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The future Electron Ion Collider
Unravelling the mysteries of the role of gluons in QCD
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About 100 years after the discovery of the 
atom and the proton

2

We know atomic structure so well, that we 
define “time” using electronic transitions: 

Current accuracy
~1 sec in 220 Million years

However, the internal structure of the 
proton is 

known to only about 20-30% 
~20 minutes in an hour…!
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WHY?



We will try to understand why, and what needs to be done 
to understand the proton (& neutron…& nuclei) better

The answer lies in the difference in the forces that are at play 
inside the atom vs. that inside the proton…
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Standard Model (SM) of physics  
Fundamental building blocks and the forces of nature
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What constitutes visible matter?
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Proton
Femto-Scale

~10-15 m

Increasing 
resolution

nano Scale
~0.1 x 10-9 m
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Study of the constituents of matter: inside the atom
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A Nucleus is made of nucleons: 
protons and neutronsNUCLEUS

All elementary building blocks
can be characterized by their

mass, spin and charge

Nucleons are complex objects made of 
quarks bound together by self interacting

gluons, carrier of Strong Force:
Theory of Strong Interactions: 

Quantum Chromodynamics
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What distinguishes Quantum Chromo-Dynamics 
from Quantum Electro Dynamics?

QED is mediated by photons (g) which are charge-less

QCD is mediated by gluons (g), also charge-less  but are colored! 

Quantum Chromodynamics

(photons) g
in QED
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Color Charge of gluons
Enables self-interactions 
g à g + g
Or 
g + g à g + g

(gluons) g 
in QCD

Neutral (photons) g
NO SELF 

INTERACTIONS

g à q + anti-quark

gà q + anti-quark
electron + positron

Quantum Electrodynamics



Proton mass puzzle
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It is like saying:

1 + 1 + 1 = 300

Nobel 2013
“Higgs Boson” that gives mass 
to quarks, electrons,….
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Emergent Dynamics in QCD
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Deep Inelastic Scattering (DIS)
The best technique to understand the internal structure of protons, neutrons 
and the nuclei.
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Study of internal 
structure of a 
watermelon:

A-A (RHIC/LHC)
1) Violent 
collision of 
melons

Violent DIS e-A (EIC)
2) Cutting the watermelon with a knife
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Nucleon Spin: Crisis to Puzzle @ IITB

Deep Inelastic Scattering

l = (h/2p)(1/Q2)

h = constant
λ = wavelength 
Q2 = momentum

transferred

Deep Inelastic:   (λ << Proton Size) 

September 15, 2017 12
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The Electron Ion Collider 
World’s first Polarized electron-proton/light ion and electron-Nucleus collider

For e-A collisions at the EIC:
ü Wide range in nuclei
ü Luminosity per nucleon same 

e-p 
ü Variable center of mass 

energy 

For e-N collisions at the EIC:
ü Polarized beams: e, p, d/3He
ü e beam 5-10(20) GeV
ü Luminosity Lep ~ 1033-34 cm-2sec-1

ü 20-100 (140) GeV Variable CoM

1212.1701.v3
A. Accardi et al 
Eur. Phy. J.  A, 52 9(2016)
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Three important quantities…. 

• Resolution of the probe (electron/virtual photon): è Higher the Q2, smaller the distance scales we 

can study (smaller the l) è higher the Q2, smaller thelè higher the resolution

• Momentum fraction of the quark/gluon inside the proton:    

• S = square of the Center-of-Mass Energy 
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x =
pquark
Pproton

<latexit sha1_base64="TiWvSD1zpRzt2L9kIoSeTaA8nxE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWaqoBuh6MZlBfuAtgyZNNOGZpKYZMQyzNaNv+LGhSJu/QN3/o1pOwttPXDhcM693HtPKBnVxvO+ncLS8srqWnG9tLG5tb3j7u41tUgUJg0smFDtEGnCKCcNQw0jbakIikNGWuHoauK37onSVPBbM5akF6MBpxHFyFgpcOEDvIDdSCGcyiC9S5AaZVlaD1KphBE8ywK37FW8KeAi8XNSBjnqgfvV7QucxIQbzJDWHd+TppciZShmJCt1E00kwiM0IB1LOYqJ7qXTTzJ4ZJU+jISyxQ2cqr8nUhRrPY5D2xkjM9Tz3kT8z+skJjrvpZTLxBCOZ4uihEEj4CQW2KeKYMPGliCsqL0V4iGysRgbXsmG4M+/vEia1Yp/UqnenJZrl3kcRXAADsEx8MEZqIFrUAcNgMEjeAav4M15cl6cd+dj1lpw8pl98AfO5w+yjJsA</latexit>

