by EIC ALU data, ImH and Im E, are shown in
Fig. 18. It is clearly seen that the improvement in the
uncertainty of ImH is excellent, and the constraints on
Im E are significantly increased. The shift in the uncertainty
bands after including the simulated EIC data, which is
particularly evident in Im E, is partly due to statistical
fluctuations inherent in this method and partly due to the
HERA datasets not being in perfect statistical agreement
with the EIC datasets. In particular, the GK model used to
generate the simulated EIC data undershoots the HERMES
ALU by about two standard deviations, creating tension that
ultimately leads to an artificial increase in the uncertainty of
ImH for ξ > 0.01.

V. CONCLUSIONS

In this study, we realistically assessed the impact of future
EIC measurements on the analysis of nucleon tomography
and CFFs by taking into account a wide range of factors that
could potentially influence the extraction procedure. To
achieve this goal, we have utilized state-of-the-art simula-
tion software and themost recent design of the ePIC detector
and the EIC interaction region to evaluate the impact of the
apparatus on the anticipated measurements.
Despite focusing only on certain observables, our study

clearly demonstrates that thanks to the high luminosity,
polarized beams, and the careful design of the detectors
and the interaction region, the EIC will provide unprec-
edented access to the spatial and spin structure of the proton.
The EIC will cover a wide kinematic domain, ranging from
low xBj, previously probed only by HERA, to intermediate
xBj, covered by COMPASS, HERMES, and future JLab
experiments.The long lever arm inQ2will allow for a detailed
study of evolution effects, particularly those that impact
nucleon tomography, which remain largely unknown to this
day. The measurement of CFFs will provide much-needed
constraints onvarious types ofGPDs.Overall, the anticipated,
precise measurements in poorly covered kinematic domains
will contribute significantly to the understanding of hadronic
structure, marking the EIC as the future QCD laboratory.
Our study presents the coverage of the kinematic region

by the ePIC detector and the basic kinematic distributions
one expects to see after accumulating 10 fb−1 of integrated

FIG. 18. CFFs ImH (left) and Im E (right) in dependence on ξ (first row) and t (second row), as extracted by training an ensemble of
neural nets to only old HERA data (green slanted dashes) and additionally to simulated EIC data (red vertical dashes) at Q2 ¼ 4 GeV2.
GK model values are plotted for comparison (red dashed line).
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The EIC will cover a wide kinematic domain, ranging from
low xBj, previously probed only by HERA, to intermediate
xBj, covered by COMPASS, HERMES, and future JLab
experiments.The long lever arm inQ2will allow for a detailed
study of evolution effects, particularly those that impact
nucleon tomography, which remain largely unknown to this
day. The measurement of CFFs will provide much-needed
constraints onvarious types ofGPDs.Overall, the anticipated,
precise measurements in poorly covered kinematic domains
will contribute significantly to the understanding of hadronic
structure, marking the EIC as the future QCD laboratory.
Our study presents the coverage of the kinematic region

by the ePIC detector and the basic kinematic distributions
one expects to see after accumulating 10 fb−1 of integrated

FIG. 18. CFFs ImH (left) and Im E (right) in dependence on ξ (first row) and t (second row), as extracted by training an ensemble of
neural nets to only old HERA data (green slanted dashes) and additionally to simulated EIC data (red vertical dashes) at Q2 ¼ 4 GeV2.
GK model values are plotted for comparison (red dashed line).
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dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼
NJ=ψ

ðA × ϵÞJ=ψ × ð1þ fDÞ × L × ϵveto × BR × Δy
; ð4Þ

where NJ=ψ is the number of reconstructed exclusive or
dissociative J=ψ in the dimuon decay channel, ðA × ϵÞJ=ψ
is the corresponding factor of acceptance times
reconstruction efficiency in the rapidity interval studied,
and BR ¼ ð5.961& 0.033Þ% is the branching ratio for the
decay into a muon pair [60].
The cross section dσ=dyðpþ Pb → pð#Þ þ Pbþ J=ψÞ is

related to the γp cross section σðγ þ p → J=ψ þ pð#ÞÞ
through the photon flux dn=dk,

dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼ k
dn
dk

σðγ þ p → J=ψ þ pð#ÞÞ: ð5Þ

Here, k is the photon energy, which is determined by the
J=ψ mass and rapidity, k ¼ ð1=2ÞMJ=ψ exp ð−yÞ. The
photon flux is calculated using STARlight in impact
parameter space and convoluted with the probability of
no hadronic interaction. The average photon flux values for
the different rapidity intervals are listed in Table III,
together with the extracted cross sections σðγ þ p →
J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ and the correspond-
ing hWγpi. The latter is computed as the average of Wγp

weighted by the cross section σðγpÞ from STARlight.

1. Exclusive J=ψ photoproduction

Figure 6 shows the exclusive J=ψ photoproduction cross
section σðγ þ p → J=ψ þ pÞ reported in Table III as a
function of Wγp, covering the range 27 < Wγp < 57 GeV.
Comparisons with previous measurements and with several
theoretical models are also shown.

