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Outline of this talk:
• Recent events: before and aftr QEIC-1
• Initiating a discussion for EIC India: what next 



Gluons, the carriers of the strong force, bind the quarks 
together inside nucleons and nuclei and generate nearly 
all of the visible mass in the universe. Despite their 
importance, fundamental questions remain about the role 
of gluons in nucleons and nuclei. These questions can 
only be answered with a powerful new electron ion 
collider (EIC), providing unprecedented precision and 
versatility. The realization of this instrument is enabled by 
recent advances in accelerator technology. 

RECOMMENDATION:
We recommend a high-energy high-luminosity 
polarized EIC as the highest priority for new facility 
construction following the completion of FRIB.

http://science.energy.gov/np/reports
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EIC science 
highlights
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QS: Matter of Definition and Frame (II)

7

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)
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EIC Physics at-a-Glance
Eur. Phys. J. A 52 (2016) 9, 268 arXiv:1212.1701 (nucl-ex)

How are the sea quarks and gluons, and their spins, distributed 
in space and momentum inside the nucleon?  How do the 
nucleon properties (mass & spin) emerge from their interactions?

How do color-charged quarks and gluons, and colorless jets, 
interact with a nuclear medium? How do the confined hadronic 
states emerge from these quarks and gluons? How do the 
quark-gluon interactions create nuclear binding?QS: Matter of Definition and Frame (II)
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gluon 
emission

gluon 
recombination

?

How does a dense nuclear environment affect the 
quark- and gluon- distributions? What happens to the 
gluon density in nuclei? Does it saturate at high 
energy, giving rise to a gluonic matter with universal 
properties in all nuclei, even the proton? =
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EIC science:
compelling, fundamental

and timely

Physics of EIC
• Emergence of Spin 
• Emergence of Mass  
• Physics of high-density gluon fields

Machine Design Parameters:
• !"#$%&'(")*+",-.%'/%,*%01!!201!" 3(#$+43#%&

• !"#!$%&'"()**+)***"%,-./"0123"
• 56*78%67)#4%")%34),462*92(7++%4)46#-.%:;120<1%=4>
• ?*&76"@48%A47(+%42B%/B%7)8%&"#$,%"*)%A47(+%C",$%9&4D"A&4%+/")%
/7,,46)+E*6"4),7,"*)

• 56*78%67)#4%")%$786*)%+/43"4+.%/6*,*)+FG%H67)"'(
• H/%,*%,C*%84,43,*6+%C4&&2"),4#67,48%84,43,*6I+J%"),*%,$4%(73$")4%
&7,,"34%

National Academy of Science, Engineering and Medicine 
Assessment July 2018 
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Week following  QEIC-I (Jan. 4-7, 2020)
èA phase transition occurred in the EIC 

January 9, 2020, I was on an overnight train to Sholapur 
when BNL’s ALD Berndt Mueller called me to say that:

• EIC received DoE’s “CD0” on Dec. 19, 2019
• BNL will be the site of the Electron Ion Collider
• EIC to be realized in partnership with Jefferson Lab
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EIC gained momentum despite COVID

EICEIC
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https://www.bnl.gov/newsroom/news.php?a=117399
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• DOE, together with BNL and JLab, envision an EIC facility that is “fully international in character.”
• EIC Advisory Board provides oversight and advice on the construction of the facility, focusing on the accelerator
• EIC Project Advisory Committee provides advice on the successful delivery of the DOE EIC Project 

(management, scope, schedule, cost, and performance)

• EIC RRB to provide oversight of the experiments

12/18/2022 EIC planning QEIC-II at IIT Delhi



EIC Scope Overview

Detector

(ESR
)

(HSR)

RHIC
EIC

New systems include:
• Polarized electron source,
• Injector linac, 
• Electron cooler complex,
• Rapid Cycling Synchrotron(RCS), 
• Electron storage ring (ESR),
• Interaction region (IR) with 1 

detector

• Capability for implementing 2 IRs
• Infrastructure improvements.

