Isolated photon measurements with the ALICE %
electromagnetic calorimeter at the LHC Run 1 and 2

pp, p-Pb & Pb-Pb collisions
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Probing the QGP in heavy-ion collisions %
ALICE

= |n heavy-ion collisions at the LHC, a dense, hot and strongly interacting coloured QCD medium is produced
— the “quark-gluon plasma” (QGP)

= The ALICE experiment aims at the characterisation of the QGP (temperature, energy density, etc., the
equation of state) via the measurements of different types of probes

= Hard probes: high-E partons (quarks and gluons) and electroweak particles
(v. Z° & W=) emitted in the first stages of the collision:

— “bullets” passing through the QGP

@ Partons lose energy via radiational (gluonstrahlung) or collisional processes P
— “jet quenching”

® v, 2% & Wt are colourless: not affected by the QGP
— Candle particles
— Associated with a back-to-back parton




Observation of QGP effects: The nuclear modification factor %

ALICE

= Consequence of jet-quenching: modification of jets and high pt particle production cross sections
with respect to pp collisions

= Qbservation via the nuclear modification factor If no QGP, a Pb-Pb collision
IS roughly Ncoi X pp collisions

| d,, / dpy d)

e :
(Neon) d%0,,,, / (dpr dn) &--& 0-10% 1572+ 17

10-30% 7837
I 30-50% 265+ 3
Raa > 1 Generation in the medium: Thermal y *® 50-70%  65.9+ 1.2
Raa = 1 Transparent to the medium: Prompt y &h- 70-90%  10.9+0.2
Raa < 1 “Suppressed” by the medium: Coloured partons — 502

Sy = 5.02 TeV

= Collision centrality (impact parameter b) variation: Change of the QGP volume — change of Raa
@ Higher centrality (larger b) implies smaller modification of the hadronic cross section
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Photon sources probing the QGP

« Direct vy, not originating from hadronic decays

= Direct thermal y: R, , >> 1

— QGP thermal radiation
— Measure T & time/size evolution
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Photon sources probing the QGP

ALICE

« Direct vy, not originating from hadronic decays

= Direct thermal y: R, , >> 1
— QGP thermal radiation

— Measure T & time/size evolution Yhermal e
= Direct prompty: R,, ~ 1
— Initial hard scattering, processes at LO: QGP o Zﬁ;‘;’: é
( q 4 q 14 \ l A Parton i Parton B | B
v: no E loss
,\f\f\/\ﬂ E Thermal Prompt
~e-EyiT ~1/pr
\ggg@gé Ythermal Ythermal e
g q q g 3~4 pr (GeVic)
Compton Annihilation
- - dolsr, = f14(x1. 07| @[ fy 5. 07| ®| doir (31, 5, 07| @|D, (2. 07
— Test pQCD predictions, constrain (n)PDFs & FF AB—h —|JalA\*1> b/B\2> ab—c\ X1 X2 c—>h\%s
> Cold nuclear matter (nPDF) effects can lead to R, # 1 PDFs Hard scattering (pQCD)  Fragmentation function (FF)
— pl =~ pP"°" before parton loses AE in QGP

— Measure FF modifications, where is the AE radiated?

Main focus of toda Y's presewtatiow!
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Photon sources probing the QGP

ALICE
« Direct vy, not originating from hadronic decays
= Direct thermal y: R, , >> 1
— QGP thermal radiation
— Measure T & time/size evolution Ythermal e
Mesons decay
= Direct prompty: R,, ~ 1
— Initial hard scattering, processes at LO: QGP é
: q 4 q 14 ‘ l A Parton ) Parton B I B
v: no E loss
/\/\/\}\}\‘ a Thermal Prompt
~e-EyiT ~1/pt
Ythermal Ythermal -
g q q g e 3~4 pr (GeVic)
Compton Annihilation
i - dolsr, = f14(x1. 07| @[ fy 5. 07| ®| doir (31, 5, 07| @|D, (2. 07
— Test pQCD predictions, constrain (n)PDFs & FF AB—h —|JalA\1> b/B\N2> ab—c\X1> %25 c—>h\%s
b Cold nuclear matter (nPDF) eifects can lead to R, # 1 PDFs Hard scattering (pQCD)  Fragmentation function (FF)

— pl =~ pP¥" before parton loses AE in QGP

— Measure FF modifications, where is the AE radiated?

