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Deep Inelastic Scattering (DIS) at HERA



Deep Inelastic Scattering (DIS)

o This process can be mediated by charged (W±) or neutral (γ∗, Z0) exchange.

o Deep inelastic scattering (DIS) is a powerful tool to study the parton densities in the nucleon.
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Probing the structure of the proton

o Electron-proton scattering provides a powerful tool for probing the structure of the proton. At low 
energies, the dominant process is elastic scattering where the proton remains intact. Elastic 
scattering is described by the interaction of a virtual photon with the proton as a whole, and thus 
provides a probe of the global properties of the proton, such as its charge radius. 

o At high energies, the dominant process is Deep Inelastic Scattering, where the proton breaks up. 
Here the underlying process is the elastic scattering of the electron from one of the quarks within 
the proton. Consequently, DIS provides a probe of the momentum distribution of the quarks.

The nature of e-p scattering depending on the wavelength of the virtual photon.



Inclusive DIS kinematics

o The Bjorken scaling variable which can be interpreted within parton model as the proton 
momentum fraction entering to the hard subprocess, x.

o The virtuality of the exchanging photon, Q2.



The Quark Parton Model

o The basic idea of the QPM is that in the DIS process, ep→eX, the virtual proton interacts with one 
of the quark constituents of the proton.

o As a result, the ep interaction may be written as a sum (of probabilities) of scattering from single 
free quarks.

fq(ξ) is the probability of finding the quark q in the proton 

carrying a fraction ξ of its momentum

electron-quark cross section



Inclusive DIS structure functions

o The structure functions Fa as a physical observables describe the DIS processes.

o For the structure functions Fa, describing the deep inelastic processes ℓ+p → ℓ′+X, the 
factorization formula has the following form:

Universal parton densities (of the proton). They cannot be 

calculated in perturbative QCD, but their Q2 dependence

is calculable using the DGLAP evolution equations

Coefficient functions. They are calculable from 

perturbative QCD as a power series in αs, but 

are unique to the particular observable, Fa.



Parton Distribution Functions (PDFs)

o A PDFs is defined as the probability density for finding a particle with a certain longitudinal 
momentum fraction x at momentum transfer Q2.

o Provide fundamental information regarding nucleon and nuclear structure.

o Knowledge of the interaction initial state, and hence the PDFs, is critical to precision 
measurements at hadron colliders (LHC).

o Measure total cross sections  need to know PDFs.

o Hadron-hadron collisions is complex because of two incoming partons.



DGLAP Evolution Equations

o These equations allow to calculate PDFs at arbitrary scale Q2 from knowledge of PDFs at the 
initial scale Q0

2

o In general, the splitting functions can be expressed as a power series in αs



PDFs → Input to the LHC

o Global fit of PDFs → evolution up to a typical LHC scale → input for the LHC phenomenology

The effect of the DGLAP evolution in the MSHT20NNLO PDFs, from low scale of Q2 = 10 GeV2 (left) with the 
same PDFs evolved up to a typical LHC scale of Q2 = 104 GeV2 (right plot).



Determination of PDFs



Global QCD Analysis

L. Harland-Lang @ DIS 2024



Available PDF Analyses

o Multiple PDF analyses, with different methodogies and datasets.

o HERA → TEVATRON → LHC → (HL)LHC → Future Colliders EIC/LHeC/FCC

The gluon PDF at Q = 100 GeV comparing 
the ABMP16, CT14, MMHT14, and 
NNPDF3.1 NNLO sets with 𝛼𝑆 = 0.118. 
The results are normalized to the central 
value of NNPDF3.1.



Electron-proton scattering at the HERA collider

o The studies of DIS at very high 𝑄2 and at very low x were amongst the main goals of the HERA 
electron-proton collider that operated from 1991 to 2007 at the DESY (Deutsches Elektronen-
Synchrotron) laboratory in Hamburg, Germany. It consisted of a 3 km circumference ring where 27.5 
GeV electrons (or positrons) were collided with 820 GeV or 920 GeV protons. 

o Two large experiments, H1 and ZEUS, were located at opposite sides of the ring.

A high-energy electron-proton collision in the H1 detector at HERA.
The proton PDFs.