<latexit sha1_base64="BzZJYBcaxpSHidtdeoAWeErm3W8=">AAACFnicbVDLSgMxFM34rPU16tJNsAhuLDNF0Y1QdOOyBfuAzlgymUwbmkmGJCOUYb7Cjb/ixoUibsWdf2PazkJbDwQO55zLzT1BwqjSjvNtLS2vrK6tlzbKm1vbO7v23n5biVRi0sKCCdkNkCKMctLSVDPSTSRBccBIJxjdTPzOA5GKCn6nxwnxYzTgNKIYaSP17VOPmXCI4BX0IolwNsyzmpfQ3MOh0IXm5lnzPqvled+uOFVnCrhI3IJUQIFG3/7yQoHTmHCNGVKq5zqJ9jMkNcWM5GUvVSRBeIQGpGcoRzFRfjY9K4fHRglhJKR5XMOp+nsiQ7FS4zgwyRjpoZr3JuJ/Xi/V0aWfUZ6kmnA8WxSlDGoBJx3BkEqCNRsbgrCk5q8QD5FpQpsmy6YEd/7kRdKuVd3zqtM8q9SvizpK4BAcgRPgggtQB7egAVoAg0fwDF7Bm/VkvVjv1scsumQVMwfgD6zPH00Ln3o=</latexit>

� =
h

2⇡
· 1

Q2

<latexit sha1_base64="AxVHk/iqL7ODr0JVfZ59VleznKM="></latexit>

S = (Center of Mass Energy)2 = 4 · Ep · Ee



The x-Q2 

plane…

The x-Q2 Plane

• Low-x reach requires large √s 
• Large-Q2 reach requires large √s 
• y at colliders typically limited to 0.95 < y < 0.01
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EIC: NEW Kinematic reach & properties

For e-N collisions at the EIC:
ü Polarized beams: e, p, d/3He
ü Variable center of mass energy
ü Wide Q2 range à evolution
ü Wide x range à spanning valence to low-x physics

For e-A collisions at the EIC:
ü Wide range in nuclei

ü Luminosity per nucleon same as e-p
ü Variable center of mass energy 

ü Wide x range (evolution)
ü Wide x region (reach high gluon densities)
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Deep Inelastic Scattering: Precision and control
Measure of 
resolution 
power

Measure of 
inelasticity

Measure of 
momentum 
fraction of 
struck quark

Kinematics:

Exclusive DIS
detect & identify everything e+p/A à e’+h(p,K,p,jet)+…

Semi-inclusive events:
e+p/A à e’+h(p,K,p,jet)+X

detect the scattered lepton in coincidence with identified hadrons/jets

Inclusive events:
e+p/A à e’+X

detect only the scattered lepton in the detector

with respect to g

  

Q2 = −q2 = −(k
µ
− "k

µ
)2
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s = 4 Et Ee

High lumi & acceptance

Low lumi & acceptance
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Need Precision and Control 



EIC Physics at-a-glance
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Infinite Momentum Frame:
• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed

BFKL: BK adds:

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)

QS: Matter of Definition and Frame (II)
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Proton Spin Crisis/puzzle
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0.17 +/- 0.03  0.03 +/- 0.5
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1D         

7

3D         

Courtesy: Alssandro Bacchetta
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2+1-Dimensional Imaging Quarks and Gluons

W(x,bT,kT)
∫	d2kT

f(x,bT)f(x,kT)

∫d2bT

bT

kT
xp

Spin-dependent 3D momentum space 
images from semi-inclusive scattering
à Transverse Momentum Distribution

Spin-dependent 2D coordinate space (transverse) 
+ 1D (longitudinal momentum) 
images from exclusive scattering (Deeply virtual 
Compton scattering and meson production)
à Generalized Parton Distributions

Momentum
space

Coordinate
space

momentum  and position distributions à Orbital motion of quarks and gluons

Wigner functions W(x,bT,kT)
offer unprecedented insight into confinement and chiral symmetry breaking.

