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The upcoming electron-ion collider (EIC) to be built at the Brookhaven
National Lab, USA will probe the internal strticture of the protons and
neutrons to unprecedented details, in terms of the fundamental
building blocks, quarks and gluons. The EIC will bombard highly
energetic electron beams with proton/heavy ion beam. Some of the
key questions that the EIC will investigate are (i) how the quarks and
gluons are distributed inside the nucleon? (i) How do the massless
gluons and light quarks make up the mass of the bulk of the visible
matter in the universe? (iii) How is the spin (1/2) of the proton made
up from the spin of its constituents and what is the role of the orbital
angular momentum of the quarks and gluons? (iv) Does a steady state
of gluon saturation occurs in the heavy ion collision, called color glass
condenstate? Due to its high luminosity and wide kinematical
coverage, EIC will probe the nucleon to unprecedental level, giving
access to information nev
rogram is divided into two parts, for which separate registration
needed. In the first week of the program, there will be a school
ly intended for PhD students, postdocs and junior faculty
members working in the related field, where a set of introductory
will be given by experts. In the second week, there will be a
orkshop where frontier areas related to EIC physics will be discussed
through talks and round table discussions. The program will be
conducted in-person.

School (January 29-February 3, 2024)
Topics of lectures:
on QCD and physics of EIC

ingle spin asymmetries and TMDs (v} Hadron structu
experiments (vi) Heavy ion physics

Workshop (4-9 February, 2024)

Topics to be discussed:

(i) Spin and Nucleon tomography (theory+experiment) :
(ii) Origin of mass (theory+experiment)

(iii) Small x physics and gluons

(iv) EIC & BNL status and Indian participation.

Eligibility criteria for the school : Research scholars working as JR

project or enrolled in a PhD program: post doctoral fellows and junior
faculty members are eligible to apply for the school. PhD students and
JRF/SRFs must ask their supervisors/Pls to send a letter of
recommendation to the email address given below. Topic of research should
be i particle physics/QCD/hadron physics/heavy ion physics.

Eligibility criteria for the workshop : Participation in the workshop is by
invitation only. fill up the registration form to express your interest.
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ELECTRON ION COLLIDER — STUDY QCD AT NEW LEVEL

The next phase diagram

EIC physics @ BNL
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4 important questions - EIC

Center of Mass Energy E_, [GeV] —>

How do quarks and
gluons form nuclei?

How does the proton
get its spin?

How does the proton
get its mass?

What is the nature of
dense gluon matter?
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EPIC @ EIC, BNL [eicioi
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INDIAN LONG RANGE PLAN REPORT

MEGA SCIENCE VISION - 2035 MEGA SEIENCE
NUCLEAR PHYSICS VISIUN . 2035
NUCLEAR PHYSICS
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A roadmap prepared by
the Indian Nuclear Physics Community
with TIFR, Mumbai
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[MEGA SCIENCE

Mega
Science

AT STTHE HE
nstitute for Plasma Research

Funding/

. resources

Drafting group met regularly for last 2.0 years.

» Regular consultations with working group.

Inputs obtained from individual, institutes, facilities,
collaborations.

4000+ scientific members from across various areas
contacted for inputs.

National and International expert consultation.
Consulted STIP document, Vision 2014 & LR-US-Eur.
Professional editing work by Chandani Palshetkar.
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INITIAL INPUTS

Institute for Plasma Research
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COMMUNITY INPUT EXERCISE

Office of the Principal Scientific Adviser

@ to the Government of India Home

'Mega Science Vision 2035 - Nuclear
Physics'

by PSA Content Desk

Mega Science Vision 2035 - Nuclear Physics

Invitation for Comments on the Draft Mega Science Vision-2035 - Nuclear Physics (Draft MSV-2035-NP) Report

Last date to submit feedback: 15th December, 2021

Community response

About v What we do v Technology Frontiers v Resourcesv Q

You may be
interested in

Crinmm~n Tarhnalam ~and

overall enthusiastic.

“* 4000+ scientific
members from across
various areas were
contacted for inputs.

“ About 60 written
detailed comments
recetved.