Measurements at low Wγp were performed by fixed
target experiments, such as those reported by the E401 [66],
E516 [67], and E687 [68] Collaborations. Recently, mea-
surements were performed near threshold by the GlueX
Collaboration [72] and by the E12-16-007 experiment [73]
which are not shown in Fig. 6 since they fall outside of the
power-law applicability discussed below.
The cross sections are also compared with previous

ALICE results in p-Pb at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [14,69], at
forward, mid, and backward rapidity, covering the energy
range 21 < Wγp < 952 GeV.
In this analysis, a χ2 fit of a power-law function,

NðWγp=W0Þδ, is performed to the two ALICE datasets atffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 and
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV together, with W0 ¼
90.0 GeV, as done in HERA analyses [38–40] and for

TABLE III. Rapidity differential cross sections dσexcJ=ψ=dy and dσdissJ=ψ=dy and the corresponding cross sections
σðγ þ p → J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ for exclusive and dissociative J=ψ photoproduction off protons in
p-Pb UPCs at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV for each rapidity range. The first uncertainty is the statistical one and the second
uncertainty is the systematic one. The numbers of events obtained from signal extraction with their statistical
uncertainties, Nexc

J=ψ and Ndiss
J=ψ , the photon flux, and the range and the mean of Wγp are also presented.

Rapidity
range Nexc

J=ψ , N
diss
J=ψ

dσexcJ=ψ=dy,
dσdissJ=ψ=dy (μb) kdn=dk Wγp (GeV) hWγpi (GeV)

σðγ þ p → J=ψ þ pÞ (nb),
σðγ þ p → J=ψ þ pð#ÞÞ (nb)

(2.5, 4) 1180& 84 8.13& 0.58& 0.43 209& 4 (27, 57) 39.9 39.0& 2.8& 2.2
1515& 83 10.43& 0.57& 1.39 50.0& 2.7& 6.7

(3.25, 4) 564& 53 7.16& 0.67& 0.48 220& 4 (27, 39) 32.8 32.51& 3.0& 2.3
733& 52 9.31& 0.66& 1.28 42.3& 3.0& 5.9

(2.5, 3.25) 629& 54 9.21& 0.80& 0.51 197& 4 (39, 57) 47.7 46.8& 4.1& 2.8
768& 55 11.26& 0.80& 1.53 57.2& 4.1& 7.8

FIG. 6. Exclusive J=ψ photoproduction cross section off
protons measured as a function of the center-of-mass energy
of the photon-proton system Wγp by ALICE in p-Pb UPCs and
compared with previous measurements [14,38–40,43–45,66–69]
and with next-to-leading-order JMRT [70,71] and CCT [37]
models. The power-law fit to the ALICE data is also shown. The
uncertainties of the data points are the quadratic sum of the
statistical and systematic uncertainties.
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dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼
NJ=ψ

ðA × ϵÞJ=ψ × ð1þ fDÞ × L × ϵveto × BR × Δy
; ð4Þ

where NJ=ψ is the number of reconstructed exclusive or
dissociative J=ψ in the dimuon decay channel, ðA × ϵÞJ=ψ
is the corresponding factor of acceptance times
reconstruction efficiency in the rapidity interval studied,
and BR ¼ ð5.961& 0.033Þ% is the branching ratio for the
decay into a muon pair [60].
The cross section dσ=dyðpþ Pb → pð#Þ þ Pbþ J=ψÞ is

related to the γp cross section σðγ þ p → J=ψ þ pð#ÞÞ
through the photon flux dn=dk,

dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼ k
dn
dk

σðγ þ p → J=ψ þ pð#ÞÞ: ð5Þ

Here, k is the photon energy, which is determined by the
J=ψ mass and rapidity, k ¼ ð1=2ÞMJ=ψ exp ð−yÞ. The
photon flux is calculated using STARlight in impact
parameter space and convoluted with the probability of
no hadronic interaction. The average photon flux values for
the different rapidity intervals are listed in Table III,
together with the extracted cross sections σðγ þ p →
J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ and the correspond-
ing hWγpi. The latter is computed as the average of Wγp

weighted by the cross section σðγpÞ from STARlight.

1. Exclusive J=ψ photoproduction

Figure 6 shows the exclusive J=ψ photoproduction cross
section σðγ þ p → J=ψ þ pÞ reported in Table III as a
function of Wγp, covering the range 27 < Wγp < 57 GeV.
Comparisons with previous measurements and with several
theoretical models are also shown.

Measurements at low Wγp were performed by fixed
target experiments, such as those reported by the E401 [66],
E516 [67], and E687 [68] Collaborations. Recently, mea-
surements were performed near threshold by the GlueX
Collaboration [72] and by the E12-16-007 experiment [73]
which are not shown in Fig. 6 since they fall outside of the
power-law applicability discussed below.
The cross sections are also compared with previous

ALICE results in p-Pb at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [14,69], at
forward, mid, and backward rapidity, covering the energy
range 21 < Wγp < 952 GeV.
In this analysis, a χ2 fit of a power-law function,

NðWγp=W0Þδ, is performed to the two ALICE datasets atffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 and
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV together, with W0 ¼
90.0 GeV, as done in HERA analyses [38–40] and for

TABLE III. Rapidity differential cross sections dσexcJ=ψ=dy and dσdissJ=ψ=dy and the corresponding cross sections
σðγ þ p → J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ for exclusive and dissociative J=ψ photoproduction off protons in
p-Pb UPCs at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV for each rapidity range. The first uncertainty is the statistical one and the second
uncertainty is the systematic one. The numbers of events obtained from signal extraction with their statistical
uncertainties, Nexc

J=ψ and Ndiss
J=ψ , the photon flux, and the range and the mean of Wγp are also presented.