Possible direct access to gluon Wigner function through diffractive di-jet 
measurements at an EIC: Y. Hatta et al. PRL 16, 022301 (2016
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2+1 D partonic image of the proton with the EIC
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Spin-dependent 2D coordinate space (transverse) + 1D 
(longitudinal momentum) images from exclusive scattering

Transverse Position Distributions

Sea quark’s 2D position distribution
unpolarized                polarized
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Deeply Virtual Compton Scattering
Measure all three final states
e + pà e’+ p’+ g 

Fourier transform of momentum 
transferred=(p-p’) à Spatial distribution

Exclusive Processes and Generalized Parton Distributions

Generalized parton distributions (GPDs) can be extracted from suitable exclusive scat-
tering processes in e+p collisions. Examples are deeply virtual Compton scattering (DVCS:
�
⇤+p ! �+p) and the production of a vector meson (�⇤+p ! V +p). The virtual photon

is provided by the electron beam, as usual in deep inelastic scattering processes (see the
Sidebar on page 18). GDPs depend on three kinematical variables and a resolution scale:

• x + ⇠ and x � ⇠ are longitudinal par-
ton momentum fractions with respect
to the average proton momentum (p+
p
0)/2 before and after the scattering, as

shown in Figure 2.18.

Whereas x is integrated over in the
scattering amplitude, ⇠ is fixed by the
process kinematics. For DVCS one has
⇠ = xB/(2� xB) in terms of the usual
Bjorken variable xB = Q

2
/(2p · q). For

the production of a meson with mass
MV one finds instead ⇠ = xV /(2� xV )
with xV = (Q2 +M

2
V )/(2p · q).

• The crucial kinematic variable for par-
ton imaging is the transverse momen-
tum transfer �T = p0

T � pT to the
proton. It is related to the invariant
square t = (p0 � p)2 of the momentum
transfer by t = �(�2

T + 4⇠2M2)/(1 �

⇠
2), where M is the proton mass.

• The resolution scale is given by Q
2

in DVCS and light meson production,
whereas for the production of a heavy
meson such as the J/ it is M2

J/ +Q
2.

Even for unpolarized partons, one has a nontrivial spin structure, parameterized by two
functions for each parton type. H(x, ⇠, t) is relevant for the case where the helicity of the
proton is the same before and after the scattering, whereas E(x, ⇠, t) describes a proton
helicity flip. For equal proton four-momenta, p = p

0, the distributions H(x, 0, 0) reduce to
the familiar quark, anti-quark and gluon densities measured in inclusive processes, whereas
the forward limit E(x, 0, 0) is unknown.

Weighting with the fractional quark charges eq and integrating over x, one obtains a
relation with the electromagnetic Dirac and Pauli form factors of the proton:

X

q

eq

Z
dxH

q(x, ⇠, t) = F
p
1 (t) ,

X

q

eq

Z
dxE

q(x, ⇠, t) = F
p
2 (t) (2.14)

and an analogous relation to the neutron form factors. At small t the Pauli form factors
of the proton and the neutron are both large, so that the distributions E for up and down
quarks cannot be small everywhere.

x + ⇠ x� ⇠

p p0

x + ⇠ x� ⇠

p p0

�⇤ �⇤� V

Figure 2.18: Graphs for deeply virtual Compton scattering (left) and for exclusive vector
meson production (right) in terms of generalized parton distributions, which are represented by
the lower blobs. The upper filled oval in the right figure represents the meson wave function.
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Study of internal 
structure of a 
watermelon:

A-A (RHIC)
1) Violent 
collision of 
melons

Violent DIS e-A (EIC)
2) Cutting the watermelon with a knife

Non-Violent e-A (EIC)
3) MRI of a watermelon
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Gluon and the consequences of its interesting properties:

Gluons carry color charge è Can interact with other gluons! 

“…The result is a self catalyzing enhancement that leads to a runaway growth.
A small color charge in isolation builds up a big color thundercloud….”

F. Wilczek, in “Origin of Mass”
Nobel Prize, 2004

July 19, 2021 Karyashala for High Energy Physics science, techniques 
and tools @ MNIT, Jaipur 26
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In search of a new state of matter!
What could tame the low-x rise?
Can EIC access this region?
QCD inherently has  the needed mechanism for this 
taming but we don’t know when it gets triggered. 

Observation of gluon recombination effects
èIs there such new state of matter?