* Those were discussed
point-by-point and
several suggestions
incorporated.
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TATIONS

. ‘ gt '_f*/ &

% Feedback taken via a dedicated
online meeting.

| “ Additionally, 9 very detailed

,.~ written feedbacks were received.

— % Point-by-point the comments

were discussed and several

suggestions incorporated.

Experts were very positive about the draft report.
SWOT (strengths, weaknesses, opportunities, and threats)
analysis was noted. 8/34



INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

SCIENCE QUESTIONS (2 out of the 14 questions listed)

How do the strong interactions amongst the quarks and
gluons inside the nucleons result in confinement and
collectively result in their properties such as mass and
spin?

How does a nucleus look in terms of its partonic
content? Do nucleons and nuclei, viewed at near-light
speed, behave as gluonic matter with universal
properties?




INDIAN LONG RANGE PLAN DOCUMENT

AND EIC RECOMMENDATIONS ON MEGA PROJECTS

RECOMMENDATIONS FOR QCD

The study of the emergent properties of QCD matter is one of the most compelling science
problems in nuclear physics. It includes mapping the phase diagram of the QCD matter,
measuring the properties of the QCD matter subjected to extreme conditions of temperature,
pressure, baryon density, electromagnetic fields and angular momentum, finding out the
partonic content of a nucleus and the fundamental mechanisms behind the properties of
nucleons, such as its mass and spin.

We recommend continued participation in heavy-ion programs at LHC, RHIC and FAIR, the
collision energies 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, we also recommend participation in the upcoming
Electron-Ion Collider experiments to address the fundamental questions in nuclear physics.




INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

Features in : SCIENCE GOALS OF NUCLEAR PHYSICS IN THE NEXT
DECADE

The conjectured QCD landscape showing the resolving power of the probe
(increasing upward) vs. energy (increasing toward the right), as a function

of the atomic number of the nucleus being probed.
11/34



INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

Features in NUCLEAR AND PLASMA PHYSICS FACILITIES

Facility Features Experiments Science Users

EIC Will be commissioned around | Separate Precisely image gluons | Multi-
2032.Highly polarized (~ 70%) | detectors at two |in nucleons and nuclei. |institute and
electron and nucleon beams. different Understand the origin | multi-country
Ion beams from deuteron to interaction of the nucleon spin and | collaboration.
the heaviest nuclei (U or Pb). regions are explore a new QCD Collaboration
Variable center-of-mass expected. frontier of ultra-dense is in the
energies from Vss ~ 20 to 100 gluon fields, with the formation
GeV, upgradable to ~140 GeV. potential to discover a | stage.

High collision luminosity of L
~1033-34 o2 §°1

new form of gluon
matter predicted to be
common to all nuclei.




INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

Efforts from theory side features in the section on THEORETICAL NUCLEAR PHYSICS

Emergence of mass and spin: The investigation of the emergence of mass and spin in all visible
composite matter is of utmost importance in our understanding of nature. Lattice QCD methods
provide a unique tool to study it from first principles with controlled systematics. Lattice QCD
methods can already calculate the nucleon mass with an accuracy at a percent level. However, it
is still intriguing how the collective interactions of tiny quarks and gluons emerge into a massive
hadron. It is of fundamental interest to find how the mass of a composite subatomic particle,
through the dynamics of strong interactions, decomposes into various parts, namely contributions
from the quark condensate, the quark energy, the gluon field energy and the trace anomaly.
Similarly, one can also study the emergence of spin of a composite particle from a combination of
various parts, namely, quark spin contribution, gluon angular momentum contribution and the
orbital motion of quarks.
The vibrant theoretical community in India has made remarkable advances in studying the motion
of the confined partons in the fast-moving nucleon and the transverse momentum-dependent
distributions (TMDs) of partons. These give the distribution of the quarks and gluons inside a
nucleon in the 3D momentum space. There also is evidence of correlations between the parton
momentum and spin, and the origin of such correlations are yet to be understood.

