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Homi Bhabha Lecture

Context LHC Process Relation to Bhabha Scattering Purpose

LEP (historical) e⁺e⁻ → e⁺e⁻ Original Bhabha process Luminosity calibration

LHC UPCs γγ → e⁺e⁻ Crossing-symmetric to 
Bhabha QED tests, luminosity

pp collisions QED/EW lepton 
pair production Includes same diagrams Background modelling

Simulation 
frameworks

Matrix element 
libraries

Derived from Bhabha QED 
vertex Event generation

Honored to deliver 
this year’s lecture 02/38



Universe is 
Big !

What are 
the basic 
building 
blocks ?12,742 Km150 million 

kilometers

8.8×1026 m
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CERN: A graphic impression of quarks 
and gluons inside the proton

No free 
quarks and 
gluons in 
nature

Building 
blocks: 
electrons, 
quarks and 
gluons

How to 
study the 
properties ?
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Strong interactions
Electromagnetic interactions
Weak interactions
Gravitational interactions



Hydrogen burns Oxygen supports burning

Free system of 
quarks and 
gluons needed to 
study properties.

Were quarks and 
gluons ever free?
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Big Bang M
odel 
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Expanding U
niverse

N
uclei Abundances

C
M

BR



Time ~  microsecond
Temp ~ 1015 –1012 K 
Quark Gluon Plasma

Time ~ 13.8 billion years
Temperature ~ 2.7 K
Quarks confined
No free quarks in nature
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4
2

30
Tgpe =

Small g : hadronic degrees of freedom

Large g : quark and gluon degrees of freedom

Theory:
QCD

QGP Phase
(deconfined)

Hadronic Phase 
(confined) 09/38HotQCD Collaboration: Phys. Rev. D 90, 094503 (2014) 

156 MeV 
~ 1012 Kelvin



Relativistic Heavy Ion Collider 
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https://www.bnl.gov/rhic/

STAR



Large Hadron Collider

Goal # 1 : Reach temperatures ~ 1012 Kelvin mimicking the early Universe conditions.
Goal # 2 : Form a free system of quarks and gluons – fundamental constituents of visible matter.
Goal # 3 : Study the properties of quarks and gluons - the building blocks of matter. 11/38

https://home.web.cern.ch/science/accelerators/large-hadron-collider

ALICE
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Indian contributions to LHC activities
Accelerator and Computing Detectors and electronics

1996 : AEC (Atomic Energy Commission) agrees to take part in 
the construction of the LHC, and to contribute to the CMS and 
ALICE experiments and to the LHC Computing Grid with Tier-2 
centres in Mumbai and Kolkata.

2002: India was granted Observer 
status to the CERN Council.
2017: India Associate Member. 
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Time for ric
h science harvest –

 already one noble prize
 – discovery of 

Higgs Boson and all fo
ur experim

ents r
eceived the Breakthrough prize

 in 

fundamental physics – 2025.
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https://www.star.bnl.gov/

https://alice-collaboration.web.cern.ch/
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Ionization energy loss:  
 - < dE/dx > ~  A / b2  
= A (1 + m2/ p2) 

Time of flight:   
< t > =  L / b   
= L  (1 + m2/ p2) 1/2
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5 charged particles: e, µ, p, K, p
2 neutral particles: n, g
Neutrinos undetected
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ALIC
E: Eur.Phys.J.C

 84 (2024) 8, 813



C
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pton
A
nnihilation

B
rem

sstrahlung

T > 300 MeV
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T ~ 156 M
eV
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~10-6 K

~3 K

~300 K

~6000 K

~106 K

~1012 K ~ 600 MeV

Trapped Ions

Cosmic Microwave Background

Room Temperature ~ 1/40 eV

Solar Surface

Solar Interior

~109 K Neutron Star Thermonuclear Explosion

~10-10 K Rhodium metal spin cooling (2000)

(Low-T World Record!)

