
Professor Bikash Sinha –

The Scientist, Educator, Author, Inspiring Leader and Institute Builder  

(June 16, 1945  - August 11, 2023)



Prof Bikash Sinha was born in Kandi Paikpara Raj Family on June 16th, 1945. 



Education

• School: Scotish Church Collegiate School, 

Kolkata

• B.Sc. (H) in Physics from Presidency College, 

Kolkata

• B.A. Natural Sciences (Physics Tripos) from Cambridge University – 1967

• M.A. Natural Sciences (Physics 

Tripos) from Cambridge University 

– 1968

• Ph.D. King’s College, London 

University, 1970

• D.Sc. London University, 1981



• Senior Research Fellow at King’s College, London: 1970-1976

• On Dr Raja Ramanna’s invitation,

Dr Sinha returned permanently to

India and joined Bhabha Atomic

Research Centre (BARC), Mumbai

in 1976.



• Scientific Officer (1976-1983) at Nuclear Physics Division, BARC .

• Moved to Variable Energy Cyclotron Centre, Kolkata in 1983

• Assumed charge of -

Director, Variable Energy Cyclotron Centre: 1987-2009,

Director, Saha Institute of Nuclear Physics: 1992-2009,

Vice Chancellor, West Bengal University of Technology: 

Feb. – Dec. 2003.

Research: on Low/Intermediate Energy Nuclear Physics at King’s College
(1970-1976); Bhabha Atomic Research Centre (1976-1983).

1983 -1984: Transition period (low energy nuclear physics to Quark 
Gluon Plasma (QGP)  and relativistic heavy ion collisions.

Research: on QGP (1983-2022) and Hellium Exploration.

He spent 52 years (1970-2022)  of his life on basic research. 



Electromagnetic signal of QGP (1983) 

Nuclear optical potential (1970) 

Last publication (2022) by Prof Sinha



Transition to Quark Gluon Plasma research (early years of 1980’s)

His main interest was –

• Signals of QGP mainly electromagnetic probes (photons and 
lepton pairs),

• Evolution of QGP in space and time,

• Relativistic hydrodynamics,

• Application of Non-Equilibrium Statistical Mechanics  to 
understand the thermalization in QGP,

• QCD phase transition in early universe, etc.

• Effects of geological activity on the abundance of He and other  
gases emanating from hot spring. 

Low/Intermediate Energy Nuclear Physics (1970 - early years of 1980’s)



• Participated/Delivered lectures in Conference /

Symposium / Workshops, etc.  ~ 300 

• Publications of general interest ~ 100.

• More than 200 publications  in theory.

• Total publication: more than 400 (including 

international collaborations). 

Publications of Professor Bikash Sinha -



Architect of several large scale International Collaborations:
 WA98 (CERN, Geneva), Super Proton Synchrotron
 ALICE (CERN, Geneva), Large Hadron Collider
 STAR (BNL, USA), Relativistic Heavy Ion Collider
 FAIR (GSI, Germany), Facility for Antiproton and Ion Research

Jammu University, Punjab University, Rajasthan, University, Guwahati University,  
IIT Bombay, IIT Indore, NISER, SINP,  IOP, Bose Institute, ..…. participated in these 
collaborations.

Dr Sinha has made Kolkata “The City of Cyclotron” of India.
There was one cyclotron operational when took charge of Director, VECC.

He added Super Conducting Cyclotron & Medical Cyclotron at VECC and
FRENA at SINP.

He set up modern laboratories at hot springs of Bakreswar (West Bengal)
and Tantloi (Jharkhand) to study He abundance in the gas emanating from
these hot springs. He found correlation between change in the abundance
of He gas with the geological activities (earthquake, etc.).

Prof. Bikash Sinha as an Institute Builder 



• Recipient of many awards:  

 S N Bose centenary award 1994, 

 DAE Raja Ramanna prize 2001,

 Rais Ahmed Memorial Lecture Award, 

 Padma Shri (2001), 

 Padma Bhusan (2010),

 Humbolt Research Award of the Alexander  von Humbolt

Foundation (2005). 



• Member of several  Indian and Foreign academies.

• Recipient of Honoris Causa, D.Sc.  from several Indian and 
Foreign Institutions.

• Member of Governing Council/Executive Council/Senate  of about a 
dozen of Institutions.

• Member of Governing Council/Executive Council/Senate  of several 
academic Institutes. 

• Member of:  

 Scientific Advisory Committee of the Prime Minister of India, New 
Delhi (2005-2013); 

 Scientific Advisory Committee of the Cabinet, Government of India, 
New Delhi (2003-2006).

President of – International Radiation Physics Society, etc.  



At home with science and culture





In different moods 



Our respectful homage



Jan-e Alam
Variable Energy Cyclotron Centre

Kolkata

Spin polarization as a signal of critical point

QGP

Collide

India-JINR workshop, JINR, Dubna, Russia. October 16-18, 2023.



