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B U I 'eti n for the CERN Community

Bikash Sinha (1945 - 2023)

21 NOVEMBER, 2023

While Bikash’s passing leaves an undeniable
void, his legacy is a vibrant and thriving team,
primed to continue his journey. We will always
remember him for his charismatic personality,
great kindness, openness and generosity. We
honour his memory and, with our deepest
condolences, extend our sympathy to his
family.

Bikash Sinha at CERN

Bikash Sinha, influential Indian scientist and pioneer in quark-gluon plasma and the early Universe, passed
away on 11 August at the age of 78. As one of the ALICE experiment’s early visionaries and architects, his impact
on heavy-ion physics is unmistakable.

https://home.cern/news/obituary/physics/bikash-sinha-1945-2023
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An Indian dream come true

13 March 2008

In the 1970s, India was still a spectator in the world theatre of high science. Individuals who
migrated to other parts of the world sometimes excelled. In India, people were proud of them
but remained convinced that such feats could not be accomplished back home. In the 1980s,
however, there was a major paradigm shift in our mind set. We began to dream of competing

with the world from India.

By the beginning of the 21st century, India was no longer a spectator but a significant player on
the world stage. The glamour of individual excellence had been replaced by the wisdom of

collective effort. We had turned mature and ambitious. What | have presented is a chronicle of
that evolution. | am proud and grateful to be a witness and indeed a participant in this evolving

panorama.

https://cerncourier.com/a/viewpoint-an-indian-dream-come-true/
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An Indian dream come true

13 March 2008

March 2008

Development of large-scale physics experiments in India:

VECC room temperature cyclotron

VECC superconducting cyclotron

VECC Medical cyclotron

CERN — India collaborations

Joining ALICE at CERN: detectors, electronics, human resource development
ALICE: PMD, Muon Arm, MANAS chip, etc. etc.

STAR at BNL
Joining FAIR

https://cerncourier.com/a/viewpoint-an-indian-dream-come-true/
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Ministry of Science & Technology 29-August, 2012 16:22 IST

National Meet on “India at the Large Hadron Collider”

The Department of Atomic Energy and the Department of Science & Technology, Government of India organized a National Meet on ‘India at LHC’ in which experts
involved in construction of the Large Hadron Collider at CERN, in various experiments and discovery of Higgs Boson interacted with the Scientists, Researchers,
Students, Media and enthusiasts etc. The interaction of experts with audience was very informative. India’s role in CERN with future direction of high energy

experiments was talked. August 2012

* Prof Bikash Sinha, Homi Bhabha Professor, DAE

« Dr. T. Ramasami, Secretary, Department of Science & Technology (DST)

« Dr. R.K. Sinha, Chairman, AEC and Secretary, Department of Atomic Energy (DAE)
* Prof. V.S. Ramamurthy, Director, NIAS, Bangalore

* Dr. R. Chidambaram, Principal Scientific Advisor to Government of India

India becomes Associate Member
State of CERN January 2017

Official notification that India has ratified the Association Agreement with CERN today

Bikash Sinha:

Along the lines of European nations coming together to establish
CERN, he opined that the SAARC countries could also think of jointly
establishing research facilities in this part of the world.




ENHANCED COLLABORATION BETWEEN CERN AND INDIA CERN

On Monday 22 June, Bikash Sinha, Director of the SAHA Institute of Nuclear Bulletin
Physics (SINP) and the Variable Energy Cyclotron Centre (VECC) in Kolkata, India
and Rolf Heuer, CERN Director-General, signed new protocols to the long 20 July 2009

standing agreement between the Indian Atomic Energy Commission and CERN.
This provides a framework for collaboration in low energy nuclear physics
between SAHA and VECC and the ISOLDE experiment at CERN.

This was an important day for
INDIA-CERN relations, which will
certainly lead to many forefront
technical developments and
exciting new scientific results.

SINP and VECC Director Bikash Sinha and CERN Director-General Rolf Heuer
signing the ISOLDE Protocols.



