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Luminosity and centre-of-mass energy: ep collisions

Beam-beam limited
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Luminosity for eA similar within factor 2-3



The electron-ion collider (EIC)
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The electron-proton/ion collider (ePIC) detector
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Horizontal X (mm)

The electron-proton/ion collider (ePIC) detector

hermetic coverage:
0°o<p<360°
20<0<178° — -4<n<4
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The electron-proton/ion collider (ePIC) detector

+ far forward
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Horizontal X (mm)

The electron-proton/ion collider (ePIC) detector
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Tracking system
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Electromagnetic calorimeter

Electron Endcap EMCal
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Hadronic calorimeter
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Hadronic calorimeter
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Hadronic calorimeter
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Hadronic calorimeter
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Particle identification

detectors based on

Cherenkov radiation

for 1 GeV/c<p<50 GeV/c
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Particle identification
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Particle identification
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detectors based on

Cherenkov radiation

bar

Fused silica

high-performance DIRC

for 1 GeV/c<p<50 GeV/c

| -
O
(V)
=
Q
v
&
O
dad
O
i
s

(O
b=
‘n
9 E
w
= e
w o
| gy g
| . _
OO y
QO
(] :
O
N
o
O
w
srasena @)
4J
O
o
(O
a4
A

Q==

Focusing lens

v

Silica aerogel



identification

Particle

—

- ——
e
—

—

—_—

\
\\

detectors based on

Cherenkov radiation

al | |

>

for 1 GeV/c<p<50 GeV/c

T1/p separation power at 7 GeV/c

high-performance DIRC

Fused silica
prism

WAy g
T
LT
T T

7 -

1

L cos O, x —

Y prad T
] ‘ _-e. It
allT - i . ] P .
M ad | ¥ | 3
. rr =, r | f I ' T'rs
{ | .1 L] 34
1 d Shag, " : 1 LTl
LI ol B* Ll LI eadLly
! 4 -4 e $s
. 1 I | O
I :;’f". ;
—— f 1] 'y
LT #
’Il-l
.

- Radiator:

_P__P__b___p__p__p__hph
(=] [ =] o o o o
R & & ¢ ©
| ; [#] seuue
(T 5= —
O @© @)
= 0 v
) =
Q
3 ’
n . -
> N & S
L N
N7 O
i
o

Q==

Focusing lens

v

Silica aerogel



spherical mirrors

Particle identification
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Particle identification

detectors based on
Cherenkov radiation

for 1 GeV/c<p<50 GeV/c
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Far-backward region
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Far-backward region
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Far-forward region

BO detector
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Why and electron-ion collider

probing saturation
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Why and electron-ion collider

nucleon spin

spin-dependent nucleon multi-dimensional structure
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Why and electron-ion collider

probing saturation
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Why and electron-ion collider
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Why and electron-ion collider

probing saturation
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Kinematic coverage at the EIC

ATHENA, JINST 17 (2022) 10, P10019
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Helicity structure of the nucleon: gluons

ECCE consortium, 10.5281/zenodo.6537587
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Helicity structure of the nucleon: gluons

ECCE consortium, 10.5281/zenodo.6537587
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Inclusive measurements
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Helicity structure of the proton: sea quarks
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Semi-inclusive measurements, via good hadron PID
— access to sea-quark spin
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Helicity structure of the proton: sea quarks
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Semi-inclusive measurements, via good hadron PID
— access to sea-quark spin
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Helicity structure of the proton: sea quarks O

1 et al., NIM A 1056 (2023) 168563

—— DSSV 14

DSSV + EIC DIS /s = 45 GeV
B ECCESIDIS /s = 28.6 GeV
Bl ECCESIDIS /s = 140.7 GeV

Q? = 10 GeV?

Semi-inclusive measurements, via good hadron PID
— access to sea-quark spin
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TMD PDFs: Sivers




TMD PDFs: Sivers

Sivers asymmetry

6" (¢, ps) o Sy 2(sin(¢p — ¢g))p sin(p — ) - C[fi x DI7M)
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TMD PDFs: Sivers

Sivers asymmetry

o"(, bs) & Sy 2(sin(eh — ¢p5)) 7y sin(g — ¢b)

R. Seidl, A. Vladimirov et al., NIM A 1055 (2023) 168458
Parametrisation: M. Bury et al., JHEP 05 (2021)151

0.05[y | 5 L SN S SAE
_ 5 x 41 10fb™ | 10 x 100 10fb~" : 18 x 245 10fb™"

g 004 e 0.3,0 5]] : :

| z € [0.21,0.46

g V03 > €[0.2,0.3]

llllllllllllllllllllllllllllllllll

Decrease of asymmetry with increasing Q2 — need high precision (<1%) to measure asymmetry at high Q2
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Impact of EIC on Sivers TMD PDF

R. Seidl, A. Vladimirov et al., NIM A 1055 (2023) 168458
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Impact of EIC on Sivers TMD PDF

R. Seidl, A. Vladimirov et al., NIM A 1055 (2023) 168458
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Impact of EIC on Sivers TMD PDF

R. Seidl, A. Vladimirov et al., NIM A 1055 (2023) 168458
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Studies with quarkonia

would give access to
gluon TMD PDFs
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kT [GGV]