Based on: 

1. Sushant K Singh & J.A., “Suppression of spin polarization as an 
indicator of QCD critical point”,  Eur. Phys. J. C 83, (2023) 585.

2. Sushant K. Singh & J. A. , “Effects of the QCD critical point on 
the spectra and flow coefficients of hadrons”,  Phys. Rev. D 107, 
(2023) 074042. 

• Motivation

• Solving relativistic viscous hydrodynamics with critical point

• Results

• Summary

Plan



Where is the critical point? 

The phase diagram of QCD

DeWolfe et al., PRD 83 (2011) 086005

 The location of critical point in the QCD 

phase diagram is not precisely known from 

the first principle calculations.

Motivation



The water-vapour phase diagram

Fodor & Katz, arXiv:0908.341 [hep-ph]



Space time evolution of quark gluon plasma

Nuclear Collisions at Relativistic Energies

PCM & clust. hadronization

NFD

NFD & hadronic TM

PCM & hadronic TM

CYM & LGT

string & hadronic TM

Time



Relativistic viscous hydrodynamics - a tool to describe the space-time 
evolution of matter produced in nuclear collision at relativistic energies

Inputs: 
Initial conditions (energy density,
net baryon density and velocity)
Equation of State,
Transport coefficinets,
Freeze-out condition

Israel-Stewart hydrodynamics is used here:

Tµν : energy momentum tensor,
NB

µ :baryon current
π/πµν : bulk/stress tensors
NS: for Navier-Stokes limit





What is the fraction of the initial angular momentum deposited in the fireball?

Becattini et al., PRC 77 (2008) 024906

T(x,y) T(x+b/2,y)    T(x-b/2,y)



Becattini et al., PRC 77 (2008) 024906

The initial angular momentum of the fireball is:

Jy = 0.29 L0 , at b=2.5 fm



Vorticity in nature (diameter):  
Superfluid vortices (~angstrom), Vortex in the tail of aircraft (1-2 meter, Dust 
Devils (1-10 meter), Tornadoes (10-500 meter), Hurricanes (100-2000 km), 
Jupiter’s Red Spot (25,000 km) , Spiral Glaxies ( light years).

QGP ( size ~ 5 fm), velocity ~ 0.1 c, vorticity O(1021 sec-1) (small size and high 
velocity). Tornado vorticity ~ O(10-1 sec-1)

Evolution of vorticity

where



Polarization  of Λ-hyperon for 

Au+Au collisions measured

by STAR collaboration at RHIC-

BNL.



Solving relativistic  hydrodynamics

Use optical Glauber model + symmetric rapidity profile +local energy momentum 

conservation as in Shen et al., PRC 102 (2020) 014909.

Initial energy density and baryon density profiles -

nA & nB are obtained by integrating the nuclear density over z. E=energy/area,
and Pz is the longitudinal momentum/area.



Shen et al., PRC 102 (2020) 014909.

Connection of the geometry of
the collisions  with the fluid 
dynamics through energy 
momentum tensor.



Further assume:

Parameters are fixed by reproducing data on rapidity distribution of elliptic flow  and

charged particle multiplicities for different centralities [Shen et al., PRC 102 (2020) 014909]. 



Equation of State 



Equation of State (contd.) 

Parotto et al., PRC 101 (2020) 034901 

r: reduced temperature
h: magnetic field



Equation of State (contd.) 



Equation of State (contd.)





Transport coefficients

Monnai et al. PRC 95

(2017)034902



The dynamic structure factor is given by: 

The correlation in density fluctuation:

Near the QCD critical point
Dynamical spectral structure of density 

fluctuation away from the QCD critical point.

Rayleigh peak

Brillouin peakBrillouin peak
Brilliouin peaks vanish





Results



The effect of QCD critical point (CP) on the transverse momentum spectra of pion 

and proton is found to be insignificant.  

The momentum spectrum of the particle ‘i’ 
at the freeze-out surface can be estimated
by using the Cooper-Frye formula: 

The distribution function contains the information of the hydrodynamic evolution
through temperature, chemical potential and flow velocity.

Insensitive to  CP



The rapidity distribution with and without QCD critical point 

Insensitive to  CP



The elliptic flow  with and without QCD critical point 

Insensitive to CP



Suppression of the  vorticity in the presence of CP 
The thermal vorticity is defined as: 

In the non-relativistic limit the vorticity is defined as the curl of the velocity, 

The evolution of the vorticity is governed by the following equation:

where

Several competing mechanisms determine the evolution of the vorticity.

Suppression of vorticity due to
QCD CP.



Polarization vector for spin ½ particle:

where

Cooper-Frye formula for particles with spin

Results for  zero initial angular momentum



Non-zero initial angular momentum



Polarization vector for spin ½ particle:

where

Cooper-Frye formula for particles with spin

[Results for  non-zero initial angular momentum]



Results for  non-zero initial angular momentum



 The effects of the critical point on the spin polarization of Λ-hyperon has been 

studied  by using relativistic  viscous hydrodynamics. 

