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Overview of EIC

World’s first collider for polarized e+p and 
e+A collicer

• High luminosity ~ 1034 cm-2s-1

• Ecm = up to ~100 GeV
• 2+ interaction points
• To be built at BNL in ~2030 

Rich physics programs 
• 3-d tomography of p and A
• Baseline for QGP 
• Origin of proton spin
• Test for mass 
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Major additions fit in RHIC tunnel

� Rapid Cycling Synchrotron (RCS) for electrons and Electron 
Storage Ring (eSR) fit into the existing RHIC tunnel

� Two detector halls available for interaction regions and 
detectors; one was included in independent cost review

RCSeSR RHIC

Existing
RHIC
tunnel 8

� Strong hadron 
cooling completes 
the facility

� Alternate solution 
also shown using 
RHIC blue ring

How RHIC is transformed into an EIC
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Deep(est) inelastic scatteringUS EIC – Luminosity & kinematics coverage 

eA 

ep 
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Unprecedented precision for proton spin structure  

Polarized DIS 
at EIC 

!  Reach out the glue: 

!  The power & precision of  EIC: 

The Proton Spin 
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Tomography of nuclei

• GPD : generalized parton distribution 
• Imaging gluons with 3 degrees-of -freedom  
• Probed by mesons in DVCS(deeply virtual 

compton scattering) 

DVCS (Deeply Virtual Compton Scattering) 

Meson Production 
J/\, I, 
U, etc.

Tomography of the nucleon / nucleus 
• EIC = color dipole microscope 

• Exclusive process and diffractive process 
• 3D distribution: transverse spatial distribution 

• GPD (Generalized Parton Distribution) 
• Spatial imaging of gluons and quarks = tomography 

• HERA: 1st generation 
• EIC: 2nd generation (high luminosity, heavy ion, polarization) 

• Orbital angular momentum  
• Ji’s sum rule 
• Origin of the nucleon spin 
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Preparation for new experiments  
Example 1 : Dual-Readout team

• Future electron-positron colliders to be built at 
CERN and China 

• R&D initiated by KNU and Yonsei U. now covers 
diverse groups

• Several LoIs for Snowmass  
Example 2 : CMS RPC

• Longstanding project in KCMS 
• Base for numerous muon-related papers from 

Korean HI group 

So, we need…
• Strong and clear motivation for epochal discovery
• Hardware R&D plan as the seed for the big umbrella for our division 
• It is time



Nuclear experiments associated with K-physicists 

7

LHC - QGP (high-E) RHIC - QGP (low-E) , spin  

JLab - GPD, TMD J-PARC - hadron physics

https://hypernews.cern.ch/HyperNews/CMS/get/HIN-18-008/59.html
https://hypernews.cern.ch/HyperNews/CMS/get/HIN-18-008/59.html
https://docs.google.com/document/d/1F80DrXVbmtbjDv-s6DrcV_VROmX8FHzhHOveiumW2BA/edit?usp=sharing
https://docs.google.com/document/d/1F80DrXVbmtbjDv-s6DrcV_VROmX8FHzhHOveiumW2BA/edit?usp=sharing
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Example: CEA-Saclay 

EOI presentations : https://indico.bnl.gov/event/7352/timetable



Ultra-peripheral collision (UPC)
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Exclusive dijets in UPC PbPb @5 TeV  
(CMS-PAS-HIN-18-011)

Exclusive dijet photoproduction is the only process directly sensitive to the Wigner gluon 
distribution. e.g., Y. Hatta, B.-W. Xiao, and F. Yuan,  Phys. Rev. Lett. 116, 202301 (2016) 

The magnitude of the spatial momentum anisotropy is measured by the second Fourier harmonic 
of the azimuthal distribution
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Vector sum of 2 jets:

Vector di�erence of 2 jets:

-

where R is the angle between PT and QT:  

Wigner and Husimi gluon distributions are
the most fundamental gluon distribution

Elliptic gluons: predicted non-trivial angular correlations of the gluon Wigner distributions. 
Depend on impact parameter and gluon transverse momentum.