Rapidity
range Nexc

J=ψ , N
diss
J=ψ

dσexcJ=ψ=dy,
dσdissJ=ψ=dy (μb) kdn=dk Wγp (GeV) hWγpi (GeV)

σðγ þ p → J=ψ þ pÞ (nb),
σðγ þ p → J=ψ þ pð#ÞÞ (nb)

(2.5, 4) 1180& 84 8.13& 0.58& 0.43 209& 4 (27, 57) 39.9 39.0& 2.8& 2.2
1515& 83 10.43& 0.57& 1.39 50.0& 2.7& 6.7

(3.25, 4) 564& 53 7.16& 0.67& 0.48 220& 4 (27, 39) 32.8 32.51& 3.0& 2.3
733& 52 9.31& 0.66& 1.28 42.3& 3.0& 5.9

(2.5, 3.25) 629& 54 9.21& 0.80& 0.51 197& 4 (39, 57) 47.7 46.8& 4.1& 2.8
768& 55 11.26& 0.80& 1.53 57.2& 4.1& 7.8

FIG. 6. Exclusive J=ψ photoproduction cross section off
protons measured as a function of the center-of-mass energy
of the photon-proton system Wγp by ALICE in p-Pb UPCs and
compared with previous measurements [14,38–40,43–45,66–69]
and with next-to-leading-order JMRT [70,71] and CCT [37]
models. The power-law fit to the ALICE data is also shown. The
uncertainties of the data points are the quadratic sum of the
statistical and systematic uncertainties.
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dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼
NJ=ψ

ðA × ϵÞJ=ψ × ð1þ fDÞ × L × ϵveto × BR × Δy
; ð4Þ

where NJ=ψ is the number of reconstructed exclusive or
dissociative J=ψ in the dimuon decay channel, ðA × ϵÞJ=ψ
is the corresponding factor of acceptance times
reconstruction efficiency in the rapidity interval studied,
and BR ¼ ð5.961& 0.033Þ% is the branching ratio for the
decay into a muon pair [60].
The cross section dσ=dyðpþ Pb → pð#Þ þ Pbþ J=ψÞ is

related to the γp cross section σðγ þ p → J=ψ þ pð#ÞÞ
through the photon flux dn=dk,

dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼ k
dn
dk

σðγ þ p → J=ψ þ pð#ÞÞ: ð5Þ

Here, k is the photon energy, which is determined by the
J=ψ mass and rapidity, k ¼ ð1=2ÞMJ=ψ exp ð−yÞ. The
photon flux is calculated using STARlight in impact
parameter space and convoluted with the probability of
no hadronic interaction. The average photon flux values for
the different rapidity intervals are listed in Table III,
together with the extracted cross sections σðγ þ p →
J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ and the correspond-
ing hWγpi. The latter is computed as the average of Wγp

weighted by the cross section σðγpÞ from STARlight.

1. Exclusive J=ψ photoproduction

Figure 6 shows the exclusive J=ψ photoproduction cross
section σðγ þ p → J=ψ þ pÞ reported in Table III as a
function of Wγp, covering the range 27 < Wγp < 57 GeV.
Comparisons with previous measurements and with several
theoretical models are also shown.

Measurements at low Wγp were performed by fixed
target experiments, such as those reported by the E401 [66],
E516 [67], and E687 [68] Collaborations. Recently, mea-
surements were performed near threshold by the GlueX
Collaboration [72] and by the E12-16-007 experiment [73]
which are not shown in Fig. 6 since they fall outside of the
power-law applicability discussed below.
The cross sections are also compared with previous

ALICE results in p-Pb at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [14,69], at
forward, mid, and backward rapidity, covering the energy
range 21 < Wγp < 952 GeV.
In this analysis, a χ2 fit of a power-law function,

NðWγp=W0Þδ, is performed to the two ALICE datasets atffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 and
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV together, with W0 ¼
90.0 GeV, as done in HERA analyses [38–40] and for

TABLE III. Rapidity differential cross sections dσexcJ=ψ=dy and dσdissJ=ψ=dy and the corresponding cross sections
σðγ þ p → J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ for exclusive and dissociative J=ψ photoproduction off protons in
p-Pb UPCs at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV for each rapidity range. The first uncertainty is the statistical one and the second
uncertainty is the systematic one. The numbers of events obtained from signal extraction with their statistical
uncertainties, Nexc

J=ψ and Ndiss
J=ψ , the photon flux, and the range and the mean of Wγp are also presented.