 The other hadronic observables like elliptic flow, pT spectra etc. are not affected 

much near the critical point (at most changed by 8%). 

 It is found that the rapidity dependence of the spin polarization changes 

significantly (more than 25% quantitative change but there are qualitative in the 

slope also) as the critical point is approached. 

 The study suggests that the spin polarization can be used as an indicator of the 

critical point.

Summary:



Thank you



The QCD critical point drastically  changes  the rapidity distribution of spin  

polarization (y-component) of Lambda hyperon. The suppression of  Py can be 

used  to detect the critical point. 

Polarization vector for spin ½ particle:

Cooper-Frye formula for particles with spin

where

Space-time integrated mean polarization vector:



[Taken from  Introduction to phase transition and critical phenomena 
by H. Eugene Stanley, Clarendon Press, Oxford, 1971.] 

Space-time correlation  in density fluctuation:

The dynamic structure factor is given by 



Where is it? 

Boeckel and Schaffner-Bielich, PRD 85, 103506 (2012).



Summary:

Suppression of sound wave near CP will have several consequences-
- affect the system  life time 
- suppress the Mach cone

Gradient of hydrodynamic quantities are more sensitive to CP  
-Vorticity and consequently the spin polarization is found to be suppresses near the CP   



Collaborators: Golam Sarwar, Md Hasanujjaman,  Mahfuzur Rahaman and Abhijit Bhattacharyya.

Sources: Eur.Phys.J. C 82 (2022) 189,  Phys.Lett. B 820 (2021) 136583,  Eur.Phys.J.A 57 (2021) 283. 

1. Perturbations in Quark Gluon Plasma



Let Q (=energy density, net baryon density, flow velocity, ….)
be the a hydrodynamic quantity with its average value Q0

and δQ=Q-Q0 is linear perturbation.  Fourier transformation of δQ:  

The set of linear algebraic equations obtained from hydrodynamic equations:

where

The expression for (baryon)  density fluctuation:





The dynamic structure factor is given by: 

The correlation in density fluctuation:

Near the QCD critical point
Dynamical spectral structure of density 

fluctuation away from the QCD critical point.

Rayleigh peak

Brillouin peak
Brillouin peaks vanish

Brillouin peak



Nonlinear wave equations:

To get the equations:
Coordinate transformation
and expansion

Final Equations:



Propagation of non-linear perturbation through 

quark gluon plasma within the framework of 2nd

order  causal viscous hydrodynamics. 

The system is away from the QCD critical

point.

1st order 

2nd order 

[1+1st order +2nd order]

The perturbations survive.



Propagation of non-linear perturbation through 

quark gluon plasma within the framework of 2nd

order  causal viscous hydrodynamics. 

The system is close to the QCD critical point. 

The perturbations get significantly suppressed in the presence of QCD CP.

1st order 

2nd order 

[1+1st order +2nd order]



• The presence of the CEP will be resulting in
the vanishing of Mach cone effects (or away
side double-peak structure) and the
broadening of the two and three-particle
correlation.

• The suppression or collapse of elliptic flow
near the CEP [1]. It will lead to large event-by-
event fluctuation of flow harmonics between
two events with and without the CEP.

• Proposed Signatures: A) the vanishing Mach
cone effects (or away side double-peak
structure) on the away side jet

• B) the enhancement of fluctuation of flow
harmonics in event-by-event analysis
accompanied by suppressed flow harmonics
could be considered as signals of the CEP. Base
line: anisotropy of particles that left the
system before reaching the phase boundary.

• 1. M. Hasanujjaman, M. Rahman, A. Bhattacharyya, J. Alam, Phys. Rev. C, 102 (2020), Article 034910,
arXiv:2008.03931v2

http://arxiv.org/abs/2008.03931v2
















Source: https://www.forbes.com/sites/startswithabang/2018/08/15/what-was-it-
like-when-we-lost-the-last-of-our-antimatter/?sh=ebf99b366608

https://www.forbes.com/sites/startswithabang/2018/08/15/what-was-it-like-when-we-lost-the-last-of-our-antimatter/?sh=ebf99b366608




Phase diagram of H2O

https://serc.carleton.edu/
details/images/10201.html

https://physics.stackexchange.com/
questions/550010/is-there-any-relevance
-between-phase-diagram-and-energy   

Phase diagram of  CO2

https://serc.carleton.edu/
https://physics.stackexchange.com/


Fodor & Katz, arXiv:0908.341 [hep-ph]



Temperature variation of energy density and pressure from Lattice QCD 

O. Philipsen, Prog. Part. & Nucl. Phys. 70 (2013)55



Temperature variation of energy density  from Lattice QCD 

Karsch & Laermann, 2004