NACROGOSMOS, MICROGOSMOS, ACGELERATOR AND PHILOSOPHY NSkt

CULTURE AND HISTORY | MEETING REPORT

A carnival of ideas in Kolkata CERNCOURIER

5 July 2023 Bikash Sinha VECC Kolkata.

CROCOSMOS, MICROCOSMOS, ACCELERATOR AND PHILOSI

MMAP 2020

.. combined the voyage from the microcosmos of
elementary particles to the macrocosmos of our
universe up to the horizon and beyond with

Time and space Bikash Sinha introducing a talk by Roger Penrose at MMAP 2020, which was held accelerator physics and philosophy through the

R BRI medium of poetry and songs, as inspired by the
A carnival of ideas, a mixture of low- to high-energy Indian poet Rabindranath Tagore and the creative
physics on the one hand and the cosmology of the giant Satyajit Ray.

creation of the universe on the other



Phases of Nuclear Matter

Universal signals of a quark-gluon
plasma

Bikash Sinha
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Abstract

Quark Gluon Plasma

It is shown that the ratio of the production rates (yu™ ™) and (7% ' p™)

from a quark-gluon plasma is independent of the space-time evolution of the
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plasma fireball and thus universal signals of the quark phase.

VOLUME 73, NUMBER 18 PHYSICAL REVIEW LETTERS 31 OCTOBER 1994

Hadron Gas FAIR

Single Photons from S + Au Collisions at the CERN Super Proton Synchrotron
and the Quark-Hadron Phase Transition

Dinesh Kumar Srivastava*
Variable Energy Cyclotron Centre, 1/AF Bidhan Nagar, Calcutta 700 064 India

Bikash Sinha
Variable Energy Cyclotron Centre, 1/AF Bidhan Nagar, Calcutta 700 064 India
and Saha Institute of Nuclear Physics, 1/AF Bidhan Nagar, Calcutta 700 064 India
(Received 29 April 1994)

The preliminary results for the single-photon spectrum obtained by the WASO collaboration are
analyzed. The data are well described by a scenario where a thermalized quark-gluon plasma is formed
initially, which expands, cools, hadronizes, and undergoes a freeze-out. It is also seen that the data do
not seem to favor the scenario where the matter is initially formed in a hot hadronic phase, which cools
and undergoes freeze-out and does not involve a phase transition
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PMD in WA93 Experiment (1990-92)

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

0.1
200A GeV S + Au
08 M ® l:?gxzegz%zzzg ;zagner or
= I_Io VENUS + GEANT
o L +
0.06 - +
LI M 1
L
0.04 - % B i
0.02 -
Scintillator pads with wavelength ol % % %
shifting fibres using image intensif| plaaalosufepelomaibostossiessisasies
0O 01 02 03 04 05 06 0.7 0.8 09 1
CCD camera systems readout Scaled PMD Multiplicity M/ M,,__

8000 pads covering an area of 3m#



PMD in WA98 Experiment at CERN
(data taking: 1993 — 1996)
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Photon MultlpI|C|ty Detector (PMD) Muon Tracklng Chamber ALICE
S — MANAS:

Multiplexed
ANAlog
Signal
Processor

First large-scale production
of ASIC in India
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performs data concentration,

Aveité¥snstruction and multiplexing. rapan Nayak New Upgrade
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Installation Pictures-PMD

Lot

of efforts went in:

YV VYV

Module fabrication

Seasoning and conditioning
Testing

Integration and testing with
electronics and readout
Installation and commissioning
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MANAS Chip
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HISTORY OF THE UNIVERSE A

Dark energy

accelerated
expansion
LHC Cosmic Microwave S"UC'U_'Q
HIC & Background radiation formation
Accelerators HeaVV' is visible

LHC g,
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hadron Phase
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The concept for the above figure originated in a 1986 paper by Michael Turner. PO nlcle DO*O GrOUp, LBNL © 20 ] 5 SUpponed by DOE



Relativistic Heavy-lon Collision final detected

stributions

made by Chun Shen Kinetic

freeze-out
3 Initial energy

density

Hadronization

Chemical
pre- freeze-out
unlubr'uum ; :
ynamics viscous hydrodynamics free streaming
collision evolution i

t~0fm/c T ~1fm/c Tt ~ 10 fm/c t ~ 1019 fm/c

Initial State Fluctuations

Hadronization Measurement

(Spectra,
Fluctuation-Correlation, ....

Thermal Fluctuations



MACROCOSMOS, MICROCOSHOS, ACCELERATOR AND PHILOSOPHY <

MMAP 2020

Thermodynamics
of the 'Little Bang'

12 May 2022

Thermodynamics deals with the study of energy, the
conversion of energy between different forms and the
ability of energy to do work.

Zeroth law of thermodynamics: if two systems are
in thermal_ equilibrium with a third system, then they are in
thermal equilibrium with each other.

First Law of Thermodynamics is the ‘law of conservation of energy’.
Energy can neither be created nor destroyed; it can just be
converted from one form to another.

