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‘Direct photons

Prompt direct
photons

Thermal direct
photons

Decay
photons

®

Direct photons — photons not originating from final-
state hadron decays but produced in electromagnetic
interactions in course of collision

“ Prompt direct photons: those
resulting from the interaction of
incoming nucleons

— Control of initial state, number of

binary collisions, structure
functions modification etc.

® Thermal direct photons: thermal
radiation of hot matter

— Test temperature, collective flow

development, space-time
dimensions of hot fireball

“ Decay photons: photons from
decays of final-state hadrons

Photon yield

Decay

Thermal:
,._e-E*rl’T

Prompt
-.:IJan

p; (GeV/c)
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‘ Real vs virtual direct photons

E, - Y o e Ev/Ter Real photons:
i " Integrate contributions from pre-equilibrium
p % xT phase till hadronic gas freeze-out
flow

= Thermal contribution significant at p.<3 GeV/c

" Slope strongly affected by collective flow

Virtual photons:

“ Low-mass dielectron pairs: relate to real photon
yield with Kroll-Wada formula

“ Intermediate mass region: test true temperature
without blueshift
— May contain pre-equlibrium contribution
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Possibilities to measure direct photons in ALICE %

Statistical subtraction:

= Measure inclusive photon spectrum
in large acceptance calorimeters
EMCAL, DCAL or precise
calorimeter PHOS or via Photon
Conversion Method (PCM)

o e~ oty = Measure neutral meson spectra
0ill & /8 (m°m, o, ...)

= Subtract estimated decay photon
yield from the inclusive one

e

Virtual photons:

® Measure dilepton invariant mass
spectra

® Subtract combinatorial background

“ Decompose into meson and direct
photon contributions
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Direct photon yield in Pb-Pb at Vsyny=2.76 TeV

. o - ALICE Preliminary .
> 108 =
Impr.ove.d results from the previous 3 175 b Ph o= =B TETEY
pUbllcatlon (PLB 754 (2016) 235'248) :_-;.. 10255 \I]O_‘]OO/O combined ?E
J Larger statistics : 20M events in 0-10% Nf: %: 10k E20—48?Dc§£bmfd 5
; : . Q f L — Xlan 3
< Data-driven material budget correction i e PDF: CTEQBMS, FF: GRV]
< E W. Vogelsang et al. =
(JINST 18 (2023) 11, P11032) §10°E J. Phys. G 23 A1 4
Agree with NLO calculations scaled with 102k \ \ 3
Tan at high pr>4 GeVl/c 10k N, b
Excess of direct photon production 10—{g o oot o “m i E
beyond pQCD oo _ g Rec szt FEN L 1
In general measured yield is higher than 10%F 0 Limpretal e N4
predictions (thermal + pre-eg. photons) 107 — - HvanFeesetal 3
. . . . g Nucl. Phys. A 933 (2015) 256 3
though agree within uncertainties D Y S S
1 p. (GeVic)

I'.II Dmitri Peresunko Hard Probes 2024 S

\ \Y 4



Measurement via dileptons

‘T'_’ T ik T | T T T T I T T T T T | T T
> 0-10% Pb-Pb ys\,=5.02TeV & Cocktail (N_)-scaled HF)
0} 02<p  <10GeVic |n[<0.8  mmcocktail (RS -modified HF)

Hint for an excess at low m__

00< pT,ee <8.0GeVic —Light Flavor w/ p — e*e”, e'e X

Jy — e'e, e'ey
—cCC — e'e” (<Ncoll>-scaled)
—bb — e'e" ((N OII)-fzcaled)
‘e (Rya - -modified)
o2~ ¢ -modified)