13/34




INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

Features in CURRENT AND PLANNED MEGA PROJECTS AND FACILITIES

INDIAN PARTICIPATION:

Although the realization of the EIC is expected to evolve over time, Indian participation at
this early stage is highly desirable for the following reasons:

(i The participation in EIC will enable us to continue our pursuit in nuclear science research
through the quest for understanding the unique gluon-dominated nature of visible matter in
the Universe. The Indian research program should not miss on this fundamental quest of
hadron physics.

(ii) The EIC requirements will push the accelerator and detector designs to the limits of
current technology. The detector designing concepts contain assessments of the current state
of the art in technologies, services, mechanical support and other components. It can
therefore provide enormous platform for training the younger generation to be skilled
scientists, engineers and technicians in cutting-edge technology that can have later societal
applications in terms of application in medical sciences, indigenous development of
technology, energy, etc.

(iii) It will inspire and attract new generations of young talented people in the pursuit of

careers in science and technology 14/34




INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

Already lays down the goals for Indian Scientists in EIC

There are three primary goals for the Indian scientists that are relevant to their participation in the
EIC program:

1. To participate and contribute to the physics program of EIC. As the physics program would offer
answers to a number of key questions in hadron physics, the long-term plan of Indian groups
should be to focus primarily on the following studies:

Global properties and parton structure of hadrons

Multi-dimensional imaging of nuclei, nucleons and mesons

QCD at gluon saturation densities

Color charge in QCD matter

Sowe

2. To participate and contribute to detector research and development
A. Silicon tracking and vertex system and ToF detector

B. Particle identification detector:

C. Participation and contribution to EIC software developments

3. Computational Resources — Both Lattice QCD and experiments




INDIAN LONG RANGE PLAN DOCUMENT
AND EIC

STRENGTHS:

1 Large pool of young physicists, engineers and technicians with international expertise in
data analysis and detector developments

1 Active and effective participation in RHIC and LHC experiments with significant
contribution in data analysis, software development etc.

[1 Successful development and installation of detectors in STAR and ALICE experiment

1 Excellent collaboration between experimental and theoretical high energy communities.
1 Availability of high-end computing facilities

SWQOT analysis

OPPORTUNITIES:

[ Continue to participate and contribute to fundamental physics

[1 Attract and inspire the next generation to pursue research in basic sciences
[1 Develop a pool of highly skilled scientific and technical manpower

1 Excellent opportunity to become world leaders in hadron physics

] Create job/fellowship opportunities for young researchers beyond 2030



INDIAN LONG RANGE PLAN DOCUMENT

AND EIC

Tentative funding projections

PROJECT 2020-2025 2025-2030 2030-2035
EIC FTE Funding in FTE Funding in |FTE Funding in
Scientists | Rs. Cr per Scientists Rs. Cr per | Scientists Rs. Cr per
year (USD year (USD year (USD
per year) per year) per year)
45 10 (USD 1.2 {90 25 (USD 3 |130 30 (3.6
Million) Million ) Million
USD)
Total in 5 Rs. 50 Crs Rs. 125 Crs Rs. 150 Crs
years (6.0 Million (15 Million (18 Million
USD) USD) USD)

Funding includes — Salary for human resources, travel, machinery and equipment and supplies & materials




INDIA GROUP EXPERIENCE — EXPERIMENT

(SELECTED)
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First observation of Collective
Flow at CERN SPS: Phys. Lett.
B403 (1997) 390

Nucl.Instrum.Meth.A
372 (1996) 143-159
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Search for disoriented chiral i\fgzl.angs;guné.gﬂgeihig
condemsates: Phys.Rev.C64 (1999) 395-
(2001) 011901 18/34




INDIA GROUP EXPERIENCE — EXPERIMENT

PHYSICAL REVIEW LETTERS

(SELECTED)

STAR — RHIC BNL

Highlights ~ Recent  Accepted  Collections  Authors  Referees  Search  Press

Nonmonotonic Energy Dependence of Net-Proton Number

Photon multlphclty detector
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Search for the QCD

Observation of a
novel longitudinal
scaling

Highlights ~ Recent  Accepted  Collections  Authors

PHYSICAL REVIEW LETTERS

Referees  Search  Press  About

Multiplicity and Pseudorapidity Distributions of Photons in Au + Au
Collisions at /sy = 62.4 GeV

1. Adams et gl (STAR Collaboratian)
Phys. Rev. Lett. 95, 062301 — Published 5 August 2005

Critical Point and
Phase Diagram
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INDIA GROUP EXPERIENCE — EXPERIMENT

(SELECTED)

ALICE — LHC CERN
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Physics Letters B

.

