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Studying emergent properties of strong interactions (QCD) using relativistic heavy-ion collisions

| Sy verse The Phases of QCD
£ LHC Experiments
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e Femto scale in time
and
* Femto scale in size
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Time: 0 fm/c <1 fm/c ~10 fm/c ~10'% fm/c
Critical Point
* QCD transitions: De-confinement & Chiral Symmetry restoration Hadron Gas EUinere ot ictor
 Deconfined state of quarks and gluons - Quark Gluon Plasma (QGP)
* Properties of QGP: viscosity, opacity, diffusion coefficient, Matter ~_ Neutron Stars
conductivity, polarization and vorticity. B
* Phase diagram of QCD - Thermalization, two phases, Crossover, first Baryon Chemical Potential
order and critical point. US Long range plan
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Indian
Participation
@CERN and ALIC9
BNL

270,000 channels
Major contributions
e Detectors and Electronics
e Physics analysis
e Theory
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Photon multiplicity measurements: From
SPS to RHIC and LHC, Pramana 60 (2003)
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Growing with time

~ 120-150 experimental
users at CERN
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Relativistic Heavy-Ion Collisions and Temperature Scales

J. D. Bjorken Physical Review D 27 (1983) 140
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https://cerncourier.com/a/alice-on-the-trail-of-a-new-state-of-matter/

Critical Temperature for QGP formation ~ 155 MeV

Universe:

QCD Phase Transition: T ~ 200 MeV
Electroweak Phase Transition: T ~ 150 GeV
GUT phase Transition: T ~ 1016 GeV
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Quark Gluon Plasma

Colour degrees of freedom essential to understand the measurements

Partonic Collectivity
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 Relevant degrees of freedom : Quarks and Gluons.
e Collectivity present.
 Debye screening effect observed.

We have Quark-Gluon Plasma formed in the laboratory
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Properties

of Quark Gluon Plasma

Shear viscosity
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Status on the Phase Diagram of QCD

Nature 443 (2006) 675-678
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Selected Physics Results (Indian theory groups)
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Future plans # 1

Electron Ion Collider at BNL - 2032
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Future plans # 2
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Electron Ion Collider
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First-ever accelerator to yield
collisions of electrons and
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First-ever accelerator to yield
collisions of electrons and
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Quark-Gluon Plasma

QCD: Recommendations

: L _g!,.ture
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The study of the emergent properties of QCD matter is ﬁ__}'_—,.‘(_:dl.lid'é'r = e

Temperature T (MeV)

one of the most compelling science problems in nuclear -
physics. It includes mapping the phase diagram of the Baryonic Chemical Potential 1 (MeV)

QCD matter, measuring the properties of the QCD What are the phase structures

matter subjected to extreme conditions of temperature, of Quantum Chromodynamic : :
(QCD) matter? How do the strong interactions amongst quarks and

gluons inside the nucleons result in confinement and

angular momentum, finding out the partonic content of _ = collectively result in their properties such as mass
' and spin?

pressure, baryon density, electromagnetic fields and

a nucleus and the fundamental mechanisms behind

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

VR i ziaeAcontinued participation in heavy-ion
programs at LHC, RHIC and FAIRRRiNee Sl iR=AI=Iae 12N
of which, only when taken together, [elllo)VsRie R Te) 2 Q"1

QCD phase diagram. \UOIERIIACBM experimenRate)

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 1lesgeIPeig}

Ol ol gul=pRyto address the fundamental

questions in nuclear physics. 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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Full list in the document

Gladstone Engineering
Industries, Kolkata

Micropack Private
Limited, Bengaluru

Hi_Q Electronics Pvt.
Ltd., Bengaluru

SCL-ISRO, Chandigarh

Shogini Technoarts,
Pune

Graphite India Ltd.,
Bangalore

BEL, Bangalore

Focustech Ltd.,
Gurgaon

Steel Authority of
India, Ranchi

FlexTech Ltd.,
Hyderabad

Magnacon Pvt. Ltd,,
Kolkata

Narendra & Narendra,
Howrah

IGTR, Indore

Avasarala Industries,
Bengaluru

Fabrication of honeycomb structures for
Photon Multiplicity Detector (PMD) modules

Readout Printed Circuit Boards (PCB) for
PMD, GEM foil

Readout PCBs for muon station

Fabrication of MANAS ASIC

Readout PCB

Fabrication and supply of a high-density
graphite component of the front absorber of
the ALICE muon system

Silicon sensors, Si-preshower

CROCUS assembly

Fabrication and supply of non-magnetic
stainless-steel ingot for the front absorber of
ALICE muon system.

