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Heavy-ion collisions

Initial state — QGP hadronization

Over the whole evolution we have production of photons!
From direct(prompt, pre-equilibrium, thermal, fragmentation) to decay photons (7°,7,w, ...)

This talk: focus on photon reconstruction and neutral meson production in ALICE
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Signatures of the QGP

o Modified particle production
Particles are produced via

h 5 .
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Signatures of the QGP

0

m° energy loss in Pb—Pb collisions
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Signatures of the QGP

JACICE

Direct photon flow in Pb—Pb collisions

L I e e
20-40% Pb-Pb, |s,, = 2.76 TeV
[e]vi 9, ALICE

v§ %, ALICE simulation

vL 9" hydro, Paquet et al.
----- vi ", hydro, Chatterjee et al.

----- vy, PHSD, Linnyk et al.
Boxes indicate total uncertainties
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@ Anisotropic flow o
Spatial anisotropy of the produced system '
leads to a momentum anisotropy .
d*N 1 d*N =
E——=——"7—|(1 2v, -V
d3p 27 pedpedy < * — vocos(nlp ®))
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My big questions in heavy-ion physics

JACICE

@ What are the different particle production mechanisms across different system sizes?
@ How does the Quark Gluon Plasma form, evolve, and transition again into hadronic matter?
@ Can we find the onset of the QGP? — Is there a QGP droplet formed in small systems?

PP p-Pb

1 2 4
Nparticles ~ 10 Nparticles ~ 10 Nparticles ~ 10
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Measuring photons with the ALICE detector

Photon Conversion Method (PCM)
@ ITS and TPC, conversion probability ~ 8%
@ |n] < 0.9 and 0° < ¢ < 360°
@ E, > 100 MeV, E_o > 300 MeV

PHOS calorimeter
@ PbWO, crystals (cell size 2.2 cm x 2.2 cm)
@ |n] < 0.12 and 250° < ¢ < 320°
@ E, > 200 MeV, E,o > 400 MeV

EMCal calorimeter
@ Pb-scintillator towers (cell size 6 cm x 6 cm)
@ EMCal: |n| < 0.7, 80° < ¢ < 187°
o DCal: 0.22 < |n] < 0.7, 260° < ¢ < 320°
e DCal: || < 0.7, 320° < ¢ < 327°
e E, > 700 MeV, E,o > 1.4 GeV
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Neutral meson production




Why measure neutral mesons?

=Yy, oy, w Ty,
@ Straightforward identification (Min,) — study the particle production mechanisms

@ Main background for yqirect — precise neutral meson measurements lead to precise Yqirect Measurements

pp p—Pb Pb—Pb
T
P
Pb
@ Jet production @ Cold nuclear matter effects @ QGP effects
@ Underlying event studies @ Multiplicity dependence @ Centrality dependence

Mike Sas (CERN) Electromagnetic probes in ALICE Sep 22, 2022 7/16



Neutral meson reconstruction in ALICE Nt
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Neutral meson reconstruction in ALICE

ALICE
0
m n
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Neutral meson reconstruction in ALICE

Analysis strategy:

© Correct raw yield for efficiency,
acceptance, feed-down from
secondaries
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Neutral meson reconstruction in ALICE

Analysis strategy: 70 n

® 5y '0-10% Pb-Pb, (5]E5.02 TeV
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Neutral meson reconstruction in ALICE

Analysis strategy:

© More differential studies

Mike Sas (CERN

@ vs. event multiplicity

@ vs. Sphericity: 0 < St <1

o Pencil-like: St ~ 0
e Spherical: St =1

@ In-jet production

o Reconstruct neutral
mesons inside charged jets

o Algorithm: anti-ki,

R =0.4, E > 10 GeV
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Neutral mesons in pp collisions

Main reasons for study:
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Neutral mesons in pp collisions

Main reasons for study:
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Neutral mesons in pp collisions

Main reasons for study:

@ Fragmentation

@ Contribution underlying event

@ Main background for vdirect
More differential studies:

@ vs. event multiplicity

@ vs. event shape: Sphericity St

@ In-jet production
Comparisons to predictions:

@ PYTHIA overpredicts 7°,
except for high multiplicity

@ PYTHIA overpredicts 7°
pencil-like events,
underpredicts spherical events

@ 7/ significantly modified for

the in-jet production
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New surprising result in pp collisions at 13 TeV
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e Indication of an ordering of 1/7° ratio
from low to high multiplicity

o Fits of the double ratio, for a given range
in pr, show a decreasing trend with
increasing dNy,/dn

@ Stronger effect in data compared to
predictions in PYTHIA
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From pp to Pb—Pb collisions...