Pb Pb

-

16
Similar trend between data and RAPGAP, 
but RAPGAP prediction is above the data. 

<cos(2R)> reaches a constant value
~0.5 at QT > 10 GeV

Exclusive dijets in UPC PbPb @5 TeV  
(CMS-PAS-HIN-18-011)

CMS-HIN-18-011

Photo-production of VM, photon and dijet
• Most probes go forward 
• Can be directly extended in the EIC 
• Need trackers and calorimeters with high 

resolution and granularity
• Useful for spin physics as well
• International network established for hardware 

development and analysis

Ruchi Chudasama 15Nuclear modi1ca2on and upsilon photproduc2on with CMS HP 2020

Pb (p) Pb (p)

p (Pb)p (Pb)

• Photon with Kux  α  Z2  

• Photon emi-ed by Pb interacts with p -> 

γp: dominant contribu2on

• Photon emi-ed by p interacts with Pb -> 

γPb: Small contribu2on

Vector 
meson

q

q

Ruchi Chudasama 17Nuclear modi1ca2on and upsilon photproduc2on with CMS HP 2020

UPC Trigger :   at least 1 muon + number of tracks < 5

Upsilon selec!on in UPC: 

Exactly 2 muons + No tracks or ac2vity in Forward calorimeter  |η| < 5.2

p
T

m > 3.3 GeV, |ηm| < 2.2

No addi2onal ac2vity in |η| < 5.2

p
T

mm : 0.1-1 GeV



Other interesting HI observables
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Workshop on Forward Physics and QCDY. Mehtar-Tani 6

QGP signatures I: collectivity

• Collective flow is a response of the system to initial 
geometry: initial spacial anisotropy is transformed into 
momentum anisotropy 

px > pyInitial geometry 

Final state interaction 

x

y

E
d3N
d3p

= dN
2πpdpdy {1 + 2 vn cos [n (φ − ΦEP)]}

v2 v3 v4

• Flow harmonics :vn
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Collective moment of particles in A+A, p+A and p+p

What is the collective motion in 
the very small system in e+A?

Workshop on Forward Physics and QCDY. Mehtar-Tani 11

Quarkonia (bottomonium) suppression 

•  Hierarchy of quarkonium dissociation 
probes the temperature of the medium, 
providing a so-called “QGP 
thermometer”

CMS-PAS-HIN-15-001

Υ(1S) Υ(2S) Υ(3S)

Disassociation of quarkonia by deconfined system

Nuclear modification by cold 
nuclear matter

Hard modes: 

Jets

proton

nucleus

Jet quenching

Workshop on Forward Physics and QCDY. Mehtar-Tani 24

Parton energy loss at NLO

tf = ω/k2
⊥

t0 ∼ 1/pT

• The plasma generates a new time scale: the decoherence time 
r⊥ ∼ θ t

k−1
⊥ ∼ ( ̂qt)−1/2

tdecoh ≡ ( ̂qθ2)−1/3

• The offspring quark and gluon lose energy independently only after  tdecoh

tdecoh

θ

MT,  Salgado, Tywoniuk PRL (2010), PLB (2012), Casalderrey, Iancu JHEP (2011)  

θc = 1

̂qL3
Resolution angle:

Energy loss and modification of 
constituent of jet by cold 
nuclear matter
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Proton spectrometer studiedy by RIKEN

Taken	from	Goto’s	slides
Proton spectrometer 

• GPD measurement 
• Normalization (low pT or |t| coverage) 
• Slope and shape (high pT or |t| coverage) 

• Veto of nuclear breakup events in e+A
• for proton detection, with ZDC for neutron detection

• Isotope tagging 
• with particle ID 

• B0 sensors and Roman pots at eRHIC
• r1.3 GeV/c pT for 275 GeV proton (Roman pot)  

November 19, 2019 19

shown by Jentsch

pT

T

RP   |   B0 sensors



Summary
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• EIC is a great opportunity for new physics in our division
• Can be connected to (most of) your research areas

• EoI to be inclusive and abstract (yet must be clear!)
• Contribution for hardware development in any scope is essential  
• Forward calorimeter is chosen as a candidate among heavy ion colleagues
• We are in a good position to consider Dual-Readout technology
• Deadline is Nov. 1st 
• Any input will be very useful

tify the orbital angular momentum carried
by partons in different ways.