Rapidity
range Nexc

J=ψ , N
diss
J=ψ

dσexcJ=ψ=dy,
dσdissJ=ψ=dy (μb) kdn=dk Wγp (GeV) hWγpi (GeV)

σðγ þ p → J=ψ þ pÞ (nb),
σðγ þ p → J=ψ þ pð#ÞÞ (nb)

(2.5, 4) 1180& 84 8.13& 0.58& 0.43 209& 4 (27, 57) 39.9 39.0& 2.8& 2.2
1515& 83 10.43& 0.57& 1.39 50.0& 2.7& 6.7

(3.25, 4) 564& 53 7.16& 0.67& 0.48 220& 4 (27, 39) 32.8 32.51& 3.0& 2.3
733& 52 9.31& 0.66& 1.28 42.3& 3.0& 5.9

(2.5, 3.25) 629& 54 9.21& 0.80& 0.51 197& 4 (39, 57) 47.7 46.8& 4.1& 2.8
768& 55 11.26& 0.80& 1.53 57.2& 4.1& 7.8

FIG. 6. Exclusive J=ψ photoproduction cross section off
protons measured as a function of the center-of-mass energy
of the photon-proton system Wγp by ALICE in p-Pb UPCs and
compared with previous measurements [14,38–40,43–45,66–69]
and with next-to-leading-order JMRT [70,71] and CCT [37]
models. The power-law fit to the ALICE data is also shown. The
uncertainties of the data points are the quadratic sum of the
statistical and systematic uncertainties.
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dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼
NJ=ψ

ðA × ϵÞJ=ψ × ð1þ fDÞ × L × ϵveto × BR × Δy
; ð4Þ

where NJ=ψ is the number of reconstructed exclusive or
dissociative J=ψ in the dimuon decay channel, ðA × ϵÞJ=ψ
is the corresponding factor of acceptance times
reconstruction efficiency in the rapidity interval studied,
and BR ¼ ð5.961& 0.033Þ% is the branching ratio for the
decay into a muon pair [60].
The cross section dσ=dyðpþ Pb → pð#Þ þ Pbþ J=ψÞ is

related to the γp cross section σðγ þ p → J=ψ þ pð#ÞÞ
through the photon flux dn=dk,

dσ
dy

ðpþ Pb → pð#Þ þ Pbþ J=ψÞ

¼ k
dn
dk

σðγ þ p → J=ψ þ pð#ÞÞ: ð5Þ

Here, k is the photon energy, which is determined by the
J=ψ mass and rapidity, k ¼ ð1=2ÞMJ=ψ exp ð−yÞ. The
photon flux is calculated using STARlight in impact
parameter space and convoluted with the probability of
no hadronic interaction. The average photon flux values for
the different rapidity intervals are listed in Table III,
together with the extracted cross sections σðγ þ p →
J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ and the correspond-
ing hWγpi. The latter is computed as the average of Wγp

weighted by the cross section σðγpÞ from STARlight.

1. Exclusive J=ψ photoproduction

Figure 6 shows the exclusive J=ψ photoproduction cross
section σðγ þ p → J=ψ þ pÞ reported in Table III as a
function of Wγp, covering the range 27 < Wγp < 57 GeV.
Comparisons with previous measurements and with several
theoretical models are also shown.

Measurements at low Wγp were performed by fixed
target experiments, such as those reported by the E401 [66],
E516 [67], and E687 [68] Collaborations. Recently, mea-
surements were performed near threshold by the GlueX
Collaboration [72] and by the E12-16-007 experiment [73]
which are not shown in Fig. 6 since they fall outside of the
power-law applicability discussed below.
The cross sections are also compared with previous

ALICE results in p-Pb at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [14,69], at
forward, mid, and backward rapidity, covering the energy
range 21 < Wγp < 952 GeV.
In this analysis, a χ2 fit of a power-law function,

NðWγp=W0Þδ, is performed to the two ALICE datasets atffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 and
ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV together, with W0 ¼
90.0 GeV, as done in HERA analyses [38–40] and for

TABLE III. Rapidity differential cross sections dσexcJ=ψ=dy and dσdissJ=ψ=dy and the corresponding cross sections
σðγ þ p → J=ψ þ pÞ and σðγ þ p → J=ψ þ pð#ÞÞ for exclusive and dissociative J=ψ photoproduction off protons in
p-Pb UPCs at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV for each rapidity range. The first uncertainty is the statistical one and the second
uncertainty is the systematic one. The numbers of events obtained from signal extraction with their statistical
uncertainties, Nexc

J=ψ and Ndiss
J=ψ , the photon flux, and the range and the mean of Wγp are also presented.

Rapidity
range Nexc

J=ψ , N
diss
J=ψ

dσexcJ=ψ=dy,
dσdissJ=ψ=dy (μb) kdn=dk Wγp (GeV) hWγpi (GeV)

σðγ þ p → J=ψ þ pÞ (nb),
σðγ þ p → J=ψ þ pð#ÞÞ (nb)

(2.5, 4) 1180& 84 8.13& 0.58& 0.43 209& 4 (27, 57) 39.9 39.0& 2.8& 2.2
1515& 83 10.43& 0.57& 1.39 50.0& 2.7& 6.7

(3.25, 4) 564& 53 7.16& 0.67& 0.48 220& 4 (27, 39) 32.8 32.51& 3.0& 2.3
733& 52 9.31& 0.66& 1.28 42.3& 3.0& 5.9

(2.5, 3.25) 629& 54 9.21& 0.80& 0.51 197& 4 (39, 57) 47.7 46.8& 4.1& 2.8
768& 55 11.26& 0.80& 1.53 57.2& 4.1& 7.8