Sep 22, 2022

11/16



Neutral mesons in Pb—Pb collisions
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Neutral mesons in Pb—Pb collisions

Multiplicity dependent production
n/m° n/m° 0-10%
%" PP, {5, = 5,02 TeV %" 0-10% POPb, (5., = 5.02 eV © Precise spectra over large
= f ALICE preliminary =t ALICE preliminary
08;E|0>10% 0.8 &= high p_average momentum range

0.465 +0.025" +0.0p
o [+130-50% — my-scaled 'z’

o

AR R
B%
=
Hertl]

@ Main background for direct
photon analysis

@ 1/7° shows significant

PRI IS RN AR B
E o
@

o
=
R I U R

0.2) 0.2) Paquet e . .
. - SHM-EQ modification for non-peripheral
‘ [Jpp. 15 =5.02TeV - ‘ - SHM-NEQ o
000 1 2 3 4567810 20 3040 0o 1 2 3 4567810 20 3040 collisions
P, (GeVic) P, (GeVic)

Mike Sas (CERN) Electromagnetic probes in ALICE Sep 22, 2022 12/16



Neutral mesons in Pb—Pb collisions

71'0 RAA
RS —— ——
& | 0-10% +110-30%  Pb-Pb, vsTN=5,oP Tev |
x]130-50% [:150-90% ALICE p inary
= 1[1:)7*{ ~
1.04 —

P, (GeVic)

Nuclear modification factor:

Mike Sas (CERN)

7 Raa
L ®0-10% 10-30% Pb-Pb, {s,,=5.02 TeV | TN .
(5130-50% (150-90% ALICE preliminary Multiplicity dependent production
r LSS
r 1 @ Precise spectra over large
1.0 .
\ ] momentum range
[ 1 @ Main background for direct
F 1 photon analysis
0.5— —
L | @ 1/m° shows significant
r 1 modification for non-peripheral
L | collisions
Y il ‘ R X )
p, (GeVic) @ Raa shows strong suppression
for central collisions
dNAA/de
Raa

T < Taa > dovP/dpr

Electromagnetic probes in ALICE

Sep 22, 2022 12/16



Neutral mesons in Pb—Pb collisions
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Prompt photon (and jet) production




Prompt photon production in pp collisions
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@ FoCal: more forward — lower x, huge reduction
of uncertainties on the gluon PDF.
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Isolated photon - jet measurements in Pb-Pb collisions

Powerful probe:

Current most advanced analysis in heavy-ion collisions in ALICE:
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Summary

Neutral mesons:
@ Benchmark for all photon analyses in ALICE

@ Information on particle production mechanisms using detailed
comparisons to model calculations

@ Decay photon background for direct photon measurements
Prompt photons:
@ Probing the proton and nuclear PDFs, as well as testing pQCD
@ First isolated photon - jet analysis performed
What is next?
© Build a consistent picture for light neutral meson production

@ Direct photons — under which conditions do we measure an
excess of low pr direct photons?

© Investigate jet quenching phenomena via gamma-jet measurements

Mike Sas (CERN) Electromagnetic probes in ALICE

Sep 22, 2022

16/16



Backup
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The ALICE detector

e ITS
e TPC
e EMCal
e PHOS
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Backup — all event displays

ATLAS _

EXPERIMENT

Run: 286665
Evant: 419161
2015-11-25 11:12480 cesT

R
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Backup — centrality
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Direct photon production sources

Definitions:

@ Inclusive photons: photons from any
source

@ Direct photons: photons not from
hadronic decays

@ Decay photons: photons from
hadronic decays

Q@ Yincl = “Vdirect + Vdecay

A Freeze-Out

time *

g

QGP,

& % z
&
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JACICE

Sources of direct photons

In all collision systems:
@ prompt photons

e dominant at high pr
e calculable within NLO pQCD

Additional sources in AA collisions:
@ Thermal photons

e Scattering of thermalized particles
@ Pre-equilibrium photons
e Production from the glasma phase
@ Jet-Medium interactions
e Hard partons scattering on QGP constituents
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