H1 and ZEUS Collaborations: Inclusive DIS e± p scattering cross sections

o The two collaborations, H1 and ZEUS, have explored a large phase space in Bjorken x, and 
negative four-momentum-transfer squared, Q2. 

o Cross sections for neutral current (NC) interactions have been published for 0.045 ≤ Q2 ≤ 50000 
GeV2 and 6 × 10-7 ≤ x ≤ 0.65 at values of the inelasticity, y = Q2/(s x), between 0.005 and 0.95. 

o Cross sections for charged current (CC) interactions have been published for 200 ≤ Q2 ≤ 50000 
GeV2 and 1.3 × 10-2 ≤ x ≤ 0.40.

o Consistency with old fixed-target data & HERA covers five orders of magnitude in x and Q2

o H1 and ZEUS combined datasets are crucial input to the PDF fits.

Eur. Phys. J. C 75  (2015) 580



The QCD analysis by HERAPDF

o In the approach of HERAPDF, the PDFs of the proton, 𝑥𝑓(𝑥), are generically parameterised at the 
starting scale 𝑄0

2 as, 

o The central parameterization of HERAPDF is

Eur. Phys. J. C 75  (2015) 580



The HERAPDF2.0

The combined HERA inclusive NC e+ p reduced cross 
sections & predictions of HERAPDF2.0 NLO and NNLO. The HERAPDF2.0 at NLO accuracy.

Eur. Phys. J. C 75  (2015) 580



Eur. Phys. J. C 75  (2015) 580

The combined HERA NC and CC cross sections, 𝑑𝜎

𝑑𝑄2, 

together with predictions from HERAPDF2.0 NLO.
The combined HERA data predictions of HERAPDF2.0 
NNLO. 



The LHC precision era



The structure of the proton in the LHC precision era

o The determination of the quark and gluon structure of the proton is a central component of the 
precision phenomenology program at the LHC.

o The global QCD analysis program involves combining the most PDF-sensitive data (+ LHC data) and the 
highest precision QCD and electroweak calculations.

o One of the main motivations: PDFs and their associated uncertainties play a decisive role in several LHC 
applications [Phys. Rept. 742 (2018) 1-121].

o LHC is a Higgs factory: The dominant theoretical uncertainties for the determination of the Higgs 
boson couplings [1610.07922 [hep-ph]].

o LHC is a SM precision machine: The measurement of precision SM parameters at hadron colliders, 
such as the W mass [Phys. Rev. D 91 (11) (2015) 113005] or the strong coupling constant [Eur. Phys. J. C 75
(6) (2015) 288].



Why do we care about PDFs for the LHC phenomenology?

o The LHC is SM precision machine, top quark/Higgs boson factory, and a BSM search machine.



A precise measurement of the effective leptonic 
electroweak mixing angle [CMS-PAS-SMP-22-010]

Using the CT18Z set of parton densities, the result is:

The total uncertainty, dominated by the PDF term=0.00031
Measurement of the W boson mass [The 
LHCb collaboration, JHEP 01 (2022) 036]

High-precision measurement of the W 
boson mass with the CDF II detector 
[Science 376 (2022) 6589, 170-176].



Uncertainty due to the choice of 𝛼𝑆(𝑀𝑍)

Dependence of the total inclusive cross-sections for Higgs boson production 
at 13 TeV in different production channel on the value of the strong coupling.
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Transverse-momentum distribution of 𝑍 bosons at 
different values of 𝛼s(𝑚𝑍), using the MSHT20 PDF set. ATLAS Collaboration, arXiv:2309.12986



Impact of LHC data

o HERA data crucial to constrain quark 
valence (up and to less extent down 
valence) across intermediate to small x and 
gluon at small x.

o LHC high energy data crucial to provide 
additional constraints to PDFs, in particular 
in medium- to large-x gluon and quarks.

o Impressive range of precise cross section 
measurements & huge progress in 
theoretical calculations →  Precise 
determination of proton PDFs.

o NNPDF4.0: About 30% of input data are 
LHC data!

The kinematic coverage of the NNPDF4.0 
[Eur. Phys. J. C 82 (2022) 428] dataset in the 
(x, Q2) plan.

da
ta

se
ts

 p
re

 H
ER

A

H
ig

h 
en

er
gy

/p
re

ci
si

on
 L

H
C

 d
at

a



LHC experimental constraints on PDFs: flavour decomposition

Overview of the various hard-scattering processes which are used to constrain PDFs in a global analysis.
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Nuclear PDFs after the first decade of LHC Data



Nuclear DIS and nuclear PDFs

o Nuclear Deep-Inelastic Scattering (DIS) & Hadronic collisions

M. Klasen @ DIS 2024



Nuclear structure function(s) in nuclear DIS

o Nuclear structure function(s) in nuclear DIS:

o QCD factorization theorem, Wilson coefficients, … 

o Nuclear parton density functions (nPDFs): 

o DGLAP evolution equations:

Nuclear Modification Factor

Nuclear PDFs

Proton PDFs



Theoretical input and experimental data



Nuclear PDFs after the first decade of LHC Data

An illustration of the x and Q2 regions probed by the current lepton-A, pion-
A and proton-A data included in the global analyses of nuclear PDFs.