Evidence of Spin-Orbital Angular Momentum
Interactions in Relativistic Heavy-lon
Collisions

The measured spin alignment of vector mesons in heavy-ion collisions
is consistent with that expected from the spin-orbit coupling of quarks
with the large angular momentum of the collision.

S. Acharya et al. (The ALICE Collaboration)

Phys. Rev. Lett. 125, 012301 (2020)

Nucl.Instrum.Meth.A 488 (2002) 131-143

Evidence of rescattering effect in Pb-Pb collisions at the LHC through n
production of K*(892 )® and #(1020) mesons s

ALICE Collaboration*
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INDIA GROUP EXPERIENCE — EXPERIMENT
(s E LE CTE D) OTHER EXPERIMENTAL PROJECTS

CBM — FAIR, GSI
CMS, LHC, CERN

A Totally Hermetic
. Electron Nucleus Apparatus »
~ proposed for IP6 at the Electron-lon Colhder ’

BELLE -KEK

The ATHENA Collaboration
December 1, 2021

21/34




INDIA GROUP EXPERIENCE — THEORY (SELECTED)

Group

EIC related work

EIC related publications recent work

Aligarh Muslim
University

Raktim Abir et al.

Small-x physics

Gluon Saturation at high energy
Color Glass Condensate
BK-JIMWLK equations

TMD PDFs

Nucl. Phys. B953 (2020) 114961
Phys. Rev. D99 (2019) 094017
Phys. Rev. D97 (2018) 054009
Phys. Rev. D95 (2017) 074035
Phys. Lett B748 (2015) 467-471

Tata Institute of
Fundamental
Research

Nilmani Mathur
et. al.

Lattice QCD method to calculate:

1. Quark and gluon angular momenta including their orbital
angular momentum components

2. Parton distribution functions, generalized parton
distribution functions as well as various distribution
amplitudes

3. To probe high density regimes of QCD in an effective way.

Physical Review D 62 (11), 114504 (2000) : This is the
first lattice QCD calculation on quark gluon angular
momenta.

Indian Institute of
Technology
Bombay

Asmita Mukherjee
et al.

Single Spin Asymmetry for J/W and jet production at EIC
Can help to understand the gluon Sivers function

Theoretical estimate of asymmetry in NRQCD including Color
singlet and Color octet contributions

Maximal asymmetry by maximizing Sivers function saturating
the positivity bound

R. Kishore, A. Mukherjee, S. Rajesh; PRD 101 (2020), 5
054003

Indian Institute of
Technology Delhi

Tobias Toll et al.

Small-x physics, Gluon Saturation at high energies.
Exclusive diffraction with Sartre, Measuring the spatial gluon
distribution with Sartre

Direct probe for virtual particles

B. Sambasivam, T. Toll, T. Ullrich; Phys.Lett.B 803
(2020) 135277

S. Anand, T. Toll; Phys.Rev.C 100 (2019) 2, 024901
T. Toll, T. Ullrich; Comput.Phys.Commun. 185 (2014)
1835-1853

T. Toll, T. Ullrich; Phys.Rev.C 87 (2013) 2, 024913




INDIA GROUP EXPERIENCE — THEORY (SELECTED)

Single Spin Asymmetry for

J/W and jet production at EIC
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FIG. 2: (color online) Maximized Sivers asymmetry in e + p' — J/i + jet + X process as a function of gL at EIC /5 = 45
GeV. The Sivers function is saturated by adopting Ny(z) = 1 and p = 2/3 for the parametrization of Sivers function given in
Eq.(16). Left panel: for gluon and quark (antiquark) initiated subprocesses contribution to the asymmetry. Right panel: for

different CS and CO states contribution to the maximum asymmetry.