Second Law of Thermodynamics: The total change in entropy of a
system plus its surroundings will always increase for a spontaneous
process. Entropy is defined as the “measure of disorder or
randomness of a system”.



https://en.wikipedia.org/wiki/Thermal_equilibrium

Applicability of thermodynamics

e

ALICE

S. Basu et al, JPG. 48 025103 (2021)

25000 Pb+Pb Au+Au Cu+Cu
I —m— 2760 GeV —o— 19.6 GeV 4— 22.4 GeV
- —#— 5020 GeV —o— 62.4 GeV 62.4 GeV

20000

15000

— 9. 113
= | Fit2:a 2 (1+prart)
o c B
=5 L
zZ L
10000~
; e o
5000 I
e
- _‘j‘_::::_-.m _.“__J_._.__. ;
r - .-:—0—""."-' - e O
- P St S

LZ VIidy ZUZ<s

ppatl3TeV .

| —»—d+Au200 GeV —® 130GeV —«— 200 GeV

| —v— p+Pb 5020 GeV —@— 200 GeV

- Fit1:aN_ +b

Npan

0 50 100 150 200 250 300 350 400

(N oo ?

Ry (fm)

| (k.)=0.25 GeV/c N
I . o I
E 5T g,'" N E 5r e +
= | N = | oot
% % st
ol® g%
o:i 0_@,3
1 [ ’l‘- 1 o f
n n L 1 1 L s n ] 1
0 5 10 0 5 10
1/3 1/3
(dN_/dn ) (dN_/dn )
—_— —
i + STAR Au-Au |5, = 200 GeV

< STAR Cu-Cu s, = 200 GeV
STAR Au-Au \[5, = 62 GeV
STAR Cu-Cu /s, = 62 GeV
CERES Pb-Au \s,, = 17.2 GeV
ALICE Pb-Pb |5, = 2760 GeV
ALICE pp Vs = 7000 GeV
ALICE pp Vs = 900 GeV

STAR pp Vs =200 GeV

* ALICE p-Pb |/, = 5020 GeV

o m * % o

(dN_/dn )"

Centrality=>

ALICE PRC 101, 044907 (2020)

Pb-Pb at 5.02 TeV

Growth in the number of
produced particles as well as
volume as a function of
centrality and collision energy
(keeping N/V roughly constant)

Success of hydrodynamic
calculations in explaining a
large number of experimental
results



Evidence for the production of thermal systems (l)
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Boltzmann-Gibbs Blast-Wave model:

e Particle production from a thermalized source + a radial flow boost.

* Athermodynamic model with 3 fit parameters: T,,.,, ( B ), and n (velocity

T sinh(p)) X, (mT cosh(p))r dr

R
E— x / mel (P
dp? 0

profile).

d3

The velocity profile p 1s given by

p = tanh~! By = tanh™! [(Iii’) ﬁs],

12 May 2022

Tiin

Tiin

n changes from peripheral to
central (0.7 to 2.4 and is the
source of radial flow
fluctuation

Evolution of Kinetic freeze-out temperature
T, and radial flow velocity ( 3;)

g D_2_ T T 1 LI L B B L B T T LI
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0.12F T % =
0.1F %‘i, =

- Global Blast-Wave fit to |
0.081 % (0.5-1 GeVic) , K (0.2-1.5 GeV/c) , p (0.3-3.0 GeV/c) -

- = ALICE Preliminary, pp, Vs = 7 TeV _:

0'06: = ALICE, p-Pb, Vs = 5.02 TeV .
0.04F * ALICE, Pb-Pb, s, = 2.76 TeV ]

C + ALICE Preliminary, Pb-Pb, |s,,, = 5.02 TeV ]
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( By ) increases with centrality
Similar evolution of fit parameters for pp and p-Pb
Thermalization in pp?
At similar multiplicities, <B> is larger for smaller

systems

0.5

0.6

0.7
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Evidence for the production of thermal systems (ll)
Particle yields in Pb-Pb at 5.02 TeV

Thermal models:

[ )
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At Chemical freeze-out => Particle
yields get fixed.

Abundance by thermodynamic

equilibrium: d—Nocexp -m
dy

T

chem

Particle yields are well described by
statistical models

=>
Hadrons are produced in apparent
chemical equilibrium in Pb-Pb
collisions at LHC.