à “Color Glass Condensate”
à50-100 times higher energy density than the core 

of the neutron star
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Experimental evidence needed



Low x physics with nuclei
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Figure 6: Accessible values of the saturation scale Q2
s at an EIC in e+A collisions assuming two di↵erent maximal

center-of-mass energies. The reach in Q2
s for e+p collisions at HERA is shown for comparison.

pared to
p
smax = 40GeV. The di↵erence in Q2

s

may appear relatively mild but we will demon-
strate in the following that this di↵erence is su�-
cient to generate a dramatic change in DIS observ-
ables with increased center-of-mass energy. This
is analogous to the message from Fig. 5 where we
clearly observe the dramatic e↵ect of jet quench-
ing once

p
sNN is increased from 39 GeV to 62.4

GeV and beyond.

To compute observables in DIS events at high
energy, it is advantageous to study the scattering
process in the rest frame of the target proton or
nucleus. In this frame, the scattering process has
two stages. The virtual photon first splits into
a quark-antiquark pair (the color dipole), which
subsequently interacts with the target. This is il-
lustrated in Fig. 7. Another simplification in the
high energy limit is that the dipole does not change
its size r? (transverse distance between the quark
and antiquark) over the course of the interaction
with the target.

Multiple interactions of the dipole with the tar-
get become important when the dipole size is of the
order |~r?| ⇠ 1/Qs. In this regime, the imaginary
part of the dipole forward scattering amplitude
N(~r?,~b?, x), where ~b? is the impact parameter,
takes on a characteristic exponentiated form [16]:

N = 1� exp

 
�
r2?Q

2
s(x,~b?)

4
ln

1

r?⇤

!
, (1)

where ⇤ is a soft QCD scale.

At high energies, this dipole scattering ampli-
tude enters all relevant observables such as the to-
tal and di↵ractive cross-sections. It is thus highly
relevant how much it can vary given a certain col-
lision energy. If a higher collision energy can pro-
vide access to a significantly wider range of values
for the dipole amplitude, in particular at small x,
it would allow for a more robust test of the satu-
ration picture.

Figure 7: The forward scattering amplitude for DIS
on a nuclear target. The virtual photon splits into a
qq̄ pair of fixed size r?, which then interacts with the
target at impact parameter b?.

To study the e↵ect of a varying reach in
Q2, one may, to good approximation, replace r?
in (1) by the typical transverse resolution scale
2/Q to obtain the simpler expression N ⇠ 1 �
exp

�
�Q2

s/Q
2
 
. The appearance of both Q2

s and
Q2 in the exponential is crucial. Its e↵ect is
demonstrated in Fig. 8, where the dipole ampli-

11

Key Topic in eA: Gluon Saturation (I)

6

In QCD, the proton is made up 
of quanta that fluctuate in and 
out of existence 
• Boosted proton: 
‣ Fluctuations time dilated on 

strong interaction time 
scales  

‣ Long lived gluons can 
radiate further small x 
gluons! 

‣ Explosion of gluon density 
! violates unitarity
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pQCD  
evolution  
equation

New Approach: Non-Linear Evolution 
• New evolution equations at  low-x & low to moderate Q2 

• Saturation of gluon densities characterized by scale Qs(x) 
• Wave function is Color Glass Condensate

Accessible range of saturation scale Qs 2 at the EIC with e+A

collisions.

arXiv:1708.01527

Reaching the Saturation Region

8

HERA (ep):
Despite high energy range:
• F2, Gp(x, Q2) outside the 

saturation regime 
• Need also Q2 lever arm! 
• Only way in ep is to 

increase &s
• Would require an ep 

collider at &s ~ 1-2 TeV 

Different approach (eA):
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Nuclear PDFs: Different than protons & neutrons

July 19, 2021 Karyashala for High Energy Physics science, techniques 
and tools @ MNIT, Jaipur 30

L"+/-$-3$M< N+)'6+')&$

3'#6+/-#*$-3$,&".4$.*O$

1/5,+$#'61&/

CHAPTER 6. THE EIC PHYSICS CASE 47

Figure 6.5: Typical nuclear effects seen in the DIS measurements. The figure is from [48].

mental measurements initiated by early-state hard scatterings. Proper characteri-
zation of the QGP dynamics also relies on adequate separation of initial and final
state effects, the former encoded in the corresponding nPDFs. Deep-inelastic neu-
trino scattering experiments with nuclear targets are also in critical need of precise
nPDFs, which in turn impact the global analysis of proton PDFs.