J Consistent with additional thermal
radiation from the medium

Need to control heavy-flavour
background
o DCA_, studies in Pb-Pb

\
arxiv:2308.16704 /%é%

No significant excess at intermediate -
mass range 1.1<m_<2.5 GeV/c? ofF 2 =
Extract fraction of direct photons by S 08 E
fitting the m__ spectra 45 fg :
(m_, < 0.4 GeVic?) 380 _:
Mg (GeV/Cg’)'5
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Direct photons in pp collisions at Vs=13 TeV

arxiv:2308.16704 arxiv:2308.16704
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'O>10: ’ EData = Zu?‘ Q'_101:_ ’\‘ —]
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- £ ] N E ]
L dir ] N L 1. n
B _;LF o ‘_2‘1’ 10—2 ? *.}\\ é
L W =0.025+0.013 (stat.) _ S E ]
g +2/NDF = 10.67/4 E 10%L__C-Gale etal., PRC 105, 014900 ... _
F 4 E — Total ,Ydirect A E
r h C ---Prompt (FF: BFG2, nPDF: nCTEQ15-np) “N_ "=~ =
= N F —Pre-equilioium SO\ e
10 N 1074 & — Thermal (QGP + Hadronic gas)
= E T ST NN S G T T N T T T e, ST
E 3 1.4 =
C N 1.2 3
L ] e | e =
T8 0.8F =
1 0—2 — — = |£ 0.6 E €
= ] 0.4& + 3
: I I l 1 1 l 1111 | | I 111 |: O'(2)E_ 1 _:
0 0.05 i1 015 02 025 03 035 04 0 1 2 3 4 6
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“  Direct photon spectrum measured at low pr
“ Data can be reproduced by the model with thermal contribution

®
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Direct photons in Pb-Pb arxiv-2308.16704

‘g I T IIIIIII I T IIIIII| I I IIIIII|
.10 & ALICE, 1.0 < p. < 5.0 GeV/c =
5 [ [®]Pb-Pb, \s\ = 5020 GeV .
5 - [}]Pb-Pb, Vs\n = 2760 GeV (PLB 754, 235) .
. < C.Gale et al., PRC 105, 014909 5
Improved results in Pb-Pb © 1= FF: BFG2, nPDF: nCTEQ15-np é E
. - _ = —Pb-Pb, \s\y = 5020 GeV -
collisions at vVsww= 2.76 and o b-Pb, o - 2760 GoV ]
5.02 TeV 101 — AU-AU, Sy = 200 GeV _
Agree with both STAR and : -
PHENIX o2 i i}
1078 STAR, 1.0 < p_<3.0 GeV/c |
= [=]Au-Au, {s\y = 200 GeV (PLB 770, 451) 3
- PHENIX, 1.0 < p_ < 5.0 GeV/c ]
- Au-Au, sy, = 200 GeV (arXiv:2203.17187)
1074 pp, Vs = 200 GeV (PRC 91, 064904) —
i pp fit X Taa, Vs =200 GeV =
C [ [ Ll i
1 10 10 10°
dNg/dnl,
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Direct photon Bose—FEinstein correlations

CF No need to select direct photons:

A 9 Decay-decay, decay-direct
Decay photons: correlations have tiny width (~1 eV)
o<lev and not visible

Sirect bhotons: 4 Correlation stength reflects
oeo ey proportion of direct photons

2

Ndir B
Ni;r)‘l/cl ~ 10 ’

Y

dir ].
> A, ~=
q v2

. 1,5 o > : s :
Variables: KTZE(p1+p2)T Qrows=|Di— Dyl in Longitudinally Co-Moving System
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Direct photon correlation function %

A(1+AEXP(_CI2R2>+G Cont+aBEﬂn<C];Emr_1)+aFlow<C2Flow_ 1))

contam

Q B T T | T T T | T T T | T T T T | T T T T

| I = ALICE Preliminary
Template fit T Pb-Pb, |5 = 5.02 TeV, centrality 0-10% ]
<4 Contamination: photon conversion, ey 0.85 < Ky <045 GeVie e
hadron bremsstrahlung, residual - + Contam.

1.003

correlations in resonance decays
< Direct photon BE correlations

2 Residual correlation in decays of BE i
correlated 7° (negligible in this Kt bin) 10014

29 Long-range (flow and jet) correlations

1.002

1,5 - > o
Ke=2(p1*+P)r  Qrows=|P1— P
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Correlation radius

Hydrodynamic calculations:
Pb-Pb: O. Garcia-Montero et al., Phys.Rev.C
102 (2020) 2, 024915