Fabrication of rigid and flexible PCBs for the
Muon chambers of the 2nd tracking station

Machining of PEEK GF- 30 for the frames of
the muon chambers

Machining of stainless-steel ingots

Accelerator Equipment

Accelerator equipment

Industry participation MSP

ALICE and
STAR

ALICE and
CMS

ALICE

ALICE

ALICE

ALICE

ALICE and
CMS

ALICE

ALICE

ALICE

ALICE

ALICE

CERN

Accelerator

CERN
Accelerator

Cost-efficient product for a multi-
channel detector

New capacity for MPGDs and PCB
for multichannel detectors

Cost-effective PCBs for gas-based
detectors

New capacity developed for frond end
electronics

Cost-effective PCBs

High quality product of international
standards

Capacity building in silicon detector
technology

New product line created

High quality product of international
standards

High quality and cost-efficient
product

High precision techniques

New product line developed
High quality products of international
standards

High quality products of international
standards

Source; Suman Sarkar, ILO

500 metal bellow expansion
Joints for hydraulic circuits -
HL-LHC superconducting
magnets - Metallic Bellows,
Chennai

Modular Clean Room @ CERN Cadillac, Kolkata

SPSACTMCO0300 Elbow with Flange for
SPS Cavities - M/s IDEMI, Mumbai

Examples of
Items supplied by
Indian Industry CEBRNwebsites- Singsus, Lucknoyg

Cryogenic tank for liquid argon
storage - INOX, Vadodara

7 7
0’0 0’0

L)

0

>

0

Allow industry to directly be part of the MSPs.

Foster industry-institute collaboration by granting the involved industry the
rights to use the results of the research at the project-end.

Develop avenues for undergraduate students, Ph.D. scholars and
postdoctoral fellows to gain experience by working in an industrial setting.
Provide support for a supplement to an existing grant for high-risk/high-gain
research in order to develop a generic technology.




Common proposals (for MSV-WGs)

Computing

e Multiple data
centres

e Peta Flop Level
Machines

e Enhancement
of Grid
Computing
infrastructure

Bedanga Mohanty, NISER

National Detector
Development and
Training Centre

Centre for R&D

Collaboration
with industry

Remove a crucial

bottle neck on
hardware sector

Seed for setting
up mega
experiments in
India

New PG programs Outreach

 Related to Mega
Science
Programs (e.g
Accelerator
Physics, Medical
Physics)

e Train required
human resources

International Particle
Physics Outreach Group
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Timeline

Prog,/
year
STAR

FAIR

[2021 | 2022 |2023 | 2024 |2025 |2026 |2027 | 2028 |2029 |2030 |2031 | 2032 | 2033 | 2034 | 2035

Data available for physics analysis

Next generation heavy-ion experiment (ALICE 3)

ElC

INGA

ITER-
India

ELI-NP
Tin.Tin

ISMRAN

Projects nicely phase/spaced in time wise.
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Towards a complete test of QCD as a theory

Standard Model &
Origin of Mass Test of QCD, Long distance Test of QCD: Non-perturbative T>0
scales, Non-perturbative & Phase structure of QCD Phase diagram
Quarks regime
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The next phase diagram

Electron Ion Collider — study QCD at new level

EIC @ BNL can address the physics

AQ . A

< Imaging .
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= Q ey ®
2 53 O 3 Landscape of Parton Densities- 1 fé —
a Pomerons? 10 the Nucleus Saturation
§ hadrons Regge trajectories? 4
>
Vx Parton Density
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0 40 80 120 1>0

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?

Bedanga Mohanty, NISER

ICTS Bangalore, 14-17 November 2022

What is the nature of
dense gluon matter?
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HORIZONS IN ACCELERATORS,

PARTICLE/NUCLEAR PHYSICS AND

LABORATORY-BASED QUANTUM MEGA SCIENCE
SENSORS FOR HEP/NP V|5|[|N - 2[]35

The ALICE experiment: NUCLEAR PHYSICS
A journey through QCD

Local Organizing

A ROADMAP PREPARED BY THE INDIAN NUCLEAR
PHYSICS COMMUNITY

Application Deadline
12 October 2022

14 -17 November
2022

Chandrasekhar Auditorium

e-Print: 2211.04384 [nucl-ex]
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