Quark orbital angular Spin-flip gluon GTMD
momentum from lattice F, , at small-x
QCD
TABLE I. The breakdown of quark angular momentum.
J Iy L Analytically solved
! 2 ! the small-x
u+d(CI) 0.44(7) 0.31(4) 0.13(7) evolution equation
uld(DI) —0.047(12)  —0.062(6)  0.015(12) f Ll
s —0.047(12)  —0.058(6)  0.011(12) or Spin-1ip
u+d+s(DI) —0.14(4) —0.18(3) 0.041(36) Gluon GTMD. S.
Total 0.30(7) 0.13(6) 0.17(6) Agrawal, N. Vasim,

R. Abhir arXiv:
2312.04132

NRQCD framework

Help understand the gluon Sivers
function

R. Kishore, A. Mukherjee, S. Rajesh
PRD 101 (2020), 5 054003

>

Quark orbital angular momentum ~
34% of the proton spin; predict gluon
angular momentum is ~ 40% of the
proton spin. N. Mathur et al., PRD 62
(2000) 114504




INDIAN EIC-THEORY GROUP PART OF THEORY ALLIANCE

[Submitted on 23 May 2023]
The case for an EIC Theory Alliance: Theoretical Challenges of the EIC
Raktim Abir, Igor Akushevich, Tolga Altinoluk, Daniele Paolo Anderle, Fatma P. Aslan, Alessandro Bacchetta, Baha Balantekin, Joao Barata,

Marco Battaglieri, Carlos A. Bertulani, Guillaume Beuf, Chiara Bissolotti, Daniél Boer, M. Boglione, Radja Boughezal, Eric Braaten, Nora
Brambilla, Vladimir Braun, Duane Byer, Francesco Giovanni Celiberto, Yang-Ting Chien, lan C. Cloét, Martha Constantinou, Wim Cosyn,

Aurore Courtoy, Alexander Czajka, Umberto D'Alesio, Giuseppe Bozzi, Igor Danilkin, Debasish Das, Daniel de Florian, Andrea Delgado, J. P.

B. C. de Melo, William Detmold, Michael Déring, Adrian Dumitru, Miguel G. Echevarria, Robert Edwards, Gernot Eichmann, Bruno El-
Bennich, Michael Engelhardt, Cesar Fernandez-Ramirez, Christian Fischer, Geofrey Fox, Adam Freese, Leonard Gamberg, Maria Vittoria
Garzelli, Francesco Giacosa, Gustavo Gil da Silveira, Derek Glazier, Victor P. Goncalves, Silas Grossberndt, Feng-Kun Guo, Rajan Gupta,
Yoshitaka Hatta, Martin Hentschinski, Astrid Hiller Blin, Radja Boughezal, Timothy Hobbs, Alexander llyichev, Jamal Jalilian-Marian,
Chueng-Ryong Ji, Shuo Jia, Zhong-Bo Kang, Bishnu Karki, Weiyao Ke, Vladimir Khachatryan, Dmitri Kharzeev, Spencer R. Klein, Vladimir
Korepin, Yuri Kovchegov, Brandon Kriesten, Shunzo Kumano, Wai Kin Lai, Richard Lebed, Christopher Lee, Kyle Lee, Hai Tao Li, Jifeng Liao,
Huey-Wen Lin, Keh-Fei Liu, Simonetta Liuti, Cédric Lorcé, Magno V. T. Machado, Heikki Mantysaari, Vincent Mathieu, Nilmani Mathur,
Yacine Mehtar-Tani, Wally Melnitchouk, Emanuele Mereghetti, Andreas Metz, Johannes K.L. Michel, Gerald Miller, Hamlet Mkrtchyan,
Asmita Mukherjee, Swagato Mukherjee, Piet Mulders, Stéphane Munier, Francesco Murgia, P. M. Nadolsky et al. (71 additional authors not
shown)

We outline the physics opportunities provided by the Electron lon Collider (EIC). These include the study of the parton structure of the nucleon and nuclei,
the onset of gluon saturation, the production of jets and heavy flavor, hadron spectroscopy and tests of fundamental symmetries. We review the present
status and future challenges in EIC theory that have to be addressed in order to realize this ambitious and impactful physics program, including how to
engage a diverse and inclusive workforce. In order to address these many-fold challenges, we propose a coordinated effort involving theory groups with
differing expertise is needed. We discuss the scientific goals and scope of such an EIC Theory Alliance.