FIG. 6. Exclusive J=ψ photoproduction cross section off
protons measured as a function of the center-of-mass energy
of the photon-proton system Wγp by ALICE in p-Pb UPCs and
compared with previous measurements [14,38–40,43–45,66–69]
and with next-to-leading-order JMRT [70,71] and CCT [37]
models. The power-law fit to the ALICE data is also shown. The
uncertainties of the data points are the quadratic sum of the
statistical and systematic uncertainties.
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Boost

Figure 3.6: A large nucleus before and after an ultra-relativistic boost.

function. As one can see from Fig. 3.6, af-
ter the boost, the nucleons, as “seen” by the
small-x gluons with large longitudinal wave-
length, appear to overlap with each other in
the transverse plane, leading to high parton
density. A large occupation number of color
charges (partons) leads to a classical gluon
field dominating the small-x wave-function
of the nucleus. This is the essence of the
McLerran-Venugopalan (MV) model [158].
According to the MV model, the dominant
gluon field is given by the solution of the
classical Yang-Mills equations, which are the
QCD analogue of Maxwell equations of elec-
trodynamics.

The Yang-Mills equations were solved for
a single nucleus exactly [159, 160]; their so-
lution was used to construct an unintegrated
gluon distribution (gluon TMD) �(x, k2T )
shown in Fig. 3.7 (multiplied by the phase
space factor of the gluon’s transverse mo-
mentum kT ) as a function of kT .4 Fig. 3.7
demonstrates the emergence of the satu-
ration scale Qs. The majority of gluons
in this classical distribution have transverse
momentum kT ⇡ Qs. Note that the gluon
distribution slows down its growth with de-
creasing kT for kT < Qs (from a power-law
of kT to a logarithm, as can be shown by
explicit calculations). The distribution sat-
urates, justifying the name of the saturation
scale.

The gluon field arises from all the nucle-
ons in the nucleus at a given location in the
transverse plane (impact parameter). Away
from the edges, the nucleon density in the
nucleus is approximately constant. There-
fore, the number of nucleons at a fixed im-
pact parameter is simply proportional to the
thickness of the nucleus in the longitudinal
(beam) direction.

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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Figure 3.7: The unintegrated gluon distribu-
tion (gluon TMD) �(x, k2T ) of a large nucleus
due to classical gluon fields (solid line). The
dashed curve denotes the lowest-order pertur-
bative result.

For a large nucleus, that thickness, in
turn, is proportional to the nuclear radius
R ⇠ A

1/3 with the nuclear mass number A.
The transverse momentum of the gluon can
be thought of as arising from many trans-

4Note that in the MV model �(x, k2
T ) is independent of Bjorken-x. Its x-dependence comes in though

the BK/JIMWLK evolution equations described above.
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Figure 3.5: The non-linear small-x evolution of a hadronic or nuclear wave functions. All partons
(quarks and gluons) are denoted by straight solid lines for simplicity.

We see that something has to modify the
BFKL evolution at high energy to prevent
it from becoming unphysically large. The
modification is illustrated on the far right of
Fig. 3.5. At very high energies (leading to
high gluon densities), partons may start to

recombine with each other on top of the split-
ting. The recombination of two partons into
one is proportional to the number of pairs
of partons, which in turn scales as N

2. We
end up with the following non-linear evolu-
tion equation:

@N(x, rT )

@ ln(1/x)
= ↵sKBFKL ⌦ N(x, rT )� ↵s [N(x, rT )]

2
. (3.3)

This is the Balitsky-Kovchegov (BK) evolu-
tion equation [147, 148, 149], which is valid
for QCD in the limit of the large number
of colors Nc.3 A generalization of Eq. (3.3)
beyond the large-Nc limit is accomplished
by the Jalilian-Marian–Iancu–McLerran–
Weigert–Leonidov–Kovner (JIMWLK) [143,
152, 153, 154, 155] evolution equation, which
is a functional di↵erential equation.

The physical impact of the quadratic
term on the right of Eq. (3.3) is clear: it

slows down the small-x evolution, leading to
parton saturation, when the number density
of partons stops growing with decreasing x.
The corresponding total cross-sections sat-
isfy the black disk limit of Eq. (3.2). The
e↵ect of gluon mergers becomes important
when the quadratic term in Eq. (3.3) be-
comes comparable to the linear term on the
right-hand-side. This gives rise to the satu-
ration scale Qs, which grows as Q2

s ⇠ (1/x)�

with decreasing x [150, 156, 157].

Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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Exclusive physics at the EIC: study of nuclei

14

What object are we probing?

coherent scattering

incoherent scattering

Coherent interaction: interaction with target as a whole.

∼ target remains in same quantum state.


Incoherent interaction: interaction with constituents inside target.

∼ target does not remain in same quantum state.

    Ex.: target dissociation, excitation
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by g4µ2 by requiring that we get a good description of
the H1 spectra at W = 75 GeV [93]. Because of the prob-
lem with non-perturbative contributions from large r to
the di↵ractive cross section, this normalization is di↵er-
ent from what the fit to the reduced charm cross section
would require. Consequently, the parameter set used in
Refs. [15, 16] also cannot reproduce the normalization of
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the proton color charge density is also fixed by the J/ data.

