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Why Relativistic collisions ?
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Space-time evolution of Relativistic collisions

T out '/72: With QGP :

®Pre-Equilibrium phase
e QGP
eMixed Phase

ePre-hadronic phase

Without QGP : \ X T

eHadron Gas Phase

eHadronic Freezeout

eChemical Freezeout

Pre-Equilibrium
Phase (< tp)

eHadronic Phase

»  oKinetic Freezeout
b) with QGP
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With QGP :

®Pre-Equilibrium phase

Free streaming

e Quark Gluon Plasma (QGP)

eMixed Phase
eChemical Freezeout
eHadronic Phase

oKinetic Freezeout

Hydrodynamical
Evolution

>
>
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Mid Rapidity

Pre-Equilibrium

Phase (< 1) >

/ \ with QGP .

Kinetic freeze-out

Hadronization

Initial Energy densit

QGP formation time

Aftermath Evolution
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Without QGP :

®Pre-hadronic phase
eHadron Gas Phase

eHadronic Freezeout

[ time

Mid Rapidity

Hydrodynamic
Evolution

without QGF’

» o

This picture of space-time
evolution is expected to occur
in hadronic collisions, where

formation of QGP is least

anticipated
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Motivation

® Through relativistic heavy-ion collisions, we search for indirect signatures of QGP
e Small collisions like pp collisions provide baseline measurements as medium formation is not expected here
® But presence of heavy-ion like signatures are now observed in small collision systems too!

>  High-multiplicity pp and p-Pb collisions show signatures of collective flow and strangeness

enhancement
>N I T T l[t. Il L) | It. L] L] L] L] I I T L] 'rt. Il L] | It. L] L] L] L] I T L] lrt. Il L] ' t. L] L] L) L] I Focus :
Wo-particie correlation Wo-particie correlation Wo-particle correiation g ni +* p(p) ! I
03 | |an>20 .|_.|‘|..A|.-I;‘+ T 1.1<An <78 T 11<|An <64 BKE ¥ AR) T SM L "
3 3 s K COLLISION \
t } SYSTEMS
02 : > + i + -
L) e + + ¥
ty I ;" -, K - p-O and O-O
- -~ ” - - o o
T - . " ot collisions
=g ALICE " ALICE ou ALICE *eo ' & Kk ol .
Pb-Pb, {Sp, = 5.02 TeV ¢ pPb {5 =502TeV] op, 5=13Tev # took place in
oF 40-50%VOM (N_)=478) T 0-20% VOA ((N_)~=35) T 0-0.07% VOM (N_)=~35) 1 the Run 3 at
I L L L L L L 1L L I I L L L L L L L L I I L L L L I L L L L I
0 5 100 5 100 5 10 the LHC in
P, (GeV/c) P, (GeVic) P, (GeV/c)

2025

S. Acharya et al. [ALICE], [arXiv:2411.09323]



@ | pO and OO collisions at the LHC FEY
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a-clusters in O and C nuclei
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a- cluster density profile
% “He nuclei with two protons and two neutrons is called an a-particle
% Light nuclei having 47z nucleons can possess a-clustered nuclear structure — Ex.: 8Be, 12C, 1°0 etc.
% oa-clustering provides additional stability to nucleus
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Anisotropic flow

- . 2
e In non-central collisions, spatial asymmetry along Py v
different directions leads to hierarchy of pressure ‘ ‘ Collective interaction ¢ | F
- - pressure =
1 . < O
gradients:  YP, >> VP, . X ‘» — P
e Strong pressure gradients convert initial spatial ' / il | ic’
° . ¥ 5
anisotropy to final-state azimuthal momentum space 3
. . . . . Coordinate space: Momentum space: “
anisotropy, via the collective expansion of the medium initial asymmetry final asymmetry 3
J
® Anisotropic transverse expansion/anisotropic flow is
quantified via coefficients of Fourier expansion of the
azimuthal distribution of final state particles:
> ‘A yVP
dN 1 ;
= o (143 2vncosln(o — ) y
do 27 '
n=1 ‘
where v, = (cos[n(¢ — ¥n)]) __’I X
VP,

is the n™" order anisotropic flow coefficient

v, = Elliptic Flow
v, = Triangular Flow 12




Anisotropic Flow Estimation

In this study, estimation of v_is done by two-particle Q-cumulant
n

method
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P SCUdOFapldltY gap 1n the sub-events helPS In suppressing non-flow S. Prasad, N. Mallick, R. Sahoo and G.G.Barnafdldi, Phys.Lett.B 860 (2025) 139145
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Results

Initial spatial anisotropies, such as, eccentricity (e,), triangularity (e,), etc., are quantified as: D. Behera, S. Prasad, N. Mallick and R. Sahoo,
Phys. Rev. D 108, 054022 (2023)
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Results
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% Distinction due to nuclear density profiles is better evident in OO than from pO collisions. 18
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%  Effects from a-clustering gets pronounced at higher multiplicities (10-20% centrality)
% Response coefficient is multiplicity-dependent than being collision-system-dependent?
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% The effects of a-clustering in OO collisions are observed to manifest well in the

region b/ra < 1; therefore it is comparable with the size of the *He! 20



Summary and Outlook

e For the first time, a systematic study on the effects of initial nuclear density profiles (a-cluster nuclear
geometry especially) on final state flow coefficients is reported for pO and pC collisions using AMPT model
and for pO and OO collisions (from impact parameter based centrality classification) using
IP-Glasma+MUSIC+iSS+UrQMD at LHC energies

e oa-cluster profile maintains a similar but unique qualitative behavior throughout the collision systems,
pC, pO and OO (AMPT)

e  Effects of a-clustering are more prominent in OO collisions than pO and they are pronounced in (10-20%)
centrality class. Proton might not be a good probe to study a-cluster structure

e a-clustering effects might manifest well near b/r, < 1— needs further confirmation from other realistic
nuclear collisions (C-C, Ne-Ne etc.)

Work is in progress to look into the effects of the compactness of a-clustering on the final state v and to extend

our study to Ne-Ne collisions...
21