MK, H. Paukkunen, Nuclear PDFs after 10 years of LHC 
data, Ann. Rev. Nucl. Part. Sci. (2024) [2311.00450] 



LHeC: A post HERA collider !?



The Large Hadron-Electron Collider (LHeC)

o The LHeC is designed to move the field of DIS to the energy and intensity frontier of particle 
physics & LHeC  Luminosity ≈ 1000 × HERA

o It collides electron beam with a proton or ion beam from the High Luminosity–Large Hadron 
Collider (HL-LHC).

o It extends the accessible kinematic range in lepton-nucleon and lepton-nucleus scattering 
by several orders of magnitude.

o Due to enhanced luminosity, large energy and the clean hadronic final states, the LHeC has a 
strong Higgs physics program and its own discovery potential for New Physics & Very 
powerful lab for Electroweak Physics ⇉ LHeC is NOT just a DIS super-collider. 

The Large Hadron-Electron Collider at the HL-LHC, arXiv:2007.14491 [hep-ex], J. Phys. G 48 (2021) 110501.



Electron-Proton Collisions at the LHeC/EIC/FCC-eh

o Another DIS option is studied as part of 
the possible Future Circular Collider 
(FCC) at CERN, the FCC-eh [Eur. Phys. J. C 
79 (2019) 474], and will reach center-of-
mass energies still higher than at the 
LHeC. 

o At Brookhaven, the EIC is under 
development to perform DIS 
measurements at lower energies but with 
higher luminosities than were achieved at 
HERA [Nuclear Physics A 1026 (2022) 122447].

Summary of luminosity parameter values for the LHeC and FCC-eh.

arXiv:1206.2913, J. Phys. G 39 (2012) 075001.

arXiv:2007.14491 [hep-ex], J. Phys. G 48 (2021) 110501.



Electroweak Physics at the LHeC

o With LHeC inclusive NC and CC DIS data, unique measurements of electroweak parameters 
can be performed with highest precision.

Simultaneous determination of the top-quark mass and W-boson mass from LHeC60 or LHeC-50 data (right). 
Simultaneous determination of the W-boson and Z-boson masses from LHeC60 or LHeC-50 data (left). 

Eur Phys J C 80 (2020) 831



Direct W and Z Production at the LHeC

o The direct W or Z production in electron-proton collisions can be classified into five 
processes

o Study of Tripe Gauge Couplings (TGCs), e.g. 𝑊𝑊𝛾 and 𝑊𝑊𝑍 couplings.



Top Quark Physics at the LHeC

o SM top quark production at a future LHeC collider is 
dominated by single top quark production, mainly via CC 
DIS production. 

o The total cross section for single top quark production is 
1.89 pb at the LHeC and a center-of-mass energy of 1.3 
TeV, i.e. with an electron beam energy of 60 GeV and an 
LHC proton beam of 7 TeV.

o The second important production mode for top quarks 
at the LHeC is photoproduction of top-antitop quark 
pairs (𝑡 ҧ𝑡), where a total cross section of 0.05 pb is 
expected at the LHeC.

top quark production in CC DIS

𝑡 ҧ𝑡 photoproduction



Top Quark FCNC at the LHeC

o The top quark Flavour Changing Neutral Currents (FCNCs) interactions are also extremely 
suppressed in the SM, which renders them a good test of New Physics.

𝑡𝑞𝛾

𝑡𝑞𝑍

𝑡𝑞𝐻

Summary of 95% C.L. limits on top FCNC 
𝑡𝑞𝐻, 𝑡𝑞𝑍 and 𝑡𝑞𝛾 at the LHeC.



Higgs Physics at the LHeC

o In deep inelastic electron-proton scattering, the Higgs boson is predominantly produced 
through WW fusion in charged current DIS (CC) scattering. 

o The next large Higgs production mode in ep is  fusion in neutral current DIS (NC) scattering, 
which has a smaller but still sizable cross section.

Higgs boson production in charged (left) and neutral (right) current DIS

The cross sections for Higgs production in CC and NC 
DIS electron-proton scattering of a 60 GeV electron 
beam with protons at three different energies, for LHeC, 
HE-LHeC and FCC-eh.