The results with and without UV damping in the initial con-

dition are shown.

the charm production data.5

We study the evolution of the di↵ractive cross sections

5 Fortunately, some observables, like the incoherent to coherent
cross section ratio, are rather insensitive to this normalization,
as we will show below.
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Phys. Rev. D 98, 034013 (2018)



Experimentally important points
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Classification of di↵ractive events

Coherent di↵raction:

Target remains in the same quantum state, e.g.
� + p ! J/ + p

Probes average interaction

d��⇤
A!VA

dt
⇠ |hA�⇤

A!VAi⌦|2

h i⌦: average over target configurations ⌦
Recall:

A�⇤
p!Vp ⇠

Z
d2bdzd2r �⇤ V (r , z ,Q2)e�ib·�N⌦(r , xP,b)

Incoherent di↵raction:

E.g. � + p ! J/ + p⇤

Targe proton dissociates (p⇤ ! X ).

Gѫ
�G
W�

|t|

Coherent/Elastic

Incoherent/Breakup

W1 W2 W3 W4

Good, Walker, PRD 120, 1960

Miettinen, Pumplin, PRD 18, 1978

Kovchegov, McLerran, PRD 60, 1999

Kovner, Wiedemann, PRD 64, 2001

Mäntysaari, Rept. Prog. Phys. 83, 2020
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~third diffractive minimum.

‣Saturation: 

determine dip position indirectly 

via slope and probe its dependence

With Wɣp

Q ¼ 0. Drastically different patterns for the diffractive t
distribution also emerge between saturation and nonsatu-
ration models for lighter vector meson production such as ρ
and ϕ, with the appearance of multiple dips. Note that the
prospects at the LHeC [4] indicate that access to values of
jtj around 2 GeV2, required to observe the dips for J=ψ, is

challenging. On the other hand, the accuracy that can be
expected at lower jtj should allow us to observe the bending
of the distributions. And lower values of jtj for lighter
vector mesons should be clearly accessible, probably even
at the EIC [3], but for smaller Wγp.
The emergence of single or multiple dips in the t

distribution of the vector mesons in the saturation models
is directly related to the saturation (unitarity) features of the
dipole scattering amplitudeN at large dipole sizes. In order
to more clearly see this effect, let us define a t distribution
of the dipole amplitude in the following way:

dσdipole

dt
¼ 2πj

Z
Λr

0
rdr

Z
d2be−ib·ΔN ðx; r; bÞj2; ð21Þ

where Λr is an upper bound on the dipole size. The above
expression is in fact very similar to Eqs. (1) and (2); see also
Ref. [13]. Note that in Eq. (1), the overlap of photon and
vector meson wave functions gives the probability of
finding a color dipole of transverse size r in the vector
meson wave function and it naturally gives rise to an
implicit dynamical cutoff Λr which varies with kinematics
and the mass of the vector meson. The cutoff Λr is larger at
lower virtualities and for lighter vector mesons. On the
other hand, quantum evolution leads to unitarity constraints
on the amplitude at lower dipole sizes with decreasing
values of x or increasing energies. Thus, by varying the
cutoff Λr, one probes different regimes of the dipole from
color transparency to the saturation regime.
In the 1-Pomeron model, since the impact-parameter

profile of the dipole amplitude is a Gaussian for all values
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Separation of coherent and incoherent signal44 CHAPTER 2. PHYSICS GOALS AND REQUIREMENTS
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Figure 2.21: Left: Differential cross-section of momentum transfer t distribution for coherent
(blue) and incoherent (black) exclusive J/y production in ePb collisions. Right: Differential
measurement of t and the residue distributions after each veto based on the far-forward
detector system.

Previous measurements of charged hadron multiplicities in semi-inclusive DIS off nuclei by the1012

HERMES collaboration have revealed a clear suppression compared to those off the deuteron target1013

[?]. However, the underlying physics mechanism causing such a suppression is still under debate1014

with two primary candidates: parton energy loss before hadronization vs. hadron absorption after1015

hadronization in cold QCD matter, as both of them can describe the HERMES measurements. At1016

the EIC, charm quarks will be copiously produced, making it possible to measure D0 mesons with1017

high precision. Thanks to its large mass, the parton energy loss picture will lead to a suppression1018

of D0 mesons at high z and an enhancement at low z in e+A collisions with respect to that in e+p1019

collisions, while the hadron absorption scenario should result in a suppression at all z [?]. These1020

two distinct behaviors make D0 meson measurements at the EIC a powerful tool for identifying the1021

underlying mechanism and studying properties of cold QCD matter. Due to its short proper decay1022

length of ⇠ 123 µm, a high-precision tracking device with great pointing resolution is needed to1023

separate the D0 decay vertex from the collision vertex. To reconstruct the D0 meson through its1024

exclusive hadronic decay channel of D0 ! p+ + K�, particle identification with high purity and1025

efficiency is also required. As detailed in Table ??, the ePIC detector is well suited to make such1026

measurements thanks to its excellent pointing resolution, powerful particle identification capability1027

and large acceptance. Performance studies of topological reconstruction of D0 mesons are carried1028

out in 10⇥100 GeV e+p and e+Au collisions with a minimum Q2 of 1 GeV2. Identified p and1029

