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Overview of the FIC & Goals of This meeting

Outline of this talk:
* Recent events: before and aftr QEIC-1
* Initiating a discussion for EIC India: what next
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\\\\ Stony Brook UIllVGI‘Slty Abhay Deshpande @ National Laboratory
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LONG RANGE PLAN
for NUCLEAR SCIENCE
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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 thw; highest priority for new facility
construction following the completion of FRIB.

Slide from
January, 4, 2020, QEIC-I, [IT Bombay
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Electron lon Collider:
The Next QCD Frontier

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

| The Electron lon Collider

For e-N collisions at the EIC:
v Polarized beams: e, p, d/*He
v' e beam 5-10(20) GeV
v' Luminosity Lg, ~ 103334 cm2sec
100-1000 times HERA
v’ 20-100 (140) GeV Variable CoM

5< Slide from

v+ January 4, 2020, QEIC-I, IIT Bombay

v' Variable center of mass energy

World’s first
Polarized electron-proton/light ion

and electron-Nucleus collider

Both designs use DOE’s

significant investments in
infrastructure

EIC-QCD workshop @ IITB

Polarized

Coherent Electron Electron Source

Injector Linac
Cooler

eRHIC

Detector |

Storage Ring

RCS Injector

| eRHIC Design Group
| eRHIC pre-CDR

a\ \
RHIC->EIC

Electron Collider Ring

Interaction Point

Rolf Ent, Jefferson Lab, CEBAF12-> EIC
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< EIC Physics at-a-Glance

PR Eur Phys. J. A52 (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,

%éﬁ“ﬁ Slide from the confined hadronic
January, 4, 2020, QEIC-I, IIT Bombay ons? How do the

~_.2Z. _inding?
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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 gluon: on
emission recombination

energy, giving rise to a gluonic matter with universal o
properties in all nuclei, even the proton? M“‘“‘Q&z = :‘?&*W

gluon



National Academy of Science, Engineering and Medicine

Assessment July 2018

TS Physics of EIC i FoR
_ - Emergence of Spin |
VAN ASSESSMENT OF ——
U.S.-BASED ELECTRON-ION - Emergence of Mass e ﬁ@%&
= ENCE. . Phveirs nf hinh-densitv aliinn fields Y ST
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. a factor ~100-1000 times HERA
- Broad range in center-of-mass energy: ~20-140 GeV
- Polarized beams e-, p, and light ion beams with flexible spin

patterns/orientation
(%I' c ot tal - Broad range in hadron species: protons.... Uranium
C s g e L - Up to two detectors well-integrated detector(s) into the machine
' and timely lattice

12/18/2022 EIC planning QEIC-II at IIT Delhi 6



EIC-QCD workshop @ IITB

The EIC Users Group: EICUG.ORG

Formally established in 2016

~950 Ph.D. Members from 30 countries, 189 institutions

U 1:v/,_-|

Map of institution’s locations

New:
Center for Frontiers in Nuclear Science (at Stony Brook/BNL)
EIC2 at Jefferson Laboratory

EICUG Structures in place and active.
EIC UG Steering Committee, Institutional Board, Speaker’s

Committee

Slide from
January 4, 2020, QEIC-I, IIT Bombay

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),
Warsaw (2021)
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Week following QEIC-I (Jan. 4-7, 2020)
=» A phase transition occurred in the EIC

January 9, 2020, | 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 lon Collider
- EIC to be realized in partnership with Jefferson Lab
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EIC gained momentum despite COVID




Key Partners Mark Launch of Electron-lon Collider Project
p h p? a e 1 1 73 99 State-of-the-art facility and partnership among DOE, NYS, Brookhaven Lab, and Jefferson Lab will
- open a new frontier in nuclear physics, a field essential to our understanding of the visible universe
with applications in national security, human health, and more

https://www.bnl.gov/newsroom/new

September 18, 2020

Electron-lon Collider
Project Launch

(U »

Electron-lon Collider Project Launch
Watch later Share

=1 oJs]

-

Replay of Electron-lon Collider project launch event at Brookhaven Lab, September 18, 2020
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EIC Advisory Board

e S. Henderson, TJ Director, Chair
D. Gibbs
Laboratory Director Project Advisory Committee

T. Glasmacher, Chair

_ EIC Resource Review Board
| H. Gao, BNL Associate Lab Director for Nuclear & Particle Physics
or

EIC User Group Steering Committee

R. Fatemi, Chair | e-ceoeeee ELECTRON-ION COLLIDER PROJECT D. Dean, T) Deput;/r‘][:;rector for Science
), o 3. Yack (BNL), Projecibliigttor TBD Co-Chair, International Funding Agency