Correlation radius R.cus IS an average Au-Au: D. Peressounko, Phys.Rev.C 67

of all 3 source radii T F AR B AL R
. . : © [ ALICE Preliminary e Centrality 0-10%  _
Correlation radius shows minor K %12_— Pb-Pb, (. = 5.02 TeV = Centrality 30-50% —
dependence o L u
q L ] ] 10[— — Ricus) Au-Au, estimated  —
No significant radial _flovy or interplay of S N N - Ricay, Po-PD, estimated -
early and later contributions? 81— —
Agrees with estimated radii from hydro o E
predictions B ! { . ]
9 Theoretical curves were stimated by e Sl T — e — E
averagind of published Rou, Rside, Riong radi e E

:I | 1 | I 1 | 1 1 I | | 1 1 | 1 1 1 | | | 1 1 | | 1 1 1 I:
0.2 0.3 0.4 0.5 0.6 0.8

K (GeV/c)
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Direct photon excess

o~ - I I I I I 1 I | I I I I I I I I I -
@ ©  ALICE Preliminary .
1.5 Pb-Pb, {sy\ =5.02 TeV C. Gale et al., Phys. Rev. C 105, 014909 =
C = == H_van Hees et al., Nucl. Phys. A 933, 256 ]
14 - e 0-10%, Cz(qLCMS) ------- P. Dasgupta et al., Phys. Rev. C 98, 024911 L 1
“*F 8 0-20%,realphotons, PCM  wmma, O. Linnyk et al., Pys. Rev. C 92, 054914 -
~ = 0-10%, Dileptons, arXiv:2308.16704 _
1.3 3 g
7 £ . e :
: ’ Il)| \ I OF " "}' ) 2]
1.1 — e | —~
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B —_— e -
I o e :
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) el p_ (GeV/c)
dir N
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BE correlations provide
possibility to measure
direct photon yield with
unprecedented accuracy

In the overlap region
measurements are
consistent with measured
with PCM subtraction
method

At low pr measured direct
photon yield is larger than
predictions by factor ~2
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Direct photon spectrum

ALICE Preliminary

(GeV2c?)
/H

//
y::

Extended measurements
down to 250 MeV

Methods provide
consistent results in the
overlap region

Measured spectrum o=
exceeds predictions at low

[y
o

T TTTIm T TTTT T IIIIIII| T IIIIIII| I IIIIIII| T IIIIIII| T TTTT

® (0-10%, CZ(qLCMS)
== 0-20%, real photons, PCM

—_

1

dgNy dir
N, 27rpTd yde

—
<

-~
:;/
Coonl o vl vl vl vl vl

-3
10 C. Gale et al. Phys. Rev. C 105, 014909 (2022)
pr by factor ~2

= = == H. van Hees et al. Nucl. Phys. A 933, 256 (2015) [ogd

10—4 ........... P. Dasgupta et al. Phys. Rev. C 98, 024911 (2018) $§
------- O. Linnyk et al. Pys. Rev. C 92, 054914 (2015) %h‘“

10—5 1 Lo 1

1

Dmitri Peresunko Hard Probes 2024 13



Conclusions

ALICE provides measurement of direct photon spectra
with several independent approaches

Direct photon spectra were measured in Pb-Pb collisions
with two available energies

Consistent scaling with N¢, at high pr was observed for
all collisions

Direct photon Bose-Einstein correlations were measured

= Correlation radius is consistent with hydrodynamic model
predictions

2 Direct photon yield was estimated with correlation analysis,
consistent with other measurements
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1 PNT
N, 2mp dydp_

(GeV2c?)

S 53
T

=) 3

S

T
s ALICE Preliminar y <
N Pb-Pb, |5 = 5.02 TeV, centrality 0-10% ]

0.35 < K7 < 0.45 GeV/c -

e Data
= Contam. =

16
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Talks and Posters to have a look

Jerome Jung, «Direct photon measurement in small systems and thermal radiation
from QGP with ALICE»,

talk in session 16, 12:10

Gustavo Conesa Balbastre, «Measuring isolated prompt photon production in small
and large collision systems with ALICE»

talk in session 28, 9:00

Emma Charlotte Ege, «Performance of the dielectron analysis in Pb-Pb collisions in
Run 3 with ALICE»

poster #74

Florian Eisenhut, «Dielectron production and topological separation of dielectron
sources with ALICE in Run 3»

poster #44
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‘ Backup slides
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