Facilities modified, construct new 
accelerators and detector(s).  
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The Global EIC Users Group: EICUG.ORG
Formally established in 2016, now we have: 

~1350 Ph.D. Members from ~36 countries, 266  institutions
EICUG is continuously growing 
with world-wide participation
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http://eicug.org/


EICUG led “reference” detector design 
2019-2021 “Yellow Report”
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Nucl. Phys. A 1026 (2022) ; arXiv:2103.05419

902 pages
415 authors
151 institutions

120 MB

Si trackers

Gaseous RICH

HCal

ECal

TPC
ECal

ECal
PID

PIDTRD
TRD

HCal
HCal



The three proposals: reviewed by an external panel
EIC Advisory Panel’s recommendation on April 8, 2022 
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Detector Proposal Advisory Panel  è
16

All three proposals received high marks & concluded that both ATHENA and ECCE satisfied 
the requirements

Recommended ECCE as the “reference detector”: lower risk and cost
§ ATHENA, ECCE – collaborator overlap – neither large enough to become Detector 1
§ Strongly encouraged the proto-collaborations to merge and build the Project Detector 

starting from ECCE‘s reference design

As of July 2022: (ATHENA + ECCE) : Electron Proton Ion Collider (EPIC) Detector 
Collaboration formed è working together to realize the EIC science è Dec.12, 2022, EPIC 
Charter was approved è elections will be held soon.

DPAP: Enthusiastically supported the idea of a second detector for the 2nd IR
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EIC Management team working with the 
EICUG to realize EPIC

17

hadronic calorimeters

e/m calorimeters          
ToF, DIRC,  

RICH detectorsMPG & MAPS trackers

solenoid coils

12/18/2022

Detector requirements:
q Large rapidity (-4 < h < 4) coverage; and far beyond

o Large acceptance for diffraction, tagging, neutrons from 
nuclear breakup: critical for physics program
à Integration into IR from the beginning critical
Many ancillary detector along the beam lines: 
low-Q2 tagger, Roman Pots, Zero-Degree 
Calorimeter, ….

q High precision low mass tracking
o small (µ-vertex Silicon) and large radius (gas-based) tracking 

q Electromagnetic and Hadronic Calorimetry
o equal coverage of tracking and EM-calorimetry 

q High performance PID to separate e, p, K, p on  track level
o good e/h separation critical for scattered electron ID

q Maximum scientific flexibility
o Streaming DAQ à integrating AI/ML

q Excellent control of systematics
o luminosity monitor, electron & hadron Polarimetry

EIC planning QEIC-II at IIT Delhi

December 12, 2022: EPIC Charter was Approved
A detector collaboration has been formed



The Indian context and potential impact:
Slowly, steadily but assuredly, the Indian interest & involvement in the EIC related 
activities has grown. 

Started with theory (Asmita M., Rohini G.) and lattice QCD (Nilmani M.) and now a 
strong young group of experimentalists (many in this audience) led & organized 
with the help from Bedanga M. et al. 
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Indian Interests in EPIC: U. Of Goa, Panjab B., MNIT and RMRCK
• TRK, MPGD/TRK, MPGD/PID
• Tracker and PID

NISER & BHU 
• Laboratory for Photon Detection
• Installing & enhancing photon detection
• Collaborate on photocathode coating and 

characterization
• New scientists hired at NISER

NISER:
• Silicon Lab. Initiative: scientists, engineers
• Current effort on ALICE è EPIC
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S. Das, APCTP Workshop, S. Korea



THIS IS MEETING IS ABOUT HOW 
BEST TO DO THIS

Indian Scientific interests – I assume – are the same, so we are here to see 
how best to incorporate all your interests, passions, and resources in to the 
EIC project – including EPIC detector.
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ATHENA did not get selected should NOT affect you or any one of us 
interested in the EIC
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My observation: 
(Details n S. Datta’s presentation in recent past and many private discussions)

EIC India wiling to be involved in designing and commissioning the EPIC: Do 
whatever studies needed, with collaborators

Large trained community working in QCD that is willing to be re-oriented and
focus on EIC.

Significant software expertise already super useful for EIC Users Group,
ATHENA and ECCE proposals 

Main hardware interest: Particle Identification (with technologies and 
experience gained in experimental involvements/collaborations) and (Si 
tracking). 
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Today, this week, and near future

• EIC Science and Detector status/Opportunities (Elke Aschenauer)
• Details of EIC-Indian interests: (Shuddha’s Das)
• EIC-India’s various software contributions and potentials (Markus 
Diefenthaler)

• A short window for discussion 
• Discussion on preparation of a document to go to Govt. Of India for 
requesting funding for Indian activities. (B. Mohanty) è Lets try to get 
specific

• Continually enhance and support Indian’s theoretical interests in the 
EIC
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This week:

•We visit and re-visit all interests & issues (theory and 
experiment) 

•Discussion in the context of the EPIC detector going forward 

•Help each other any way we can to make both EPIC, EIC 
and EIC-India successful. 

12/18/2022 EIC planning QEIC-II at IIT Delhi 24