T, (Chemical freeze-out
temperature) ~153 MeV




Lattice meets experiment: fluctuation of Extraction of Freezeout temperature and

- chemical potential
conserved quantities
* R,=M/c? /T => Baryometer

Thermodynamic Moments of the conserved charge * Ry =Sc3/M T = Thermometer
Susceptibility ﬁ distributions N ,
= 1 =)
g/T=0.0 ==
° . o 258 t:B/T=1-0 = -
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12 May 2022



Chemical and kinetic freeze-out temperatures

Collision energy dependence of T,,, and T, Sumit Basu et al. PRC 84 (2016) 04401

250 _— _— _— —— ALICE Collaboration PRD 88 (2013) 044910
- —=— T, STAR —a— T, STAR Au+Au (0-5%) | STAR Collaboration PRC 79 (2009) 034909
- —A— T SIS e T, STAR Cu+Cu (0-10%) - Cleymans et al. PRC 73 (2006) 034905
- % T, AGS —-a-- T, PHENIX B
200~ o 7. ALCE s T, ALICE Pb+Pb (0-5%)
i ‘[;}I:'Gﬁl{}]'%]#] """" T """""" | '|;"":
s 150 Y ch T
i . g i
< B . + # + + + . ] _
- 100} . + + + + -
- % Tkin i
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- S e eymans et. al - ) _ ) In c
- s Increases with the increase of
D_I I 1 1 1 Ll Lol | CO”iSion energy'
1 10 10° 10

IS (GeV)

August 2023 Tapan Nayak



Ratio to 2.76 TeV

(A pAp) e D)

Fluctuations of mean p+

- results from fluctuations of the energy of the fluid when the hydrodynamic expansion starts.

102

—
Q
|

ALICE Preliminary

ml < 0.8
. 0.15< p, < 2.0 GeV/c

m Pb-Pb, |5, = 5.02 TeV

® Pb-Pb, |s,, =276 TeV
HIJING, Pb—Pb, VS_NN =5.02 TeV
HIJING, Pb-Pb, VS_NN =276 TeV

141

(dN_/di)

Ratio to 5.44 TeV

(A pAp)/p.»

—
<
T

ALICE Preliminary

M| < 0.8
0.15< P, < 2.0 GeV/c

£
=
*E'E-
==
= Pb-Pb, |5, = 5.02 TeV -
==
=

o Xe-Xe, |5, = 5.44 TeV

10 10° 10°

Idpdlil INdydiN

(APiAPj) = <

Scaled variance:

(p7) is a proxy to the system temperature => measure of temperature fluctuations = heat capacity.

ALICE Preliminary

EE,}'#!" (pi - (pT))(p_] - (pT>) >
Nch(Nch - 1)

(ApTiAij Y {(p1))

Fluctuations decrease with
increasing multiplicity and
increase w/t beam energy.

Tulika Tripathy
Swati Saha
Bushra Ali



Photon Spectra and Effective temperature of the medium
Phys. Lett. B 754 (2016) 235-248

* Photons do not interact via the nuclear force - <
transparent to the medium > i =JALICE
. . S 0-20% Pb-Pb Vs, =2.76 TeV
* Photons are emitted in all stages and are unaffected e - — Aexp(p T ﬁ)‘/? °
: ] B _ © sta sys
by the medium. % g 1 @gﬁfEN?;Mi 1159 + 407 MeV
°-'__ L 0-20% Au-Au Vs, = 0.2 TeV
3 - — Aexp(-p/ Ty
Core of the Sun: o - o = 235 £ 255 £ 7% MoV

Photosphere

: 10-3
Convection zone
- V,/'

\Radiation zone "0

107°

Temp: 27 million °C

".4
4
.
-

C x_ (1eV=11605 K)1 0 " p,(GeVic)

T .= 3 million-million deg

LARGEST EVER TEMPERATURE REACHED IN THE LAB ....



http://www.sciencedirect.com/science/article/pii/S0370269316000320

Equation of State

Isothermal compressibility Heat capacity
Isothermal compressibility expresses how a Heat capacity is a response function which
system’s volume responds to a change in the expresses how much a system’s temperature
applied pressure. changes when heat is transferred to it, or

equivalently how much &8E is needed to obtain a

129V O given 3T.

V& P, 2qEO
= Heat capacity: C = (é‘TTB

k, = —

Expected behavior 2 _7 0 677

oy o C . -9
of k; at the critical |k ug T Me
point (T.): I o

Specific Heat: the amount of energy per unit mass

Critical behavior = power law scaling of isothermal needed to change its temperature by one unit (for
example by one deg C). This amount is directly

compressibility (k;) = increase by an order of . o .
proportional to mass, so it is expressed per unit mass.

magnitude close to the QCD critical point (CP).