The theoretical framework we have
sketched is valid over a wide range of mo-
mentum fractions x, connecting in particular
the region of valence quarks with the one of
gluons and the quark sea. While the present
chapter is focused on the nucleon, the con-
cept of parton distributions is well adapted
to study the dynamics of partons in nuclei, as
we will see in Sec. 3.3. For the regime of small
x, which is probed in collisions at the highest
energies, a different theoretical description is
at our disposal. Rather than parton distribu-
tions, a basic quantity in this approach is the
amplitude for the scattering of a color dipole
on a proton or a nucleus. The joint distri-
bution of gluons in x and in kT or bT can
be derived from this dipole amplitude. This
high-energy approach is essential for address-
ing the physics of high parton densities and
of parton saturation, as discussed in Sec. 3.2.
On the other hand, in a regime of moder-
ate x, around 10−3 for the proton and higher

for heavy nuclei, the theoretical descriptions
based on either parton distributions or color
dipoles are both applicable and can be re-
lated to each other. This will provide us with
valuable flexibility for interpreting data in a
wide kinematic regime.

The following sections highlight the
physics opportunities in measuring PDFs,
TMDs and GPDs to map out the quark-
gluon structure of the proton at the EIC.
An essential feature throughout will be the
broad reach of the EIC in the kinematic
plane of the Bjorken variable x (see the Side-
bar on page 18) and the invariant momentum
transfer Q2 to the electron. While x deter-
mines the momentum fraction of the partons
probed, Q2 specifies the scale at which the
partons are resolved. Wide coverage in x
is hence essential for going from the valence
quark regime deep into the region of gluons
and sea quarks, whereas a large lever arm in
Q2 is the key for unraveling the information
contained in the scale evolution of parton dis-
tributions.

Deep Inelastic Scattering,
e+ p −→ e+X, proceeds through the ex-
change of a virtual photon between the elec-
tron and the proton. The kinematic descrip-
tion remains the same for the exchange of a
Z or W boson, which becomes important at
high momentum transfer. Depending on the
physics situation, the process is discussed in
different reference frames:

the collider frame, where a proton with en-
ergy Ep and an electron with energy Ee col-
lide head-on

the rest frame of the hadronic system X,
i.e. the center-of-mass of the γ∗p collision

the rest frame of the proton

Kinematic Variables:
In the following, we neglect the proton mass,
M , where appropriate, and the electron mass
throughout.

k, k′ are the four-momenta of the incoming
and outgoing lepton
p is the four-momentum of a nucleon

Deep Inelastic Scattering: Kinematic
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k

p X
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Figure 2.3: A schematic diagram of the Deep
Inelastic Scattering (DIS) process.

Kinematic Variables

Deep Inelastic Scattering,

collider frame

rest frame

rest frame
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Figure 6.6: A schematic view of a dedicated EIC detector.

types. The two most prominent options for
the barrel tracker are a TPC and a cylindri-
cal GEM-Tracker. For large radii, forward
tracking GEM-Trackers are the most likely
option. The projected rates for a luminosity
in the 1034 cm−2 s−1 range, depending on
the center-of-mass energy, between 300 and
600 kHz, with an average of 6 to 8 charged
tracks per event. These numbers do not im-
pose strong constraints on the technology for
a tracker.

Due to the momentum range to be cov-
ered the only solution for PID in the forward
direction is a dual radiator RICH, combining
either Aerogel with a gas radiator like C4F10

or C4F8O if C4F10 is no longer available, or
combining the gas radiator with a liquid ra-
diator like C6F14.

In the barrel part of the detector, several
solutions are possible as the momenta of the
majority of the hadrons to be identified are
between 0.5 GeV and 5 GeV. The technolo-
gies available in this momentum range are
high resolution ToF detectors (t ∼ 10ps), a
DIRC or a proximity focusing Aerogel RICH.