K tracks with opposite electric charges are paired, and topological variables are calculated using1030

the helix swimming method [?] and used to suppress combinatorial background pairs. Resulting1031

invariant mass distributions of opposite-sign p + K pairs in different pair rapidity intervals are1032

shown in Fig. 2.22. The black squares denote distributions for all pairs, where the D0 signal is1033

overwhelmed by background, while red circles correspond to the case after applying topological1034

selections and the signal-to-background ratios are greatly enhanced. As expected, the best signal1035

significance is achieved at mid-rapidity (�1 < y < 1), where the track pointing resolution and1036

particle identification are the best. Based on these studies, the projected statistical errors on the1037

yield ratios of D0 mesons, also referred to as ReA, are shown in Fig. 2.23 as a function of D0 pT. At1038
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Figure 2.20: Left: differential distribution of the momentum transfer |t| of coherent f meson
electroproduction in electron-gold collisions with 18x110 GeV. The Monte Carlo model is
provided by Sartre and the reconstructed distribution is obtained from full ePIC simulation
with the official August 2024 simulation campaign. Right: the momentum transfer t recon-
struction resolution as a function of the true t.

Signal efficiency Background efficiency
3 tracks 0.97383 0.914885

J/y mass window 0.898815 0.827045
Veto signals in B0 0.898805 0.429656

Veto signals in OMD 0.898805 0.29286
Veto signals in ZDC 0.898795 0.013776

Table 2.2: Event composition in incoherent J/y production before and after full event selec-
tion

Therefore, the vetoing power is sufficient to supress the incoherent production down to a level1004

below the first diffractive minimum but not quite for the second and third minima.1005

2.4.4.2 Nuclear Modifications of Parton Distribution Functions1006

[A study will be performed later and added before the final version of the TDR.]1007

2.4.4.3 Passage of Color Charge Through Cold QCD Matter1008

The e+A collisions at the EIC also provide a unique opportunity to study how the presence of a1009

nuclear environment affects the evolution of colored objects, from which nuclear properties can be1010

extracted.1011
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Figure 2.20: Left: differential distribution of the momentum transfer |t| of coherent f meson
electroproduction in electron-gold collisions with 18x110 GeV. The Monte Carlo model is
provided by Sartre and the reconstructed distribution is obtained from full ePIC simulation
with the official August 2024 simulation campaign. Right: the momentum transfer t recon-
struction resolution as a function of the true t.
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Figure 5: Distribution of the form factor from Eq. 1 as a function of (qx, qy),
with 25 MeV/c resolution added to the qx axis. A wedge cut of ✓max = ⇡/12
from the qy axis is indicated by arrow.

(red dotted curve in Fig. 6), where the di↵ractive pattern is
largely washed out, one can see a clear structure of peaks and
valleys in the projected |t| distribution for a wedge selection of
✓max = ⇡/12. This significant enhancement in resolving the
di↵ractive pattern is essential for using the |t| distribution to im-
age the gluon spatial distribution inside nuclei. However, it is
worth noting that a loss of statistics occurs when employing a
selective phase space as seen in Fig. 6. For example, about
83% of coherent VM events are excluded with the ✓max = ⇡/12
wedge cut for the 25 MeV/c resolution. The optimal wedge
selection should be determined experimentally based on the de-
tector resolution and available statistics. For completeness, the
analytical distribution of the form factor is also in Fig. 6 as the
black solid curve. As expected, the di↵ractive patten is more
distinct compared to the case with detector resolution and with-
out a phase-space selection in the specific |t| decomposition.

4. Summary and Outlook

In summary, we developed a unique approach to overcome
the challenges of overwhelming incoherent background and
limited detector resolution in utilizing coherent VM produc-
tion for imaging the gluon spatial distribution inside nuclei.
Specifically, the incoherent background can be separated from
coherent VM production in collisions of transversely polarized
electron beams by exploiting the angular distribution of decay
daughters from VM. Moreover, the projected |t| distribution per-
pendicular to the electron scattering plane can be used to avoid
the e↵ect of limited precision in measuring the outgoing elec-
tron’s momentum. This is achieved by applying a selective
phase space constraint in the transverse |t| plane. Consequently,
the theoretically predicted di↵ractive pattern for coherent VM
production is largely restored, enabling a high-priority program
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Figure 6: Projected |t| distribution with a phase space constraint of ✓max = ⇡/12
for coherent VM production. It is compared to the theoretical expectation of
the full |t| distribution as well as that with detector resolution but without the
selection of phase space (i.e., ✓max = ⇡/2).

at the EIC and other facilities aimed at measuring the gluon
distribution in the nucleus and its dynamics.

In future work, we will implement this approach into the sim-
ulation of the ePIC detector, the baseline detector for the EIC.
We will determine the phase-space selection based on the pro-
jected EIC luminosity and realistic angular resolution of outgo-
ing electrons. An unfolding procedure will be employed to cor-
rect for the detector resolution in the measured projected |t| dis-
tribution. The proposed technique can also be applied to other
electron-hadron experiments, such as those in the Continuous
Electron Beam Accelerator Facility at JLab [29, 30], EicC in
China [4] and LHeC at CERN [5, 6], to fully exploit the power
of imaging gluon distributions with coherent VM production.

This research is supported by the US Department of Energy,
O�ce of Nuclear Physics (DOE NP), under contract Nos. DE-
FG02-89ER40531, DE-SC0012704.
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blue vertical arrow points along the normal direction (n̂) of the
electron scattering plane, spanned by the momenta of incom-
ing and outgoing electrons. Here, we define the z direction as
the virtual photon’s travel direction within the electron scatter-
ing plane, the y direction to be parallel to n̂, and the x direction
within the electron scattering plane and perpendicular to z.

