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The Original Soup: Quark-Gluon Plasma

Arjun Kudinoor | PhD Student @ MIT

Today - 14 hillion years
Life o earth\ O R
A i - ~ 11 hillion ye@rs‘.

Dark energy dominate!
Solar system forms\ S8 N :
Star formation peak \SESSSSEESEHHGORYEa S
Galaxy formation era\y
Earliest visible galaxie:

Mo b A dAAAAAAAA A Add

Recombination Atoms form
Relic radiation decouples (CMB)

2 29 00 Vears 25
W) ! )
SR
Matter domination -
Onset of gravitational collapse

In ultrarelativistic heavy ion collisions (e.g. Pb-Pb), a
strongly coupled liquid, called quark-gluon plasma (QGP),
is formed

3 minutes
Light elements created — D, He, Li | %1 &% . .
Nuclear fusion begins —— 0.01 seconds

QW . HC

Nucleosynthesis

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first ditferentiate

Supersymmetry breaking

e The first liquid to exist
e At afew trillion degrees, the hottest liquid that has
ever existed
. e The most liquid liquid to exist
Image from: Centre for Theoretical % - s
Cosmology, Cambridge University e Quarks are deconfined, yet strongly interacting

Axions etc.?

Grand unification transition |=
Electroweak and strong nuclear
forces differentiate
Inflation

Quantum gravity wall
Spacetime description breaks down
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A Taste Test using Jets
Arjun Kudinoor | PhD Student @ MIT

What are the properties and microscopic
structure of quark gluon plasma?

e Jets are collimated showers of high energy
quarks and gluons that result from a hard
scattering

e Hard partons in jets traverse and interact with the
QGP droplet. These interactions are imprinted
onto the final measured state

e | study jet substructure observables like energy
correlators, jet shapes, Soft Drop angles, etc. to
probe the physics of hot-QCD
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Reconstructing the Recipe using Energy-Correlators
Arjun Kudinoor | PhD Student @ MIT Perturbative QCD
ALI-PREL-540229 evolution of quarks and
e (o502 ToV gluons (at early times)

- 40 < p{"** < 60 GeVic, |1 | < 0.5
= 6 Pl > 10Gevie . bate | Energy Correlators can be used to
pQCD (NLL) - e . Image QCD at different scales

R arXiv:2409.12687 [ALICE]

¢

Extract a_ using ratios of
energy-correlators
arXiv:2402.13864 [CMS]
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¢ Image and find evidence for
jet-induced wakes and elastic
] scatterings in QGP
= pefoD (NLL)/Data | arXiv:2503.19993 [CMS]
R ALI-PREL-604453 [ALICE]
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