L = 10 fb~ ! for each collision energy




Di-hadron production and jets In eA

- Complementarity region covered by > EIﬁl |
dihadron and jet production TR S\ N
# correlated back-to-back hadron pairs in :E | \
e+Au/e+p scaled by A1/3 « -
Away-side suppression ATHENA

e+A 18x110 GeV

No saturation

% Dihadron cuts:
- Dijet cuts: p,, >2 GeV/c
Saturation Pr oy > 5 GeV/c P, >p,,>1GeVic

Pr et > Pr o0 > 4 GeV/C z,>02,2,<04

0.3 —  Phys.Rev.D 89, 074037 model, dihadron uncertainties
— Pythia6 w/ nPDF, dihadron uncertainties
— Pythia8 w/ nPDF, di-jet uncertainties
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Exclusive measurements on p with the EIC -

Deeply virtual Compton scattering Exclusive J/y production
— sensitive to quarks (and gluons) — excellent to probe gluon GPDs
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EXclusive measurements on nuclear targets

What object are we probing?
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EXclusive measurements on nuclear targets

What object are we probing?
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EXclusive measurements on nuclear targets

What object are we probing?

coherent scattering

Coherent interaction: interaction with target as a whole.
~ target remains in same gquantum state.
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EXclusive measurements on nuclear targets

What object are we probing?

coherent scattering

Incoherent scattering

Coherent interaction: interaction with target as a whole.
~ target remains in same gquantum state.

Incoherent interaction: interaction with constituents inside target.
~ target does not remain in same quantum state.

EX.: target dissociation, excitation
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EXclusive measurements on nuclear targets

What object are we probing?

coherent scattering

Incoherent scattering

- Incoherent/Breakup
S
O
©
- R : : - Coherent/Elastic
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 _ |
EIII|III|III|III|III|III|III|III|III|I
T4 to i3 ¥
[t
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Coherent eA production

— probe gluon saturation

— nuclear imaging in position space.:

Need measured pr range as extended as possible.

/. . Experimentally limited by maximum transverse momentum.
dAJ_ GPD(LE, O, AJ_) fi_rLbLAL P Y Y
V ~third diffractive minimum.
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Coherent eA production

— probe gluon saturation

— nuclear imaging in position space.:

& . A, Experimentally limited by maximum transverse momentum.
dAJ_ GPD(CE,O,AJ_) € i :
) Need measured pr range as extended as possible.
~third diffractive minimum.
Toll, Ulrich, PRC 87 (13) 0249
i o coherent - no saturation : tA : :
10ty IV = Inooherent = no selration — resolving minima is crucial

== = coherent - saturation (bSat)
S o * Incoherent - saturation (bSat) * Need 90%, 99%, and > 99.8% veto efficiency for
O 10°E | fLdt = 10/A b - - : .
S F - 1 <02 <10 GeV2. x < 0.01 Incoherent production, for the respective minima at
e [ e increasing t.
= 102 2330000000000
g . =B Mnumn“om...m““ sooe .
£ P "~ » veto of events where nuclel break up
E 10 = _
< : - — use entire far-forward detector systems
() ~ *E;] :
- -
2 'F i
e 0 i ' * Need precise determination of t
T 107 In(édecay)| < 4 ‘&; _ , ,

= () Pledecay) > 1 GeVic * reconstruction via scattered lepton and exclusively

I N N R B B | produced vector meson/photon

0 0.02 0.04 0.06 0.08 0.1 6.12 0.14 0.16 6.18
|t| (GeV?) 29




coherent scattering

Incoherent production

iIncoherent scattering

Trot ~ (|A[%) average over amplitudes squared

average amplitude over target configurations:

Teon ~ |(A)]° AR
probes average distributions

19 Incoherent
Oincoh ™~ Al '
h %;Z (1 A[2) = difference between both:

probes event-by-event fluctuations

= > AL fIAN) — (i Als) (i Al)
r

= (4P - [(a)P)
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coherent scattering

Incoherent production

iIncoherent scattering

Trot ~ (|A[%) average over amplitudes squared

average amplitude over target configurations:

Teon ~ |(A)|7 AR
probes average distributions

o Al 2 Incoherent
Tincoh Z|<f| )] = difference between both:

J7 probes event-by-event fluctuations
= SGIAIA ALY — (61 ALY 1AL [ Ay Da183553 I
f 7 O o
2 Q_1_ 10.4
= ((4P) - ()P)
4 10.2
£ 0
1l
1 0 1 1 0 1 H. Mantysaari and B. Schenke.

23 [fm] z[fm] Phys. Rev. D 98, 034013 (2018)



Exclusive measurements on A with the EIC

EPIC
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Summary

EIC with ePIC can address various aspects of the nucleon and nuclear structure through:

» Precise inclusive (spin-dependent) DIS measurements via high-resolution EM calorimeters.

» Measurements for 3D (spin-dependent) tomography in momentum space provided by
good Cherenkov-based and TOF AC-LGAD hadron PID detectors and tracking.

» Exclusive measurements on protons, using the far-forward detector system
- Diffractive and exclusive measurements with coherent/incoherent separation via
very precise EM calorimeters and far-forward detector system.
- Quarkonium production offers large possibility to study hadron structure and quarkonium production

Possibilities for ePIC with current design and muon detection for second detector
need to be investigated!
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