Comments: 44 pages, ReVTeX, White Paper on EIC Theory Alliance
Subjects: High Energy Physics - Phenomenology (hep-ph); High Energy Physics - Experiment (hep-ex)
Cite as: arXiv:2305.14572 [hep-ph]
(or arXiv:2305.14572v1 [hep-ph] for this version)
https://doi.org/10.48550/arXiv.2305.14572 0

Department of Physics, Aligarh
Muslim University, Aligarh
(U.P.)-202002, India

Saha Institute of Nuclear
Physics, A CI of Homi Bhabha
National Institute, 1/AF, Bidhan
Nagar, Kolkata 700064, India
Department of Theoretical
Physics, Tata Institute of
Fundamental Research, Homi
Bhabha Road, Mumbai 400005,
India

Department of Physics, Indian
Institute of Technology Bombay,
Powai, Mumbai 400076, India
Department of Physics, Indian
Institute of Technology Delhi,
India




INDIAN DETAIL PROJECT REPORT - EPIC

Depends on expertise, facility, synergy with existing experiments and Indian industry

CURRENTLY EXPERTISE AND FACILITY WITH CURRENT LINKS WITH INDUSTRY
HARDWARE AVAILABLE WITH PARTNERS (SELECTED)
 National Institute of Science Education and = .

Research _j-mﬁmm
» Institute of Physics B AT EEECAREINIES
 Jammu University
 Banaras Hindu University :

: . Semi-Conductor Laborato

* Central University of Karnataka (DAQ) SC L sy oeteglcesionr

(In near future )

« Indian Institute of Science Education and
Research Mohali* m p Micropack Private Limited

 Delhi University*

 Indian Institute of Science Education and
Research, Tirupati
* Indian Institute of Technology Bombay 25/34




NISER SOME EXISTING FACILITIES  ecieing st

Gas Mixture System NIM and VME Electronics Clean Room ISO-5, 200 sqft
With X-ray irradiation facility

s Gas-mixer unit for gaseous
ionization
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SYNERGY WITH HARDWARE EFFORTS IN
EXISTING EXPERIMENTS (SELECTED)

ALICE3 RICH ALICE FOCAL MUON DETECTION

r AAMIIINA S 0 0 .0 (ALICE3/CBM)
‘)' v [rmmmﬂ
et i

. |
I e Y

o'/ v aril]

Identify hadrons (e, 7, K, p) in

I
I
| :
reliminary test beam res Week, October 16-20, 2023
O<n<2:
*

« w/euptop = 2.0 GelV/c

eeeeeee
radiator

Absorber

Muon chambers

ults by N. Nic:

_TOF
Tracker

e k/muptop = 10.0 GeV/c
« p/muptop =16.0 GeV/c
« Time resolution 1ns - 50 ps « MuonID is 100% efficient
«  Custom production of in pr > 1.5 GeV/c,

SiPMs. ; ecti

: * pion and kaon rejection

* Angular resolution ~ 15 factors of 50-100.

mrad

. Refractive Index: n~1.03 * SiPM based readouts

Aerogel (hydrophobic)
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EPIC DETECTOR SYSTEM

OW34d ‘

Hadrons ==

4 E|ectrons

MYOHAN

N

5.34

Tracking:

New 1.7T solenoid
Si MAPS Tracker
MPGDs ([IRWELL/[1Megas)

PID:

«  hpDIRC

« mRICH/pfRICH

« dRICH

« AC-LGAD (~30ps TOF)
m
Calorimetry:

SciGlass/Imaging Barrel
EMCal

PbWO4 EMCal in

backward direction

Finely segmented EMCal
+HCal in forward direction
Outer HCal (sPHENIX re-use)

Backwards HCal (tail-catcher)
28/34




1.

4.

INDIAN GROUP DETAIL PROJECT REPORT

Particle identification - Dual-radiator RICH - Aerogel + SiPM

SCopes

Aerogel characterization

I.