(Terrestrial Nuclear explosions)

Nucleus-Nucleus collisions

Perspective on the Temperature
Highest temperatures

on Earth
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https://www.guinnessworldrecords.com/world-records/highest-man-made-temperature



Conclusion 
# 1

Nature Physics 
16, 615–619 (2020)

Largest temperatures 
recorded in laboratory.

Mimics the microsecond old 
Universe conditions.

Quark Gluon Plasma formed. 22/38



What is the 
Viscosity of Quark 
Gluon Plasma ?

An illustration of the evolving energy density 
of the QGP created in a noncentral collision. 
Credit: MUSIC arXiv:1209.6330
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https://cerncourier.com/wp-content/uploads/2021/04/CCMayJun21_FLOW_noncentral.jpg
https://cerncourier.com/wp-content/uploads/2021/04/CCMayJun21_FLOW_noncentral.jpg
https://cerncourier.com/wp-content/uploads/2021/04/CCMayJun21_FLOW_noncentral.jpg


Viscosity : resistance to flow

Natural principles
kinematic viscosity h/s ≥	1/4p. 

Less viscous

More viscous

(1927-present) 8 drops

Pitch approximately: 230 billion times 
more viscous than water Dilute gas, h = (1/3) npl. 

Uncertainty principle pl ≳ ℏ.
Entropy density, s ~ kBn,
Lower bound to h/s ≳ ℏ

"!
. 

Kovtun, Son, and Starinets 
(KSS bound) h/s ≥ ℏ

#$"!
	=1/4p. 
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Flow and resistance to flow - viscosity 
Fl

ow

Momentum

h/s ~ 0

h/s = 1/4p ~ (1/20)Water

h/s = 2/4p ~ (1/10)Water

h/s = 3/4p ~ (1/6)Water

Measurement – STAR experiment
Theory calculations
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Normalized temperature 

Perfect 
Fluid
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Conclusion 
# 2

Plasma of Quarks and 
Gluons, building blocks 
of visible matter, at 1012K 
is a perfect fluid.

Fl
ow

Order

https://cerncourier.com/a/going-with-the-flow/
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Spin-orbital angular momentum interactions

Large Angular Momentum
è
Spin-orbit interactions 
è 
Polarization / Vorticity

Atomic physics

Nuclear physics

Condensed matte
r 

 physics
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Measuring Polarization
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How does on experimentally access spin 
alignment or polarization?

Study angular distribution of decay 
products of a hyperon or a vector 
meson.

For example: vector meson case, the 
angular distribution of daughter particle

w ~ 1021 (second)-1



Perspective 
on vorticity

Several fluids < 
103 (second)-1

1021 s-1

QGP ~ 1021 
(second)-1
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Dust-Devil@NISER



Conclusion 
# 3

Plasma of Quarks and 
Gluons, building blocks 
of visible matter, at 1012K 
is a highly vortical fluid.
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Each of the aspect has societal applications

Computing Detectors Accelerators

32/38



C o m p u t i n g :  t h e  W o r l d  W i d e  W e b

1) 1989 www@CERN

2)1993 CERN places World 
Wide Web technology in 
the public domain, 
donating it to the world.

Few other technological advances in history have more 
profoundly affected the global economy and societal 

interactions than the Web. 

Tim Berners-Lee
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Detectors as  diagnostic instrumentation

Particle detectors first 
developed for particle 
physics are now ubiquitous 
in medical imaging. 

Imaging done in 1968. Nobel 
Prize 1992 - "for his 

invention and development 
of particle detectors, in 
particular the multiwire 
proportional chamber." 

Anthony Butler
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Accelerators: Radiotherapy 35/38

Marie Curie – First woman to received 
Nobel Prize – Birthday – 7th November
Happy International Medical Physics Day



Our quest to know more about 
nature, leads to building things 

that are at the forefront of 
cutting-edge technology. This 

technology has widespread 
applications in society.
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Mega Sciences: Opportunities 
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