High energy 𝛾𝛾 interactions at the LHeC

o Very high ep luminosity & Clean experimental environment.

o Comprehensive survey of studies of high energy photon-photon interactions at the LHeC, for 
the 𝛾𝛾 center-of-mass energy of up to 1 TeV.

o Wide spectrum of 𝛾𝛾 processes will be studied at the LHeC, including in particular the 
exclusive production of lepton pairs, W and Z bosons as well as pairs of charged 
supersymmetric particles.

o Very high statistics of these processes are expected to achieved at the LHeC.

The exclusive W- and Z-boson pair production via photon-photon fusion 
at the LHC (left) and future LHeC (right).

K. Piotrzkowski, and Y. Yamazaki, PoS (EPS-HEP2021) 486



Extensive DIS and QCD program at the LHeC

o DIS stands to enter a golden age with the prospect of precision programs at the EIC and 
LHeC.

o Clarification of the parton interaction dynamics at very small and large Bjorken x.

o Precision DIS for HEP at the LHeC

o LHeC → Highly constraining datasets for PDFs fits
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arXiv:2202.08286, J. Phys. G: Nucl. Part. Phys. 48 (2021) 110501



Simulated LHeC data & PDFs

Illustration of the x and Q2 values of simulated cross 
section and heavy quark density data used in LHeC 
studies.

Valence quark distributions at Q2= 1.9 GeV2 as a function of x, 
presented as the ratio to the CT18 central values.



Diffractive DIS at the LHeC

o Seminal potential for diffractive DIS at LHeC. 

Diffractive DIS (left) and dijet (right) production at LHeC.

2206.13788 [hep-ph]; 2301.10284 [hep-ph].

Kinematic phase space for inclusive diffraction 
in (x, Q2 ) for the EIC, the LHeC, and the FCC-eh 
as compared with the HERA data.



What will we learn from EIC?



Future High-Luminosity Electron-Ion Collider (EIC)

o A unique high-energy and high-luminosity polarized collider that will be one of the most 
challenging and exciting accelerator complexes ever built! Brookhaven National Laboratory 
(BNL)! 

EIC Yellow Report, Nuclear Physics A 1026 (2022) 122447.



Key science questions that the EIC will address

o How do the nucleonic properties such as mass and spin emerge from partons and their 
underlying interactions? 

o How are partons inside the nucleon distributed in both momentum and position space? 

o Precision QCD? 

o Multi-dimensional nucleon tomography and the 3D parton structure (GPDs)?

o Challenges and opportunities via exclusive production of lepton pairs (𝜇± & 𝜏±) at EIC.

o Specific machine parameters and detector requirements needed to address them!

EIC Yellow Report, Nuclear Physics A 1026 (2022) 122447.



Why EIC is unique among other DIS Facilities ?

o Four different categories of processes at EIC

o Inclusive DIS: high-precison measurement of scattered 
electron.

o Diffraction in the ep or e+A collisions. 

o Exclusive processes (diffraction) - all particles are 
identified.

o The best place to study diffraction in 21th century.

o Polarized lepton & hadron beams & (polarized) nuclear 
beams.

o Polarized beams will allow to study spin-dependent SF.

o e+A DIS will allow to directly measure modifications to 
the nucleon SF.



Energy settings and total integrated luminosity

o Two energy settings of the EIC: 

✓ EIC 1 (electron beam energy Ee = 10 GeV and proton 
beam energy Ep = 100 GeV)

✓ EIC 2 (Ee = 18 GeV and Ep = 275 GeV)

o Total integrated luminosity of the order of 1000 𝑓𝑏−1 
is expected at the EIC.

o To ensure a wide kinematic reach and a large coverage 
of phase space, the EIC requires a variable center-of-
mass energy in the range of ∼ 20 − 100 GeV, 
upgradable to 140 GeV. 

o An energy of 140 GeV is needed to provide sufficient 
kinematic reach into the gluon dominated regime. 

o The lower center-of-mass energy limit is driven by the 
ability to measure transverse quantities well, which are 
of the order of 10-100 MeV.

o One of the key detector requirements at low x refers to 
the precision measurement of the scattered electron’s 
energy (E) demanding good electromagnetic 
calorimetry.

More on the EIC detector concepts: Mariusz Przybycień, Zderzacz Elektronowo-
Jonowy Nowe narzędzie dla fizyki wysokich energii, Seminarium WFiIS, 27.11.2020.