35



Multiplicity Fluctuations => Isothermal compressibility (k;)

¢ v
ky = NSIiT k; vs collision energy
B
50 | Experimental data -@- AMPT (def) -6+
[S. Mrowczynski, Phys. Lett. B 430 (1998) 9] B UrQMD -~ AMPT (SM) =
40 & EPOS = HRG —
> .
8 10 0-5%c central collision
kBT( Nch) = In < 0.5
ch = kr! E SPS, RHIC data, UrQMD, EPOS & HRG
V = 20
il'—
10 _
Basic Idea: Measure event-by-event T
: : s 0 i1 = o
fluctuations of particle multiplicity.
Measure the variance of these fluctuations 10 100 1000
to assess the isothermal compressibility. Ve (GeV)

M. Mukherjee, S. Basu, TN et al.
Phys.Lett. B784 (2018) 1-5

* A.Khuntia, R. Sahoo, TN et al.

Phys. Rev. C 100, 014910 (2019
24 Jun 2023



Multiplicity fluctuations in Pb—Pb@2.76 TeV ALICE Collaboration

ALICE: Eur. Phys. J. C (2021) 81:1012 Background to the measured fluctuations:
2500 — (a) g * Poisson expectation: For an ideal gas, the number fluctuations are
- ALICE ‘ ; . . . . . _ . . «
2000 £ ETARTI - described by the Poisson distribution. w,, = 1, independent of multiplicity.
:e 1500 |- 08 ENEOS E * Scaled Variance from Participant Model
e 1000; é
SOOf— _f . .
E e £ w For central collisions:
100 = - B - . * T, =0.156 +0.002 GeV
o - - ~F . =5== * Volume=5330+505 fm?
20 = SE —— = * Fluctuations above the
sE o é— = - n—— Poisson estimation gives,
ab o = SE = i g wy, =1.15%0.06
L LI SE g a =
= °F ——— LI —F = - g
2 mace S SE = = => k;=27.9 + 3.18 fm3/GeV.
1? AMPT-SM S :_ . | \%
0050 100 150 200 250 300 350 400
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Estimates of the specific heat (c,))

Heat capacity:

_aYED
““&ra

T has contributions from thermal (T,;,) and collective
motion in the transverse direction ({ B+ )): radial flow

-

1

(T%) = (T)?)

C=

(T)?

dyn)g

Basic Idea: Measure event-by-event
fluctuations of system temperatures.

Measure the variance of these fluctuations

to assess the heat capacity

nNn W A~ O OO N

Phys.Rev. C94 (2016)
Sumit Basu, S. Chatterjee, R. Chatterjee, B. Nandi TN
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Specific heat:

Estimate c, at kinetic freezeout temperature



Thermodynamics of hot strong-interaction Nature Physics Letters 2020

Gardim, Giacalone, Luzum and Ollitraut

{py) Test
750 | ——® O T QGP, modelled as a massless ideal gas
Central Pb-Pb collisions at LHC 124 with Boltzmann statistics, has a particle
-~ -~ density n = gT3?
% 700 |- %
2 220 = From experimental data, g = 30
g . => This large number shows that the colour
650 - degrees of freedom are active.
0-5%
-200
00 e 155 160 |
T (MeV k) Entropy density: _ 1 S dNg

Variation of (p;) and T as a function of the freeze-out 3
temperature in ideal hydrodynamic simulations ... S(Tett) /T = 14+ 3.5
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Accessmg precursor stage of QGP formation
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Constrain the initial state, and
nuclear deformation.

PRL 131, 202302

ALICE collaboration, PLB 834 (2022) 13793

Thick-skinned:

Pb-Pb ys,,, =5.02 TeV

Using heavy-ion
collisions at the
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LHC, scientists
determine the
thickness of
neutron “skin” in
lead-208 nuclei
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Hydrodynamic simulation of central Pb-Pb at 2.76 TeV  arxiv:1504.04502 [nucl-ex]
Sumit Basu, TN et al.
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Fluctuations in the Little Bang

Uli Heinz, arXiv:1304.3634v1 [nucl-th] 11 Apr 2013

WMAP Heavy-ion Collisions

« Hadrons detected by the experiment are mostly emitted at the freeze-out

« Similar to the CMBR which carry information at the surface of last
scattering in the Universe, these hadrons may provide information about
the earlier stages (hadronization) of the reaction in heavy-ion collision.



The Big Bang and the Little Bangs
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O Omnipresent, the embodiment of all virtues, the creator of this cosmic universe

the king of dancers, who dances the Ananda Tandava in the twilight, I salute thee
(Source: sloka No. 36, Sivanandalahiri by Sri Adi Sankara)