The projection of |t| to the n̂ direction is given by:

|tn̂| = [(pe � pe0 � pVM) · n̂]2, (4)

where n̂ = (0, 1, 0, 0). Taking into account that n̂ is perpendic-
ular to the momentum vectors of incoming and outgoing elec-
trons, Eq. 4 reduces to:

|tn̂| = (pe · n̂ � pe0 · n̂ � pVM · n̂)2

= (pVM · n̂)2. (5)

This e↵ectively eliminates dependence on the electrons’ mo-
menta, so their measurement resolution does not contribute to
|tn̂|. Only the electrons’ flying directions before and after scat-
tering are needed, which can be measured with much better pre-
cision than their momenta.

If one directly plots the form factor as a function of |tn̂|, equiv-
alent to integrating over other components of |t|, smearing in the
di↵ractive pattern would still appear. Instead, we have to find
the phase space where |tn̂| is the dominant component of |t|. To
achieve that, we decompose t as

t = t? + tk, (6)

where t? = tx + ty and tk are transverse and longitudinal com-
ponents. tk lies along the z direction, while tx and ty are the
components along x and y directions. tk is determined by the
VM mass and longitudinal momentum conservation, and is ne-
glected in this work as usually tk ⌧ t? for high-energy nuclei
[10]. Note that ty ⌘ tn̂, and tx is directly a↵ected by the outgoing
electron’s momentum resolution. We further define:

t? = q2
? = q2

x + q2
y , (7)

and

qx = q? sin(✓), qy = q? cos(✓), (8)

Figure 4: Distribution of the form factor from Eq. 1 as a function of (qx, qy).

where ✓ is the angle between q? and qy in the x � y plane.
The form factor for coherent VM production (Eq. 1) as a

function qx and qy is shown in Fig. 4, where the di↵ractive
pattern of peaks and valleys show up as concentric circles. We
can now apply an angle cut (✓ < ✓max) to select the phase space
where ty dominates over tx, approximating the projected |t| dis-
tribution along the n̂ or y direction:

|F(t)|2 !
Z ✓max

0
|F0(t, ✓)|2 d✓ = |Fn̂(t)|2. (9)

Consequently, when ✓max is small, most of the qx component,
and thus the outgoing electron’s momentum resolution, is elim-
inated.

The e↵ectiveness of the proposed approach in suppressing
the impact of limited precision in measuring tx can be demon-
strated analytically by expanding the form factor (Eq. 1) around

3
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M. Kesler et al., 

arXiv:2502.15596
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Figure 2.20: Left: differential distribution of the momentum transfer |t| of coherent f meson
electroproduction in electron-gold collisions with 18x110 GeV. The Monte Carlo model is
provided by Sartre and the reconstructed distribution is obtained from full ePIC simulation
with the official August 2024 simulation campaign. Right: the momentum transfer t recon-
struction resolution as a function of the true t.
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Table 2.2: Event composition in incoherent J/y production before and after full event selec-
tion

Therefore, the vetoing power is sufficient to supress the incoherent production down to a level1004

below the first diffractive minimum but not quite for the second and third minima.1005
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The e+A collisions at the EIC also provide a unique opportunity to study how the presence of a1009
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First measurement of the |t|-dependence of coherent J/ψ photonuclear productionALICE Collaboration
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Figure 2: Dependence on |t| of the photonuclear cross section for the coherent photoproduction of J/ψ off Pb
compared with model predictions [10, 11, 26] (top panel). Model to data ratio for each prediction in each measured
point (bottom panel). The uncertainties are split to those originating from experiment and to those originating from
the correction to go from the UPC to the photonuclear cross section.
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Imaging light nuclei
Coherent DVCS on light nuclei requires their intact detection and provides access to nuclear 
GPDs: imaging of partons in a nuclear medium.  

Deuteron: spin-1. Many more GPDs at leading twist — theoretically well-described, 
experimentally almost untested. Challenge to detect d at low-t: use veto of deuteron breakup.

3He: spin-1/2. DVCS amplitude has same GPD decomposition as for nucleon, binding energy 
larger than for deuteron — ideal to look for onset of nuclear effects.  
Polarised neutron — possibility for completely new studies.

4He: spin-0. Only one leading-twist GPD! Fully bound 
nucleus — access to medium-modification effects. 
Studies with TOPEG generator (G. Penman, Glasgow)

Incoherent DVCS (or meson-production): scatter 
from the nucleon, tag the process by detecting 
the spectator recoil        access to measurements 
on a quasi-free neutron. 
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e+He3 spectator tagging

u-channel backward exclusive 
electroproduction

…and MANY more!
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Summary and outlook
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•The EIC will provide measurements of exclusive processes of very high precision


•Complementarity of different beam energies: extended kinematic coverage


•Polarisation of electron and proton beam in hard exclusive photon and meson production: 

access to all, eight leading-twist GPDs 


•EIC covers large variety of nuclei

   valuable for study of nuclear effects and saturation


•Efforts for a second detector at IR8 ongoing:

•Access to lower  in exclusive processes compared to ePIC


•Detection of heavier nuclei in exclusive, coherent scattering compared to ePIC

→

t


