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Young minds 
wondering about 

the Universe!
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Universe is BIG !

Diameter of the observable universe: 
8.8×1026 m (28.5 Gpc or 93 Gly)

The end of the solar system is about 122 astronomical units 
(AU) away from the sun, where one AU is 93 million miles (150 

million kilometers).

Diameter: 12,742 km
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Success of Big Bang Model (George Gamow – 1948)
v Observational verification of expansion
v Predicted & observed abundances of light elements
v Discovery of the Cosmic Microwave Background
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Evolution 
of 
Universe 

Quark 
Gluon 
Plasma

Time ~  µs

Temp ~ 
1015 –1012 K 
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Theoretical support for QGP

“Scale for the Phase Diagram of 
Quantum Chromodynamics”

Science, 332, 1525(2011)
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Matter at extremely high temperatureà QGP

~ 170 MeV (1012 K)
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One trillion Kelvin !
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Typical Detector

Particle Physics + Nuclear Physics + Condensed Matter Physics + Engineering Science + Detector Physics
Analysis of data also requires knowledge of Statistical, Thermal, Relativistic kinematic Computational, QCD 
and  QED physics.

QGP: Femto-Scale
in time and space
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Measuring Temperature
Inverse slope provides temperature
300 – 600 MeV ~ 1012 K 
Quark Gluon Plasma

g
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~10-6 K

~3 K

~300 K

~6000 K

~106 K

~1012 K ~ 150 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 Temperature10/25



Emergent 
properties 
of matter

Baryon doping
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Viscosity: resistance to flow
Pitch approximately 
230 billion times viscous than water.

(1927-present) 8 drops

Fx
A

= −η
∂vx
∂y

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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Perfect Fluid

h/s = 1/4p

h/s ~ 0

h/s = 2/4p

h/s = 3/4p

Fl
ow

Momentum

€ 

∂νT
µν = 0
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Spin-orbit interactions

Atomic Physics
Nuclear Physics

Material Science
L.S
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Large 
Angular 
Momentum

L ~ 105 ℏ
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Finding spin-orbit interactions in 
QCD matter
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Angular 
distribution of 
vector mesons
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Most vortical fluid
1021 (second)-1
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Perspective 
on vorticity

Several fluids < 103 (second)-1

1021

s-1
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We understand 
the evolution 
after mini-Bang
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Miles to go before we 
sleep …

Quark 
Gluon 

Plasma: 
Perfect fluid 

and most 
vortical
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Collision energy

Critical opalescence
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Phase 
diagram of 
matter on 
the way to 
textbooks √

QED

QCD

Chapter – 11
Thermal Properties of Matter
NCERT - Book 
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Mega 
Sciences 

Come join !
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Thank you
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Back uphttps://www.facebook.com/553426615/videos/pcb.101575803
67111616/10157580353876616



Fundamental Interactions
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Space – Time 
evolution of 
heavy-ion 
collisions

J. D. Bjorken Physical Review D 27 (1983) 140

Universe:
QCD Phase Transition: T  ~ 200MeV
EW Phase Transition:   T  ~ 150 GeV
GUT Phase Transition: T   ~1016 GeV 

pp AA
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Calibrated 
LASER

Matter we want to study

Calibrated
Light Meter

Calibrated
Heat Source

Probes of the Medium

Jet
s



back-to-back jets disappear

leading particle suppressed

ησ
η
ddpd
ddpNd

T
pR

T
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=

Nuclear Modification Factor:

p+p
A+A

20/33



Experimental 
evidence of 
Quenching of 
Jets ≡ Energy 
loss of quarks 
and gluons in 
dense medium

1) Photons are not 
suppressed

2) No suppression 
in d+Au
collisions

einitial > eC
(Lattice)

High pT hadron production 
suppressed



Standard Model