Detector Requirements

Correlation between polar angle (θ) and pseudorapidity  (η = - ln tan(θ/2)) and the x − Q2 phase space for the EIC physics program.

The beams’ directions follow the convention 
used at the HERA collider at DESY: the 
hadron beam travels in the positive z-
direction/pseudorapidity and is said to be 
going ”forward.” The electron beam travels 
in the negative z-direction/pseudorapidity 
and is said to be going ”backward”.

All physics processes to be measured at an 
EIC require having the event and particle 
kinematics (x, Q2, y, W, pT, z, φ, θ) 
reconstructed with high precision. Kinematic
variables such as x, Q2 , y, and W can be 
determined from the scattered electron or 
the hadronic final state.

EIC Yellow Report, Nuclear Physics A 1026 (2022) 122447.

Mariusz Przybycień, Zderzacz Elektronowo-Jonowy Nowe narzędzie dla fizyki wysokich energii, Seminarium WFiIS, 27.11.2020



EIC accessible kinematics (x, y, and Q2 )

o The quantities x, y, and Q2 are obtained from measurements of energies and angles of final state 
objects, i.e. the scattered electron, the hadronic final-state or a combination of both. 

o The EIC will allow in both collider modes an important overlap with present and past experiments. In 
addition, the EIC will provide access to entirely new regions in both x and Q2 in a polarized e+p collider 
and e+A collider mode, such as the low-x region, providing critical information about the gluon-
dominated regime.

o High energy electron-nucleus collisions at the EIC will enable measurements of nuclear PDFs over a 
broad and continuous range in Q2 , all the way from photo-production (Q2 ∼ 0) to high Q2 in the 
perturbative Regime.

o Ion beams of heavy nuclei (Gold, Lead, or Uranium) combined with the highest center-of-mass energy, 
will provide access to the highest gluon densities. Nuclear PDFs are determined through global fits to 
existing inclusive DIS data off nuclei.



Multi-Dimensional Imaging of the Nucleon (GPDs)

o The key challenge of nuclear physics is the tomographic imaging of the nucleon,
encoded in the Generalized Parton Distributions (GPDs).

o They provide a connection between ordinary PDFs and form factors and hence can
describe the correlations between the longitudinal momentum of quarks and gluons
and their position in the transverse spatial plane in a nucleon.

Illustrations of three main processes which are sensitive to GPDs: (a) exclusive
electroproduction of a real photon (DVCS), (b) Timelike Compton Scattering (TCS) and 
(c) exclusive electroproduction of a meson (DVMP).



3D structure of nucleon

o  Three-dimensional (3D) structure of the nucleon has been investigated by generalized 
parton distributions (GPDs).

✓  Framework for the extraction of 3D parton distributions.

✓  QCD Phenomenology of 3D parton distribution and factorization theorem.

✓  MC generators for global analysis of GPDs.



3D structure of hadron I



3D structure of hadron II

Elastic Scattering (ES) Deep Inelastic Scattering (DIS) Deeply virtual Compton Scattering (DVCS)



Exclusive production of lepton pairs (𝜇± & 𝜏±)

o The two-photon exclusive production of lepton pairs at the EIC will open interesting research 
directions thanks to a very high luminosity and clean experimental conditions.

o Two-photon exclusive (Bethe-Heitler) production of lepton pairs in ep collisions is usually studied 
as the main source of background in TCS [CLAS Collaboration; Phys. Rev. Lett. 127 (2021) 262501].

o Thanks to huge ep luminosity at the EIC a very large exclusive lepton pair event statistics can be 
acquired.

o This will allow to carry out original and very interesting research in which profit from high 
polarizations of both electron and proton beams as well.



Dilepton production at EIC

o First Measurement of Timelike Compton Scattering, CLAS12 detector at Jefferson Lab
[Phys. Rev. Lett. 127, 262501].

o Far forward and far backward detectors at EIC will measure hadrons and electrons, respectively, 
scattered at very small angles - and will allow for selection of pure samples of fully exclusive 
events.

(Left) Real photon-proton scattering into a lepton pair and a proton, (Middle) handbag diagram of the TCS 
process, and (Right) diagram of the BH process.



Precision QCD phenomenology at the EIC

o Precise determination of proton (nuclear) PDFs?

o Precise determination of Strong Coupling Constant?

The locations in the (x, Q2) plane of the HERA and EIC neutral 
current inclusive DIS data points included in the analysis

Eur. Phys. J. C 83  (2023) 1011

Impact of inclusive EIC data on proton PDFs

Phys. Rev. D 109 (2024) 5, 054019



Impact of inclusive EIC data on nuclear PDFs

The locations in the (x; Q2) plane of the eAu 
EIC neutral current inclusive DIS data points.

