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A. Dainese et al., CERN Yellow Reports: Vol. 7 (2019)

pp collisions

Vs = 14 Tev

ATLAS/CMS & : 5 - 10°* cm—2s-1 — Z:i : 3000 fb~!
LHCb &£ : 2 -10°/2 - 10 cm-2s-1 — Ziy : 300 fo~!

PbPb collisions

ALICE/ATLAS/CMS RUN4: Zint : 6.8 nb~!
LHCb RUN4: &t : 1.0 nb~!

pPb collisions

\/Syny = 8.8 TeV

ATLAS/CMS RUN4: &t : 0.6 pb~!
ALICE/LHCb RUN4: &t : 0.3 pb™!

Also pO and OO runs and possibly other
Intermediate-mass nuclei such as Ar-Ar



The electron-1on collider
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The electron-1on collider
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The ePIC detector

hermetic coverage:
0°o<p<360°
20<0<178° — -4<n<4
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The ePIC detector

hermetic coverage:
0°o<p<360°
20<0<178° — -4<n<4
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9.0 m Data acquisition:
no trigger; all collision data is digitised
4 with strong zero-suppression at front-end electronics



The ePIC detector
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The ePIC detector
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Kinematic coverage
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Impact of HL-LHC on determination of PDFs

A. Dainese et al., CERN Yellow Reports: Vol. 7 (2019)

Predictions based on

< = 3 ab-! for ATLAS and CMS
< = 0.3 ab! for LHCb

aty/s = 14

Limited amount of considered processes:

* high-mass Drell-Yan

* top-quark pair production
* (high-pT) Z

* W(+charm quark)

* Isolated photons

* Inclusive jet production

PDFs at the HL-LHC (Q =10 GeV)
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Impact of HL-LHC PDFs on Higgs production and BSM searches

A. Dainese et al.,

gg =>h =>bb @ HL-LHC {s=14 TeV CERN Yellow Reports: Vol. 7 (2019)
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Impact of EIC on determination of PDFs

Inclusive e-p data only
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Impact of EIC on determination of PDFs

Inclusive e-p data only

Eep: 18x275, 10x275, 10x100
5x100, 5x41

<. 1 year of data collection for each Eep
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Nuclear PDFs at EIC
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Nuclear PDFs at EIC
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Probing small-x gluon PDFs: Forward Calorimeter (FoCal) at ALICE
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Probing small-x gluon PDFs: Forward Calorimeter (FoCal) at ALICE

Fig. adapted from CERN-LHCC-2020-009
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Expected impact of FoCal on gluon PDFs

Impact of direct photons  CERN-LHCC-2020-009
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Expected impact of FoCal on gluon PDFs

Comparison to EIC  cerN-LHCC-2020-009
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Study of hadronisation

Virtual
Photon

Fully Formed
Hadron

* Energy loss of parton by medium-induced gluon radiation

* Energy loss of (pre-)hadron via
absorption and rescattering (small)
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Virtual
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* Energy
 Energy

Fully Formed
Hadron

oss of parton by medium-induced gluon radiation

oss of (pre-)hadron via

absorption and rescattering (small)

e Partonic and hadronic processes: different signature

— using variety of nuclei probe space-time evolution

of hadron formation 13



Study of hadronisation
At /DY

ALICE, Phys. Rev. Lett. 127 (2021) 202301

| | | | | |
1= ALICE _
—e— pp, Vs =5.02 TeV

- —— PYTHIA 8 (Monash) | ti b d th
________ PYTHIA 8 (CR Mode 2) = colour reconnection peyon e

i N HERWIG 7 leading-colour approximation
Catania, fragm.+coal.
Virtual B M. He and R. Rapp:

Photon

—— SH model + PDG

/ D°

| statistical hadronisation model

SH model + RQM = _ _

Fully Formed s H E‘ + decaying excited states
Hadron ﬁ ”y| < 0.5

+
C

A
o
o

,,,,,,,,,,,,,,,,

* Energy loss of parton by medium-induced gluon radiation |
e Decrease with pt

* Energy loss of (pre-)hadron via

— ' :
absorption and rescattering (small) suggests difference for meson and baryon formation

° +A-
» Partonic and hadronic processes: different signature Larger than for e*e- and ep measurements