- Decay v (7" & n): R, , << 1
— Main background for direct y measurements
® Nprompt/ Ndecay ~ 0.01 (pp)

INFN LNF seminar | 18/06/25 | G. Conesa Balbastre



Photon sources probing the QGP

_ S , ALICE
« Direct vy, not originating from hadronic decays
Direct thermal y: R, , >> 1
— QGP thermal radiation
— Measure T & time/size evolution Vthermal
Mesons decay
= Direct prompty: R,, ~ 1
— Initial hard scattering, processes at LO: QGP é
: q 4 q 14 ‘ l A Parton i Parton B I B
v: no E loss
/\}\/\l\f\, L( Thermal ~ y f;%:gt
\gggé{é Ythermal Ythermal e Fragment.
9 q q 9 . 3~4 pr (GeV/c)
Compton Annihilation
ot - Ao, = fuait, O)| @[ fylz, 0| ®)| ol (31, %, 0P) @Dz, 0)
— Test pQCD predictions, constrain (n)PDFs & FF OpaB—n —{JaiaA\ X1 bIB\X25 0 1b—c\ A5 X2 c—>h\&s
b Cold nuclear matter (nPDF) effects can lead to Ry, # 1 PDFs Hard scattering (pQCD)  Fragmentation function (FF)
— pl =~ pP¥" before parton loses AE in QGP
— Measure FF modifications, where is the AE radiated? = Other direct y sources:
. Decay y (ﬂo &n): Ry, << 1 — Fragmentation y: R, , < 1 ? comparable yield to direct prompt vy
— Main background for direct y measurements — QGP pre-equilibrium y? R, , > > 1 (glasma phase)
® Nprompt/ Ndecay ~ 0.01 (pp) — Jet-QGP interaction y? R, , > > 1 (hard partons scattering)
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How to measure and identify prompt y in ALICE?

* For the measurements presented here:

= Calorimeter, EMCal/DCal:

— PDb/scintillator towers (6 X 6 cm)
— 4.4 m from the interaction point

- |n| <0.67 for Ap = 107",
0.22 < |n| < 0.67 for Agp = 60° (DCal);

— ldentification: EM shower dispersion
- E, > 700 MeV

— Photon and jet trigger
— LNF and LPSC contributed to this project

v identification combining tracking+calorimeter
= |nclusive y: Charged particle veto

= Prompt y: Isolation (next slides)
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= Tracking, TPC & ITS
— |n] < 0.9 for Ap = 360°
— E, > 100 MeV

ALICE




e W i
DN /)

-!““\
;‘:ié‘ fl pr ///
EE-HMLJ X

T % W
W .- {

P A

ol




Prompt v identification in ALICE: EM shower spread shape %

ALICE
2 i
ke i
O i
EM shower discrimination L [ L
v single vs merged decays - i o2
O | ong
= EMCal - s
. 5
= Shower elgngatlo.n Ciong
longest ellipse axis size
= circular = circular narrow = decay y merge, £ _, > 6 GeV
“narrow” clusters, potentially elliptical “wide” cluster
cluster wider due to jet
particles nearby
merging
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Prompt y identification in ALICE: EM shower spread shape & isolation with tracks

Prompt y at LO 2-2: isolated

= TPC+ITS charged tracks

= Select y with low hadronic activity in

R, small ps <"

\/(ntrack - 77;/)2 + (qgtrack - %)2 <R=04or0.2

p%so, ch _ Zp{facks in cone — PUR - - R2 <1.5 GeV/c

3k Underlying event (UE) subtracted
event-by-event, pp density estimation

EM shower discrimination

v single vs merged decays

= EMCal

= Shower elongation g
longest ellipse axis size
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Prompt y identification in ALICE: isolation with tracks

_

Prompt y at LO 2-2: isolated

= TPC+ITS charged tracks

= Select y with low hadronic activity in

R, small p,irso’ ch

\/(ﬂtrack - 77;/)2 + ((ptrack - C”y)z <R=040r0.2

tracks in cone
2Pt

Collisions

pise M = —pug -7 R*<1.5GeV/c

_"5

3k Underlying event (UE) subtracted
event-by-event, pr density estimation

LHC, pp — v + X @\/s=14 TeV, y=0

. solated Non Isolated |

LHC, pp —v__+X @\/s=14 TeV, y=0

Non Isolated Non Isolated

(R =04, E?* <4 GeV)
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® 03 Freigr2rniziijor y D. D’Enterria & J. Rojo @
0.2 Nucl. Phys. B 860 (2012), :
0.1 arXiv:1202.1762 [hep-ph] 0.1
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After isolation: Compton process dominance, 10-15% fragmentation photons!
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http://dx.doi.org/10.1016/j.nuclphysb.2012.03.003
http://arxiv.org/abs/1202.1762