Phys. Rev. D 109 (2024) 5, 054019
Impact of EIC data on the of the EPPS21 
nuclear PDFs.

Impact of EIC data on the of the nCTEQ 
nuclear PDFs.



Strong Coupling Constant at EIC?

o The strong coupling extracted from 
the simultaneous fit for the PDFs and 
𝛼𝑆(𝑀𝑍

2) , using the full set of EIC 
pseudodata together with the HERA 
inclusive data, is

o Stunning improvement!

Projected total uncertainties on the strong coupling 
constant estimated using HERA and simulated EIC data

Eur. Phys. J. C 83 (2023) 1011

K. Wichmann @ DIS 2024



Summary and Closing Words

Modern Particle Physics, Prof. Mark 

Thomson, Cambridge University 
Press, September 2013, Page 510.




	Slide 1: Hamzeh Khanpour
	Slide 2: Outline
	Slide 3: Deep Inelastic Scattering (DIS) at HERA
	Slide 4: Deep Inelastic Scattering (DIS)
	Slide 5: Probing the structure of the proton
	Slide 6: Inclusive DIS kinematics
	Slide 7: The Quark Parton Model
	Slide 8: Inclusive DIS structure functions
	Slide 9: Parton Distribution Functions (PDFs)
	Slide 10: DGLAP Evolution Equations
	Slide 11: PDFs goes to Input to the LHC
	Slide 12: Determination of PDFs
	Slide 13: Global QCD Analysis
	Slide 14: Available PDF Analyses
	Slide 15: Electron-proton scattering at the HERA collider
	Slide 16: H1 and ZEUS Collaborations: Inclusive DIS e± p scattering cross sections
	Slide 17: The QCD analysis by HERAPDF
	Slide 18: The HERAPDF2.0
	Slide 19
	Slide 20: The LHC precision era
	Slide 21: The structure of the proton in the LHC precision era
	Slide 22: Why do we care about PDFs for the LHC phenomenology?
	Slide 23
	Slide 24: Uncertainty due to the choice of alpha sub cap S , open paren cap M sub cap Z close paren 
	Slide 25
	Slide 26: Impact of LHC data
	Slide 27: LHC experimental constraints on PDFs: flavour decomposition
	Slide 28: Nuclear PDFs after the first decade of LHC Data
	Slide 29: Nuclear DIS and nuclear PDFs
	Slide 30: Nuclear structure function(s) in nuclear DIS
	Slide 31: Theoretical input and experimental data
	Slide 32: Nuclear PDFs after the first decade of LHC Data
	Slide 33: LHeC: A post HERA collider !?
	Slide 34: The Large Hadron-Electron Collider (LHeC)
	Slide 35: Electron-Proton Collisions at the LHeC/EIC/FCC-eh
	Slide 36: Electroweak Physics at the LHeC
	Slide 37: Direct W and Z Production at the LHeC
	Slide 38: Top Quark Physics at the LHeC
	Slide 39: Top Quark FCNC at the LHeC
	Slide 40: Higgs Physics at the LHeC
	Slide 41: High energy gamma gamma  interactions at the LHeC
	Slide 42: Extensive DIS and QCD program at the LHeC
	Slide 43: Simulated LHeC data & PDFs
	Slide 44: Diffractive DIS at the LHeC
	Slide 45: What will we learn from EIC?
	Slide 46: Future High-Luminosity Electron-Ion Collider (EIC)
	Slide 47: Key science questions that the EIC will address
	Slide 48: Why EIC is unique among other DIS Facilities ?
	Slide 49: Energy settings and total integrated luminosity
	Slide 50: Detector Requirements
	Slide 51: EIC accessible kinematics (x, y, and Q2 )
	Slide 52: Multi-Dimensional Imaging of the Nucleon (GPDs)
	Slide 53: 3D structure of nucleon
	Slide 54: 3D structure of hadron I
	Slide 55: 3D structure of hadron II
	Slide 56: Exclusive production of lepton pairs (mu to the plus or minus  & tau to the plus or minus )
	Slide 57: Dilepton production at EIC
	Slide 58: Precision QCD phenomenology at the EIC
	Slide 59: Impact of inclusive EIC data on nuclear PDFs
	Slide 60: Strong Coupling Constant at EIC?
	Slide 61: Summary and Closing Words
	Slide 62