II.
III.
IV.

Study of refractive index uniformity
Transmittance, reflectance
Raleigh scattering in UV domain, chromaticity,

Aging effects due to water absorption: difference in response
between different size and thickness of aerogel blocks

SiPM characterizations

I.
II.

III.

PDE (normal value ~ 40%)
Dark count Suppression

Timing studies

Technical studies

L.
II.

III.

Design aspects of the gas tight vessel
Integration in the existing detector, routing of service lines etc

Integration with radiator

Simulation studies

Typical aerogel characterization set-up

Lalmp Entrance Slit of the Monochromator

PS for _‘O’_ _
thelight | Light (Photons)
source o\ -
/_ 1] z Beam Splltr'u_ar'i oA Meter
il to
= of— | measure
) __Y i /hV J”.L phatocurr
Gratmg Sample with X- ent
motor ——s = = hy Ymovements | Measurement
Control Input: photons 4 ' Photodiode/PMT
Opticaltable
Monochromator Light Output: Transparency values
Condenser/ NIST Calibrated Photocurrent along Z-axis
. Ref
Focusmg box Photodiode/PMT
= Output: . pA Meter to
Slit Monochromati
Light measure
¢ photocurrent

Transparency is the ratio of photocurrents with and without the object between the beam
splitter and measurement detector ratio.

{Uy = Iupc)/ (Ires — IRefDC)}With 0bj
Transparency =

X 100%
{(IM - IMDC)/(IRef - IRefDC)}Wo 0bj 0
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INDIAN GROUP DETAIL PROJECT REPORT

Zero degree Calorimeter (ZDC) — Silicon pads and SiPMs
ePIC plans Si-pad detectors @ BEL and tested

The ZDC is planned to detect neutrons as well as photons in
the far forward region with the energy range from 100 MeV
to 40 GeV. The proposed ZDC design is a composition of four
different calorimeter types starting with crystal (PbWO, /
LYSO) calorimeter, Sampling calorimeter based on an

at NISER and CERN PS 2023

(72} T T T
€ 6000f —— With Sr-90 source

3 5000
4000
3000
2000
1000

— Without source

alternating layer of Tungsten and Silicon and then Lead (Pb) o
and scintillating fiber (instrumented using SiPM) based I LA '
calorimeter (Hadron calorimeter or HCAL). In the ZDC guf A i
sampling calorimeter, it is proposed to use p-type Si pad * . ko
array (8 x 9 or 8 x 8) with each pad size of (1 x 1 cm?). 0 J R

Number of pads in a cluster
~
>

1= ~= Gamma distibution fit {

oA A 3GeV electron

] P
0 2 4 6 8 10
Radiation length
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INDIAN GROUP DETAIL PROJECT REPORT

What is available in Indian industry — willing to do further R&D

S1PM

Sr. | Parameter (targeted by Specifications
No | design) BARC/SCL scL BEL
1 | Effective active area 1.5 & 3 mm? 1.5 mm? 3.3 mm?
2 Micro-cell count 676 & 2704 1156 4836
3 | Micro-cell size 50 pm? 35 um?

Miero-cell fill factor 20% & 75% 61% 55%
5 Capacitance 1000 pF ~100pF/cell and

(Cathode - anode) (500 pF @25.5V)
6 Recharge time constant 120 ns—-150 ns -
7 | Spectral response range 350 nm — 900 nm
8 Peak sensitivity wavelength ~ 300 nm ~ 3510 nm 420-450 nm
9 Photon detection efficiency -
10 | Breakdown voltage (Vgp) Y 15v-21v pLAY
11 | Overvoltage range (OV) 2V-3V v 2V-5V
12 | Dark count rate ~500 kHz 20 Hz/ pm? -

(@Vsp+20Vand| atlVOV
05pe. th
13 | Gain 2x 106 ~105-108 ~52x10°
@ Vep+1V @Vep#2V
14 | Vpr temp. coefficient 200 mV/eC, 15.0 mV/eC =
15 | Package type LCC*16.20 pin | TO-8/6 pin OnPCB
16 | Package dimension ~3.5 mm?
17 | Dark current <3 pAJem? @ 20V| <10 gA/em? -
18 | Quenching resistor (Rq) 300-500 kQ Rea=66kQand
Ra=~32MQ
19 | Cross-talk <5% -
@Vept2.0V
*Lead-Less Chip Carriers (LCC)

