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DIS in the big picture of HEP 
Fabrizio Caola 

DIS: a unique microscope
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LHeC, FCC-eh

e+e- colliders (FCC-ee, CLIC, ILC)

EIC, EICc

Muon collider

Fix target experiments at CERN

JLAB experiments

Neutrinos experiments

Dark Matter searches

Other future experiments and upgrades

New Analysis Methods


Future Facilities
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Timeline of Future 
Colliders 

EIC
MIC Muon collider
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Physics with Energy Frontier DIS 

Ultimate Questions and Challenges in QCD


Pillars of EIC Physics:

How does the spin of proton arise? (Spin puzzle)

What are the emergent properties of dense gluon system?

How does proton mass arise?

opportunity  for unprecedented increase in DIS kinematic 
reach;


 ×1000 increase in lumi. cf. HERA


completely resolve all proton pdfs, 

sensitivity to x→1, and exploration of small x regime; 


extensive additional physics programme ⨉15/120 
extension in Q2,1/x reach vs HERA Physics with Energy 
Frontier 
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Proton and Nuclear

Collinear PDFs
✦ Global analyses of PDFs prove our understanding of QCD and of the nucleon structure

✦ Key inputs for precision programs at hadron colliders, e.g., precision EW measurements, searches for new physics BSM

✦LHC delivers plenty of PDF sensitive data with high statistics and with theory evaluated almost all at NNLO; some of the N3LO 

calculations are already available; however, an advance on the treatment of the LHC experimental systematics and methodologies 
of PDF determinations can be crucial 


✦ LHC-independent inputs on PDFs, from DIS experiments or lattice QCD simulation with improved precisions, are highly valuable 

Global fits constrain high x region with

fixed-target (eA) DIS + PDF-sensitive LHC

data 

improves precision, but adds theoretical 
complexity, requiring increased tolerances 
where there are tensions

Comparison between proton PDF fits
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input to collinear parton densities with wide-ranging impact:


- eA measurements in the low x region for the first time

Knowledge of nuclear PDFs (especially gluon) in the

low x region

 Key to EIC physics programme of exploring new

strong interaction dynamics in densely packed gluon systems


- Precise ep data in large x region covering wide range of

large(ish) Q2:

Precision on all proton PDF species from an experimentally and 
theoretically cleaner DIS-only extraction

Key to optimizing sensitivity to new BSM physics near to kinematic 
limit at the LHC and elsewhere

Proton and Nuclear

Collinear PDFs

EIC will be world’s first …

 - eA collider

- High lumi ep Collider

- Polarised target collider 


explore potential EIC impact on our knowledge of

unpolarised collinear eA and ep parton densities.

Paul Newman



From PDFs to precision EW 
measurements
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Electron-Ion Collider

The Future of DIS 
Jorgen D’Hondt



3D structure and spin  

physics  @ EIC 

Analyses by the DSSV and the JAM 
collaborations show that inclusive 
electron-proton scattering at the 
EIC will constrain the polarized 
gluon PDF to a remarkable degree

Can we probe pion GPDs?
[JMMC et al.-PRL:128, LK18061 (2022)

The 3D structure of pions at future 
electron-ion colliders

Jose Manuel Morgado Chávez
Probing the origin of nucleon spin with 
ECCE

Tyler Kutz
Probing nucleon spin structure with 
inclusive DIS at EIC-ATHENA

Barak Schmookler
Exploring the origin of the EMC effect 
with electron-deuteron DIS and 
spectator nucleon tagging at EIC

Zhoudunming Tu
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JLAB future experiments

The Future of CEBAF

Reza Kazimi
Deeply virtual Compton scattering with 
polarized positrons : perspectives for 
Jefferson Lab

Silvia Niccolai
Measurement of Lepton-Charge 
Asymmetry Using a Positron Beam at 
Jefferson Lab

Xiaochao Zheng
3D Nucleon Structure with SoLID

Chao Peng
CLAS12 luminosity upgrade and future 
physics opportunities

Stepan Stepanyan

SoLID 

PEPPo(Polarized Electrons for Polarized Positrons) => demonstrate 
feasibilityof using bremsstrahlung radiation of MeV energy Polarized 
Electrons for production of Polarized Positrons.
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Fix target experiment 
at CERN
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EIC Far-Forward 