F. Willeke (BNL), Deputy Project Director and Technical Director
K. Smith (BNL), Deputy Technical Director

K. Amm (BNL) SCIENTIFIC AND TECHNICAL ADVISORY COMMITTEES
EIC SC Magnet Production Manager R. Ent (TJ), Co-Associate Director for  A. Lung (TJ), Deputy Project Director Detector Advisory Commiitee
Maria Chamizo Llatas (BNL) the Experimental Program for TINAF Partnership E. Kinney, Chair
EIC In-Kind Manager E. Aschenauer (BNL), Co-Associate A. Seryi (TJ), Associate Director for Infrastructure Construction Advisory Committee
A. Deshpande (BNL) Director for the Experimental Accelerator Systems & M. Fallier, Chair
EIC Science Director Program International Partnership TIPS PE Na——

Luisella Lari (BNL), Project Manager

T. Raubenheimer, Chair

I

« 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

11
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/ '\ E|C SCOpe Overview Facilities modified, construct new
| RHIC

RHIC | accelerators and detector(s).

BNL-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
electronaccelerator:
rapid cyclingsynchro’sron d ete cto r

ion

EIChadronaccelerator/
storagering uses

electron existing RHICring

storagering

- Capability for implementing 2 IRs
* Infrastructure improvements.

‘ RHICrings
Detector : P



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

EIC Institutional Board

® North America M Asia

Y

’] - EICUG membership @ time of
EICUG Meetings

——————

Pacific

2 ——=EICUG membership



http://eicug.org/
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EICUG led “reference” detector design
2019-2021 “Yellow Report”

902 pages
415 authors
151 institutions

120 MB

EIC planning QEIC-II at lIT Delhi

SCIENCE REQUIREMENTS
AND DETECTOR

8 CONCEPTS FOR THE
- @( ELECTRON-ION COLLIDER

EIC Yellow Report

e Gy e NG [

HADRON CALORIMETER ENDCAP
ELECTROMAGNETIC CALORIMETER
PRESHOWER CALORIMETER
CERENKOV COUNTER

TRANSITION RADIATION DETECTORS

BARREL EM CALORIMETER
DIRC
SOLENOID

RICH DETECTOR
BARREL HADRON CALORIMETER

TRANSITION RADIATION DETECTORS
PRESHOWER CALORIMETER
ELECTROMAGNETIC CALORIMETER
HADRON CALORIMETER ENDCAP

[Preshower] [ i Tracker | [ [TRACKER][_TRD
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Nucl. Phys. A 1026 (2022) ; arXiv:2103.05419
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The three proposals: reviewed by an external panel

EIC Advisory Panel’'s recommendation on April 8, 2022

CORE - a COmpact detectoR for the EIC Q C C E:

R. Alarcon,! M. Baker,? V. Baturin,® P. Brindza,® S. Bueltmann,® M. Bukhari,*
EIC Comprehensive Chromodynamics Experiment

R. Capobianco,” E. Christy,? S. Diehl,>® M. Dugger,! R. Dupré,” R. Dzhygadlo,®
K. Flood,’ K. Gnanvo,? L. Guo,® T. Hayward,® M. Hattawy,® M. Hoballah,”
Collaboration Detector Proposal

M. Hohlmann,'! C. E. Hyde [*}* Y. Llieva,'> W. W. Jacobs,"® K. Joo,” G. Kalicy,"*
A. Kim,® V. Kubarovsky,? A. Lehmann,'® W. Li,'0 D. Marchand,” H. Marukyan,'”
M. J. Murray,'® H. E. Montgomery,? V. Morozov,' 1. Mostafanezhad,’

A. Movsisyan,'” E. Munevar,2 C. Muiioz Camacho,” P. Nadel-Turonsk{’,®
S. Niccolai,” K. Peters,® A. Prokudin,>?' J. Richards,” B. G. Ritchie,' U. Shrestha,’
B. Schmookler,'® G. Schnell,? C. Schwarz,® J. Schwiening,® P. Schweitzer,
P. Simmerling,® H. Szumila-Vance,? S. Tripathi,?® N. Trotta,” G. Varner,?
A. Vossen,?* E. Voutier,” N. Wickramaarachchi,'* and N. Zachariou®
1 Arizona State University, Tempe Arizona 85287

2Thomas Jefferson National Accelerator Laboratory, Newport News VA 23606
Novfall: Virninin 92590

3014 Daminian Tninoresitar

“' Penn State Unwersity Berks, Reading Pennsylvania 19610
22 University of the Basque Country UPV/EHU & Ikerbasque, Bilbao, Spain
2 University of Hawaii, Honolulu Hawaii 96822
2 Duke University, Durham North Carolina 27708
25 University of York, Heslington, York, Y010 5DD, UK
(Dated: December 1, 2021)

A state of the art detector capable of fully exploiting the science potential of the EIC, realized
through the reuse of select instrumentation and infrastructure, to be ready by project CD-4A

December 1, 2021

* chyde@odu.edu
b turonski@jlab.org
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Detector Proposal Advisory Panel =»

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 lon Collider (EPIC) Detector

Collaboration formed =» working together to realize the EIC science = Dec.12, 2022, EPIC
Charter was approved = elections will be held soon.