For the electromagnetic calorimetry in
the forward and backward direction, a so-
lution based on PbWO4 crystals would be
optimal. The advantages of such a calorime-
ter would be a small Molière radius of 2 cm

and a factor of two better energy resolution
and higher radiation hardness than, for ex-
ample, lead-glass. To increase the separation
of photons and π0s to high momenta and to
improve the matching of charged tracks to
the electromagnetic cluster, it would be an
advantage to add, in front of all calorimetry,
a high-resolution pre-shower. We follow for
the barrel part of the detector the concept
of very compact electromagnetic calorime-
try (CEMCal). A key feature is to have
at least one pre-shower layer with 1–2 ra-
diation lengths of tungsten and silicon strip
layers (possibly with two spatial projections)
to allow separation of single photons from
π0 to up pT ≈ 50GeV, as well as enhanced
electron-identification. A straw-man design
could have silicon strips with ∆η = 0.0005
and ∆φ = 0.1. The back section for full elec-
tromagnetic energy capture could be, for cost
effectiveness and good uniformity, an accor-
dion Lead-Scintillator Design, which would
provide gain uniformity and the ability to
calibrate the device. A tungsten- and silicon-
strip-based pre-shower would also be a good
solution for the forward and backward elec-
tromagnetic calorimetry.

To achieve the physics program as de-
scribed in earlier sections, it is extremely
important to integrate the detector design
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Figure 3.31: Cartoon showing a similarity of the kinematics and geometry in production of
hadrons in a hot matter created in A+A collisions and in SIDIS on nuclei.

ments at a future EIC. The path lengths in
the cold nuclear matter and hot medium are
similar, of the order of the nuclear radius.
However, SIDIS on nuclear targets allows to
test suppression models in much more spe-
cific and controlled conditions. The nuclear
density does not vary with time, its value and
spatial distribution are well known, while the
probe is characterized by the virtual photon’s
energy ν and the photon’s four-momentum
squared Q2 are also uniquely determined (see
the Sidebar on page 18). At the leading or-
der of the strong interaction, the momentum
of the hadronizing quark, as well as the frac-
tional energy zh of the detected hadron, are
effectively measured.

Accurate measurements of different ob-
servables, like the magnitude of suppression
and broadening at different ν, zh and Q2

with different nuclei should provide a strin-
gent test for the models of energy loss and in-
medium hadronization. If the suppression is
dominated by the partonic energy loss, these
measurements would help constrain the value
of the jet quenching parameter q̂ of a known
medium. This parameter is central to the en-
ergy loss studies in A+A collisions: its value
for hot nuclear matter in the early stages of
the collision is presently narrowed down to
the range of 2 GeV2/fm to 10 GeV2/fm. The

cold nuclear matter experiments at an EIC
would help further pinpoint the value of this
important parameter.

Furthermore, at an EIC, for the first time
one will be able to study open charm and
open bottom meson production in e+A col-
lisions, as well as the in-medium propaga-
tion of the associated heavy quarks: these
measurements would allow one to fundamen-
tally test high-energy QCD predictions for
partonic energy loss, and confront puzzling
measurements of heavy flavor suppression in
the QGP at RHIC (see Sec. 3.3.2).

With a wide energy coverage, the EIC
could be an excellent machine to study
the space-time development of hadroniza-
tion by varying the energy and virtuality
of the probe – the exchanging virtual pho-
ton in SIDIS. As discussed in Sec. 3.3.2,
the color neutralization of the fragmenting
quark could take place inside the nuclear
medium to form the so-called “pre-hadron”
state, which is a name for a state of partons
with zero net color but with the same quan-
tum numbers of a hadron that the state is
about to transmute into. The “pre-hadron”
state represents an intermediate stage of the
hadronization process from an energetic sin-
gle parton produced in a hard collision to
the hadron observed in the detector. This

104
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Round table discussion

Expression of Interest 준비
• Physics interest 및 hardware 전문성 조사 
• Calorimeter, tracker and what else?
장기적이고 조직적인 EIC  준비 

• 관련 모든 실험이 함께 할 수 있는 빅텐트 구상
• QGP, spin, hadron, weak running coupling, etc

• 검출기 R&D에 필요한 예산 확보 
• 한-CERN 사업과 유사한 조직의 구성