— using variety of nuclei probe space-time evolution — suggest additional mechanisms in hadron-hadron

of hadron formation 13 collisions



GPDs at the EIC and LHC

Hard exclusive meson production
Hard scale=large Q2
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GPDs at the EIC and LHC

Hard exclusive meson production Exclusive meson photoproduction Exclusive meson photoproduction
Hard scale=large Q2 Hard scale = large charm/bottom-quark mass Hard scale = large charm/bottom-quark mass
down to xg=10-4 at HERA/EIC down to xg=10-6 at LHC!
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J/P photoproduction cross section Biorken-x
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J/P photoproduction cross section Biorken-x
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GPDs at LHC and the EIC
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Polarisation and angles

» for spin-1/2 hadron:

Four parton helicity-conserving twist-2 GPDs

H(z, &, 1) E(z,&,1)

H(z,&,t) E(z,¢,t)

proton helicity non flip| proton helicity flip

Four parton helicity-flip twist-2 GPDs

HT(xvgvt) ET(CU,f,t)

ﬁT(ajvg?t) ET(Qj,f,t)

parton-spin independent

parton-spin dependent
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» for spin-1/2 hadron:

Four parton helicity-conserving twist-2 GPDs
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proton helicity non flip

Four parton helicity-flip twist-2 GPDs
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scattering plane

parton-spin independent

parton-spin dependent
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Exclusive p on transversely polarised p

HERMES, Eur. Phys. J. C 77 (2017) 378

Possible at EIC
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8% uncertainty target polarization
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Amplitude ratios
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POIarisatiOn and angles Exclusive p on transversely polarised p

Possible at EIC HERMES, Eur. Phys. J. C 77 (2017) 378
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Polarisation and angles

» for spin-1/2 hadron:

Four parton helicity-conserving twist-2 GPDs

H(z, &, 1) E(z,&,1)

E(z,&,t)

proton helicity flip

H(z,&,t)

proton helicity non flip

Four parton helicity-flip twist-2 GPDs

HT(CU,g,t) ET(a?vgat)
ﬁT(ﬂf,g,t) ET(Qf,f,t)
lsile)lt(t);ring plane T&

parton-spin independent

parton-spin dependent

Exclusive p on transversely polarised p
Possible at EIC HERMES, Eur. Phys. J. C 77 (2017) 378
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Exclusive production of y-meson pair in UPCs:

probe different types of GPDs and access to variety of hard scales.
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— probe gluon saturation
— nuclear imaging in position space.:

ALICE, Phys. Lett. B 817 (2021) 136280
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Inclusive photoproduction at the LHC

Dijets in PbPb collisions
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Inclusive photoproduction at the LHC
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Inclusive photoproduction at the LHC

Dijets in PbPb collisions ZDC
r— proating on
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Multiple neutr:
Quarkonia in pPb collisions
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%% S © Investigation of quarkonium production mechanism,

gluon distribution
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https://indico.cern.ch/event/1324160/contributions/5706251/attachments/2777507/4840956/KateLynch_QaT-v0.pdf

TMD PDFs at the LHC and EIC
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TMD PDFs at the LHC and EIC
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TMD PDFs at the LHC and EIC
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Spin-independent quark TMD PDFs at the LHC and EIC

ART34 extraction: at N4LL
V.Moos et al., arXiv.:2305.07473
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Spin-independent quark TMD PDFs at the LHC and EIC
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Power corrections at the LHC and EIC o
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Power corrections at the LHC and EIC o
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Summary

* \Vast complementarity between (HL-)LHC and EIC

o Study of the multi-dimensional hadron-structure:
* EIC provides high precision and polarisation
 LHC covers otherwise unaccessible low-xg regions

* Nuclear matter
* EIC covers large variety of nuclei
—> valuable input for cold nuclear matter determination and for QGP studies
—> precise study of hadronisation, can help to understand LHC baryon data and QGP studies

e Study of saturation effects
Not an easy task: combined LHC and EIC data highly valuable!

* Originally not planned, but highly welcomed fixed target at the LHC
e covers, as does the EIC, the large-xs region
* improved determination of PDFs in large-xg region —> improved SM constraints and BSM searches
e transversely polarised would allow to extend the complementarity with EIC and
among others, test sign change of T-odd TMD PDFs, such as Sivers TMD PDF.
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