Experimentally, differences between PDF and nPDF have been firmly established
by the deep-inelastic lepton-nucleus scattering data. The observed significant nu-
clear effects have ruled out a naive model of a nucleus as a superposition of quasi-
free nucleons, and forced us to factor in modifications due to the nuclear environ-
ment. These nuclear modifications are commonly described as shadowing, anti-
shadowing, and the EMC effect [44–47]. They are usually quantified in terms of
the ratio to the free-nucleon PDFs, with R < 1 indicating a suppression of the prob-
ability distribution compared to the free proton reference, and R > 1 an enhance-
ment. The approximate domains for these experimentally observed modifications,
illustrated in Fig. 6.5, are as follows: the shadowing regime (R < 1) is promi-
nent in the x < 0.1 region; the anti-shadowing (R > 1) effect is present between
0.1 < x < 0.3, and the EMC effect refers to the slope of R in the valence-quark
dominated regime 0.3 < x < 0.7. At higher x there are effects due to Fermi motion
in a nucleus.

Understanding how parton dynamics is modified in the nuclear medium, and the
exact nature of the mechanisms that generate shadowing, anti-shadowing, and
the EMC effects is a field actively pursued in both theory and experiment. It is
commonly accepted that different physics processes contribute to different regions
in x; however, there is no consensus on the exact nature of these contributions. The
dependencies on nuclear size, impact parameter, and x for these nuclear effects
have not been derived from first-principles calculations but are instead inferred
from fits to the existing experimental data. However, in contrast to the free-proton
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⌫ =
Q2

2mx

Need the collider energy of EIC and its control on parton kinematics

Control of ν by selecting kinematics;
Also under control the nuclear size.

(colored) Quark passing through cold QCD matter emerges
as color-neutral hadron è
Clues to color-confinement?

Unprecedented ν, the virtual photon energy range 
@ EIC : precision &  control

Emergence of Hadrons from Partons
Nucleus as a Femtometer sized filter  

Identify p vs. D0 (charm) mesons in e-A collisions: 

Understand energy loss of light vs. heavy quarks 
traversing the cold nuclear matter: 
Connect to energy loss in Hot QCD

Energy loss by light vs. heavy quarks:

Pions (model-I)
Pions (model-II)
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carried by hadron, z
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Study in light quarks 
vs. 

heavy quarks



EIC Physics and the machine parameters 
32

CM vs. Luminosity vs. Integrated luminosity
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EIC

ep Facilities & Experiments:

Past Colliders

Collider Concepts

Past Fixed Target

Ongoing Fixed Target

EIC Project

EIC

The US EIC with a wide range in √", polarized electron, proton and  light 
nuclear beams and luminosity makes it a unique machine in the world.



Physics @ the US EIC beyond the EIC’s core science
Of HEP/LHC-HI interest to Snowmass 2021 (EF 05, 06, and 07 and possibly also EF 04) è Interesting to High Energy 
Physicists at LHC
New Studies with proton or neutron target:
• Impact of precision measurements of unpolarized PDFs at high x/Q2, on LHC-Upgrade results(?)
• What role would TMDs in e-p play in W-Production at LHC? Gluon TMDs at low-x! 
• Heavy quark and quarkonia (c, b quarks) studies with 100-1000 times lumi of HERA
• Does polarization of play a role (in all or many of these?)

Physics with nucleons and nuclear targets:
• Quark Exotica: 4,5,6 quark systems…? Much interest after recent LHCb led results.
• Physic of and with jets with EIC as a precision QCD machine:

• Internal structure of jets : novel new observables, energy variability, polarization, beam species
• Entanglement, entropy, connections to fragmentation, hadronization and confinement
• Studies with jets: Jet propagation in nuclei… energy loss in cold QCD medium

• Connection to p-A, d-A, A-A at RHIC and LHC 
• Polarized light nuclei in the EIC

Precision electroweak and BSM physics:
• Electroweak physics & searches beyond the SM: Parity, charge symmetry, lepton flavor violation6/11/21 EIC at FNAL Tea 33



Consensus Study Report on  the US based 
Electron Ion Collider
July 2018

Summary:

The science questions that an EIC will answer are
central to completing an understanding of atoms as
well as being integral to the agenda of nuclear
physics today. In addition, the development of an EIC
would advance accelerator science and technology in
nuclear science; it would as well benefit other fields
of accelerator based science and society, from
medicine through materials science to elementary
particle physics