Far-forward/
backward  area at 
EIC : +/-40m  

Far-Forward Detector 
Instrumentation for the ATHENA 
Collaboration at the EIC

Alex Jentsch
Coherent Deep Virtual Compton 
Scattering on $^4$He with CORE@EIC

Andrey Kim
Incorporating Critical Beam Effects 
into Physics and Detector Simulations 
for the Electron-Ion Collider

Brian Page
Study of exotic nuclei made easy – a 
potentially novel topic for physics at 
the EIC

Brynna Moran

Simulating Beam Effects in PYTHIA 

➢ Collision Vertex

➢ Beam Momenta

➢ Final State Particle Distributions
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EIC Far-Forward 

• We have shown that the EIC has 
the potential to produce exotic 
nuclei.

• These nuclei can be detected and 
identified using the proposed optics
of the second interaction point with its 
secondary focus.
• Studying the level structure of the 
produced isotopes will be possible
through the detection of the de-
excitation photons.

Motivating Questions

• Would the high-energy electron-heavy nucleus 
scattering of the future EIC have the capability to 
produce exotic nuclei?

• Can we go on to detect and correctly identify 
the produced exotic nuclei?

• Can we also study the level structure of the 
nuclei by detecting the decay photons? What 
requirements does this place on the far forward 
detection area?


Advantages of EIC in Rare Isotope Studies:

- High energy collisions

-Survey-type experiment

2 Interaction Regions: IR6 and IR8

2022 EIC Detector Proposal Advisory Panel

report cites these types of studies when

discussing potential future experiments.



Saturation Physics 

(Color Glass Condensate)
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DIS in the big picture of HEP 
Fabrizio Caola 



UPC at heavy ion colliders
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DIS in the big picture of HEP 
Fabrizio Caola 



EIC and EIcC
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HIAF construction is near 
complement

Aiming to finish EicC CDR 
by 2023

Hope to get support in 
the next 5-year-plan and 

first collision in 2032

arXiv: 2102.09222

SIDIS reconstruction and observables at 
EIC with ATHENA

Connor Pecar
Exclusive Lepton Pairs at the Electron-
Ion Collider

Krzysztof Piotrzkowski
Study of SIDIS observables with the 
Athena Detector

Duane Byer
Proton and Nuclear Collinear Parton 
Densities at the Electron Ion Collider 
using simulated ATHENA Data 
Paul Richard Newman
Overview of Electron-ion collider in 
China 

Jinlong Zhang 

EIC
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Muon Colliders  

The Physics Potential of a TeV 
Muon-Ion Collider

Darin Acosta

A Future Muon-Ion Collider at 
Brookhaven National Laboratory

Ethan Cline

Detector design for a multi-TeV 
muon collider

Nazar Bartosik

multi-TeV Muon Collider facility 



Neutrinos Experiments  
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Scattering and Neutrino Detector at 
the LHC

Marco Dallavalle
Deep-inelastic scattering with TeV 
neutrinos at the Forward Physics 
Facility

Juan Rojo
Precision measurements of 
(anti)neutrinos interactions with the 
SAND detector at the DUNE near site

Gabriele Sirri
Probing Free Nucleons
with (Anti)neutrinos
Riccardo Petti

SND@LHC 
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LHeC and FCC-eh

The Future of DIS 
Jorgen D’Hondt



Summary
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We have a very rich, diverse 
and challenging Physics 
Program for the next decades


The EIC community can give a 
very valuable contribution


Which interests, expertises and 
possible contributions from the

EIC_net community?


Time to discuss…

 



3D structure and spin  

physics  @ EIC 
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Quark-gluon discrimination
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 e+e- collider:

 FCC-ee, CEPC, ILC, CLIC

Unique QCD precision studies accessible at 
FCC-ee (CEPC, ILC):
NnLO+NnLL jet
substructure
<1% control of
colour reconnection
High-precision
hadronization

Per-mille as via hadronic

Z,W,t decays, evt shapes...

QCD at FCC-ee

Eduardo Ploerer



UPC at heavy ion colliders
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Peter Steinberg 
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Dark Matter searches

Dark Sector searches at the 
intensity frontier

Marco Battaglieri
Dark matter production with light 
mediator exchange at future e+e- 
colliders

Aleksander Zarnecki

@nJLab BDX experiment

@ ILC  and CLIC 
Future e+e− colliders: complementary 
option for DM searches.

New framework for mono-photon analysis 
developed