Technical Specifications of SIPM -

Bhabha Atomic Research Center (BARC), Mumbai
o Not to scale
~

BARC/SCL
(epi., p-type)

SCL sample
(epi., p-type)

Without cap

Not to scale

BEL sample:
(Non-epi, n-type)

Typical SiPM characterization set-up

. Cryogenic
Pulsed Laser Trigger Chal:nber
. Beam Splitter  _ _ forsiPM
XL | R I
..\-. - » T
7 | |
Wavelength ] A L
Filter Focusing Optics SiPM +
CITIROC
NIST Calibrated
Trigger Ref Photodiode
st 1
ph — g Calibrationysr
ppE = Nsem  AnisT [ eter
Nyist Asipm Optical Table

-
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INDIAN GROUP DETAIL PROJECT REPORT

(PRELIMINARY IDEAS)

Time of Flight - AC-LGAD

Possible contributions to DAQ

* Focal like pad design: Develop LGAD and SiPM in India

« LGAD - slight modification in Si diode

o Work with BEL Bangalore (6” wafer), and SCL Mohali
(8” wafers, 180 nm process)

* Simulations using

o TCAD (Process and Geometry), MC (Garfield++ and
Allpix?) on monolithic detectors with gain as LGAD

* LGADs require dedicated ASIC

SiPM produced on 6”
wafers at SITAR, India

Si diode vs. LGAD

> s
{/ ' LGAD + ASIC

p bulk 2 Sensor
p+ gain layer
p#ﬁ'
— ASIC

Traditional silicon diode Low Gain Avalanche Diode

Fig. 1 Fabricated wafer showing SiPMs

DAQ system will read digitized data containing
spatial, temporal or charge information from a
range of sub detector systems. The streaming
readout technique, suppression of noise caused by
dark currents from SiPM, as well as data reduction
to write all collision data on tape, are the main
challenges foreseen in DAQ design. Data
reduction, employing machine learning methods
iImplemented on a FPGA, for example, offers
significant scope for R & D.

Indian group can also contribute In the
implementation of software for various operations
throughout the DAQ chain, including slow
controls.




SUGGESTIONS FROM EPIC MANAGEMENT

8M Tower

(1) NISER 1s A MEMBER OF THE DRICH DSC, SO THIS IS CERTAINLY WELCOME

W-powder /
Scintillating Fiber | g
(WScFi) technology | ™

for the default p—

Composite

choice of pECal. (e

(2) BECOME ONE OF THE TWO PRODUCTION LINES FOR
THE FORWARD EM CALORIMETER. PART OF EIC-ASIA IN
COLLABORATION WITH CHINA/FUDAN COLLEAGUES

M Tower

(3) TAKE PART IN MODULE ASSEMBLY AND TESTING OF
FORWARD AC-LGAD DETECTOR. PART OF EIC-ASIA IN i
COLLABORATION WITH TAIWAN COLLEAGUES —

AM Tower

5.0m

1

/
hpDIRC

‘Backward Forwerd @scs
L Y
AC-LGAD I S bar =
AcLaro:

(4) LEAD THE INFRASTRUCTURE HOW TO INTEGRATE
THE REFERENCE TIME T, OF THE AC-LGAD IN THE
STREAMING READOUT MODEL. T, IS CRITICAL FOR THE

STREAMING READOUT ASSUMPTION lN EP[C = DAQ Hadrons = <« Electrons 33/34



SUMMARY

Strong community support for Indian groups being part of EIC
EIC features prominently in several places of Indian long range plan document — MSV-NP 2035
Indian experimental groups (20+2) and theory groups (4) have scientific interest and expertise in the physics of EIC

Based on science interest, expertise, facilities and Indian industry, Indian groups formulating a DPR with following

potential contribution areas to ePIC

- RICH

- ZDC Forward EMCal
- SiPMs

- TOF (AC-LGAD*) Forward

- Physics and detector simulations

- Data Acquisition
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