July 19, 2021 Karyashala for High Energy Physics science, techniques and 
tools @ MNIT, Jaipur 34
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https://www.bnl.gov/newsroom/news.php?a=117399



New tools of the physics of the future…. State-of-the-art Detectors

Ion beamline

Electron beamline

Possible to get ~100% 
acceptance for the 
whole event

Total acceptance detector (and IR)

Crossing angles:  
eRHIC: 10-22 mrad
JLEIC :  40-50 mradFigure Courtesey: Rik YoshidaJuly 19, 2021 Karyashala for High Energy Physics science, techniques 

and tools @ MNIT, Jaipur 36
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EIC 
detector

Two detectors are desired: to be decided on the funding, time-line, need for complementarity, 
and other things

EIC Detectors Illustrated

9

• Hermetic detector, low mass inner 
tracking 

• Electron measurement & jets in 
wide rapidity range 

• Good momentum resolution (x, Q2) 
• Good impact parameter resolution 

(heavy flavor)   
• Excellent EM resolution, especially 

e-going direction  
• Good hadronic energy resolution in 

h-going direction 
• Excellent PID π/K/p 
‣ Forward:  up to 50 GeV/c 
‣ Central:  up to 7 GeV/c 
‣ Backward:  up to 8 GeV/c

e-endcap

h-endcap

barrel

10x100 GeV
Q2 > 1 GeV2

p/Ae

rapidity

p 
(G

eV
/c

)



Conceptual DETECTOR 

38

Si trackers

Gaseous RICH

HCal

ECal

TPC
ECal

ECal

PID
PID

TRD

TRD
HCal

HCal
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Reference Detector – Backward/Forward Detectors

39

far-forward 
detectors

far-backward 
detectors 

Extensive integration of 
forward and backward 

detector elements into the 
accelerator lattice

July 19, 2021 Karyashala for High Energy Physics science, techniques 
and tools @ MNIT, Jaipur



ECCE 101
• 77 institutions developing an EIC detector with full energy coverage and an optimized far 

forward detection region. 

• Based on an existing 1.5T solenoid in either EIC interaction regions, ready for the beginning 
of EIC accelerator operation. 

• ECCE will respond to the EIC call for detector proposals, addressing the full range of EIC 
physics outlined in the NAS study and the Yellow Report, as the EIC project detector 
(“Detector 1”). 

• ECCE shares the vision of the Nuclear Physics community that the EIC science mission is 
best served by two detectors.

• ECCE is open to all to participate - freedom of choice to also work on other proposals 
40



Up to 3T magnet

Ø ATHENA pre-collaboration is  open  to  the whole EICUG community
Ø Web-page:  https://sites.temple.edu/eicatip6
Ø Mailing lists: https://lists.bnl.gov/mailman/listinfo/
Ø Join EIC@IP6 on Slack: link
Ø The coordination committee: Silvia Dalla Torre, Abhay Deshpande, Olga 

Evdokimov, Yulia Furletova , Barbara Jacak, Alexander Kiselev, Franck Sabatie, 
Bernd Surrow

Ø Institutional board, charter committee, proposal committee, Working Groups 
for detector and physics in place.

Ø 94+ institutions contributing to the effort

https://sites.temple.edu/eicatip6
https://lists.bnl.gov/mailman/listinfo/
https://join.slack.com/t/eicip6/shared_invite/zt-nsocbr8y%20~lrhqi8We6FjV1CmnmVVTQ


ATHENA being integrated with farword/backward detectors into a 
single software package for full simulations (DD4HEP)

6/11/21 EIC at FNAL Tea 42

Roman pots 
(inside pipe)

Off-Momentum 
Detectors

B1apf dipole

B0 Silicon Detector 
(inside magnet bore)

ZDC

B0pf dipole

Hadron beam 
coming from IP B0apf dipole

B1pf dipole

Q1apf quadrupole

Q1bpf quadrupole

Q2pf quadrupole

B2pf dipole



CORE is a hermetic general-purpose detector that 
fulfills the EIC physics requirements.
• outlined in the Yellow Report. White Paper, etc.