DPAP: Enthusiastically supported the idea of a second detector for the 2" IR
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nadronic calorimeters =s==mn EIC Management team working with the
ORI | MPG & MAPS trackers || RICH detectors EICUG to realize EPIC

Detector requirements:
I O Large rapidity (-4 <n < 4) coverage; and far beyond
iy — | o Large acceptance for diffraction, tagging, neutrons from
o nuclear breakup: critical for physics program
- Integration into IR from the beginning critical

December 12, 2022: EPIC Charter was Approved
A detector collaboratlo_n hes been formed

"' - , 7”"':‘0“9 > - 0 Electromagnetlc and Hadromc Calorlmetry
N g’ o equal coverage of tracking and EM-calorimetry
NARA O High performance PID to separate e, &, K, p on track level
\ o good e/h separation critical for scattered electron ID
B 0 Maximum scientific flexibility
o Streaming DAQ - integrating Al/ML
O Excellent control of systematics

o luminosity monitor, electron & hadron Polarimetry

~_2king
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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: . of Goa, Panjab B., MNIT and RMRCK
- TRK, MPGD/TRK, MPGD/PID

* MPGD based

Hybrid - Tracker and PID
(Harl:ilv[\)/are) *LAPPD
e Photocathode
Characterizations
NISER & BHU

* PID Simulations - Laboratory for Photon Detection
PID e Detector
(Software) Simulations - Installing & enhancing photon detection
* Analysis - Collaborate on photocathode coating and

characterization
- New scientists hired at NISER

MGl - Silicon Trackers
NISER:
I . itions - Silicon Lab. Initiative: scientists, engineers
Sl DAQ programming - Current effort on ALICE = EPIC

S. Das, APCTP Workshop, S. Korea
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ATHENA did not get selected should NOT affect you or any one of us
interested in the EIC

Indian Scientific interests — | 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.

THIS IS MEETING IS ABOUT HOW
BEST TO DO THIS
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Indlan Instltutes mterested in EIC

= -\
o Kabul s N "‘
Y B8 e R H A Peshawar rinagar Nor
lslamabad
8l d,mnwala
78
Lahore-§* Amritsar | e 3
N
Multan /j-us’(handlgar
Muzaffarnagar Tehsil®

leerut
New Delhi-,
Galitam, o K

P e Ly ey DWLucknow s araicen ¥ suura ¢
vy SO Jaipur Oagn' % Konpur Ditiat ‘dgdriupur = |
yderabad Jodhpur B OTAgTa) e ) B(’)\' o
Poshina - . Jhalawar Vacanasi Patna (gra N
r—~/‘> o > ” ik BA Ncuot(s,u
LFGuiaraT o daba Bh: | * Katni an 4 olkaf
18 Instltutes from all around India have shown o Bk INDIA  Dimtedprs. g PR 7
. *Vadodara PRADESH we attogram
interest. 787 : e i
Nat . . s .
. . e :"d Indian long-range plan — Mega Science Vision 2035 — Nuclear Physics
Interests in Software as well as in hardware |  vurbsgrinan = 0 o
ik Pune derab . 1 =
activities. el OCD: Recommendations -
. Ssr\ h <
* Vertex tracking detectors and PID detectors. .. oy s
+ Physics simulations related to the above detector Davangere Taluka Q4 phelstad obihelScRen P pEties CHOCRIC Sties £ concg. - Hiture
systems, dominantly related to heavy flavor Bengalury one of the most compelling science problems in nuclear 8 o (c:"l‘;f:a' &
’ angalore ps _Collider
production. Coimbatore T physics. It includes mapping the phase diagram of the ’ o . D
. - : g Ba omcC emical Potential ug (MeV)
* Detector Simulation. Tiuppur Taluka . mad® QCD matter, measuring the properties of the QCD oG ot e X
. " Tirunel What the ph: truct
Thieendrum 'T:I‘:;'E;’ matter subjected to extreme conditions of temperature, of (§u :;:umeghr?)srz os dyrl:;;;lﬁr:s g
e e pressure, baryon density, electromagnetic fields and (QCD) matter?
accadive Sea ol0

angular momentum, finding out the partonic content of How do the strong interactions amongst quarks and
gluons inside the nucleons result in confinement and
collectively result in their properties such as mass

and spin?

04-11-2022 Dr. S. S. Dasgupta, NISER, Bhubaneswar . .
a nucleus and the fundamental mechanisms behind

the properties of nucleons, such as its mass and spin.

We recommend continued participation in heavy-ion toom,
s iy (51
B planned facilty

programs at LHC, RHIC and FAIR, the collision energies B eperners o

of which, only when taken together, allow to map the

QCD phase diagram. While the CBM experiment, which
is under construction at FAIR, should be the focus for the
high-energy nuclear collisions in the near future, [INR¢1K%]

How does a nucleus look in terms of its partonic content? Does the
gluon density saturate to gluonic matter of universal properties?
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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) = 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.