CORE in Geant

p/A e

CORE: a COmpact detectoR for the EIC

The compact size has several advantages, including.
• higher luminosity for all c.m. energies
• reduced cost allowing investment in critical components

New 2.5 T solenoid (2.5 m long, 1 m inner radius)
Central all-Si tracker (+ GEM in h-endcap)
PID: DIRC in barrel, dual-radiator RICH in h-endcap, 
LGAD TOF in e-endcap
EMcal: PWO for h < 0 and W-Shashlyk for h > 0
Hcal and KL-µ (KLM) detectors integrated with the 
magnetic flux return of the solenoid

Main systems

h-endcape-endcap

P. Nadel-Turonski



Open collaboration - all EIC enthusiasts are welcome to join!

About 20 institutions

Bi-weekly meetings

§ Mondays at noon
• Time may change due to recent conflicts with other meetings

CORE pre-collaboration

Wiki and mailing lists

§ Wiki: https://eic.jlab.org/core

§ Mailing lists:
§ eic-core@jlab.org
§ eic-core-det@jlab.org
§ eic-core-phys@jlab.org

Physics working 

groups are forming!

https://eic.jlab.org/core


Physics at Low CM-High Lumi IR: A separate detector?

• Aim: to produce a White Paper to highlight the science 
at the EIC with  a high-luminosity at low-CM energy 

Interaction Region. 

• DES, SIDIS, Jets, HF, Spectroscopy, various 
researches with light nuclei

• Contact: Volker Burkert, Latifa Elouadrhiri, AD
• Conditions from the Call for proposal for the 2nd

detector:
• D2/IR2 complementary to D1/IR1, physics focus 

beyond EIC WP, and possibly modified IR2 design 
(compatible with IR1 and machine operations)

• Series of Center for Frontiers In Nuclear Science 
Workshops: 1st @ CFNS, 2nd @ ANL-CFNS, 3rd

APCTP=CFNS, 4th CNF-CFNS (DC).
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Recent machine development and studies
Possible to get high luminosity by only adjusting 
magnetic polarities of near-IR magnets

https://www.stonybrook.edu/cfns/


The EIC Users Group: EICUG.ORG
Formally established in 2016, now we have: 
~1300 Ph.D. Members from 35 countries, 254  institutions
New members welcome 

Map of institution’s locations

EICUG Structures in place and active:
EIC UG Steering Committee, Institutional Board, Speaker’s 
Committee, Election & Nominations Committee
Task forces on:
-- Beam polarimetry,  Luminosity measurement
-- Background studies,  IR Design

Year long workshops: Yellow Reports for detector design 

Annual meetings: Stony Brook (2014), Berkeley (2015), ANL 
(2016), Trieste (2017), CAU (2018), Paris (2019), FIU (2020), 
UCR&VUU(2021), Warsaw (2022)
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New:
Center for Frontiers in Nuclear Science (at Stony Brook/BNL)

EIC2 at Jefferson Laboratory

http://eicug.org/
http://www.stonybrook.edu/cfns/
https://www.eiccenter.org/eic-center-jefferson-lab
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R. Ent, T. Ullrich, R. Venugopalan
Scientific American (2015)

E. Aschenauer
R. Ent 

October 2018

A. Deshpande
& R. Yoshida

June 2019
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Detectors Planning: Path forward

• 3 Detector pre-proposals + 1 White Paper(?))

• Due date : December 1, 2021

• Independent external committee appointed by the Lab Managements 
will evaluate and advise the Labs and EIC project : modifying, merging & 
rejection of proposal…

• Under all circumstances: ALL Users will be accommodated 

• Current expectation Project Detector (D1) Selection : Q1FY22

• Detector Project complete Q4FY31: Ready for CD4A start of operations

• 2nd detector(?) about 2 yrs behind the 1st? Complete by CD4
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Project Schedule (being finalized)

July 19, 2021
15

Project Schedule

1/21/21

!RTA$*+")+$-3$

-B&)"+/-#*

!RT$N+")+$-3$

B,4*/6*

Karyashala for High Energy Physics science, techniques 
and tools @ MNIT, Jaipur 51



Summary
• The EIC will be a unique facility to address some of the most profound 

unsolved problems in QCD. It will explore in great detail the precise role 
gluons play in QCD dynamics using polarized beams and a range of nuclei 
colliding with electrons.

• BNL, Jefferson Lab working as partners, supported by the US Department 
of Energy and the world-wide Users are well poised to realize the EIC and 
start exploring the EIC science early 2030’s

• Considering the age profile of the group attending this meeting in Jaipur: This 
machine is for YOU. We hope you make the fullest use of it by enthusiastically 
participating in its realization and then the promise of its Science….
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