Prompt y identification in ALICE: isolation with tracks

Prompt Y at LO 2—-2: isolated Fragmentation y
= TPC+ITS charged tracks "'_ '

= Select y with low hadronic activity in

R, small ps <"

14 < p.< 16 GeV/c
—e— Data, wide cluster

: ——o— PYTHIA 8 y—jet, narrow cluster
10 5 —e— PYTHIA 8 jet-jet, wide cluster
; ' ! ! — ] ' ! '

= Strong effect in central Pb-Pb

\/ (Mirack — 77},)2 + (Prack — qoy)2 <R=040r02 g
p%so, ch _ Zp{facks in cone __ PUE - T R2 <1.5 GeV/c §
3k Underlying event (UE) subtracted ; -
event-by-event, pyp density estimation L Isolated gy Non Isolated | Non Isolated LNon IsolatedJ
ALICE-PUBLIC-2024-003
= Strong neutral meson s B epersiee 3 i oo e
background rejection S 08l - @ @ skl g -
® Remaining cases: parton 0 T - ~55%§ e of* .
fragments into meson plus few £ *°F oo RS E
low pr particles — low p* oh Soar — ~30%) ne0ar 2

in signal rejection due to UE g 1E RN | S e
fluctuations = 0.5 DD o o= o T — el b -
< 5>(<)1O‘1 1 1.5 2 3 4567810 20 30 40 107 1 1.52 3 4567810 20 30 40

iso, ch
T

p's° N < piTSO’ “_max (GeV/c) p

< pif°’ “max (GeV/c)
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Underlying event estimation}________
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Prompt vy identification in ALICE: EM shape & isolation
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Isolated if p.** <" < 1.5 GeV/c with R = 0.4 or 0.2

Symmetric in PYTHIA 8 y-jet process simulation

In data, more asymmetric and less peaked
distribution due to jet contribution

Wider for R = 0.4 due to UE fluctuations
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Prompt y identification in ALICE: EM shape & isolation

S 8- ® . Pb-Pb, 30-50% ALICE
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» Embedded pp PYTHIA 8 y-jet process . Select as y clusters with

simulation into MB data, symmetric distribution

* In data, more asymmetric distribution due to jet
contribution

» Significantly wider distributions for R = 0.4 due

to UE fluctuations “* pp:
- 0.1 <07, 55 <03

* Pb-Pb:
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https://cds.cern.ch/record/2910556
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Prompt vy identification in ALICE: EM shape & isolation

. Isolated .
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Isolated if p.** <" < 1.5 GeV/c with R = 0.4 or 0.2

Embedded pp PYTHIA 8 y-jet process
simulation into MB data, symmetric distribution

In data, more asymmetric distribution due to jet
contribution

Significantly much wider distributions for R = 0.4
due to UE fluctuations
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« Visible bands for y (narrow clusters) & 7V (wide clusters)
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Purity

* Purity, ABCD method: Phase space of calorimeter clusters divided in
4 regions: A, signal dominated & B-C-D, background dominated

Data driven
NIO/NisO SO0 i g ip (RISOTION 4 it (is0,TSD
P=1- S— X Npw' 0= jet-jet (B w™°) + v-iet (Spw )
1SO 1SO .
NGO ING data (al%mg cluster n: narrow, w: wide)

= Semi data-driven approach,
simulation used to correct

correlations between
1s0, ch

2
P and Olong
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Purity, pp vs =13 TeV
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* Purity, ABCD method: Phase space of calorimeter clusters divided in 25 GeV/c=P%§,_?mn

ISO

4 regions: A, signal dominated & B-C-D, background dominated 1.5 GeVlc = PT. max A b (B
Data driven Nn NW
Niso/Niso 150,150 4 : is0,i50 . . Qis0,is0 ‘
pP=1-— n__ 0 X Npw' 0= jetjet (B ™) + y-jet (Spw™) 0.1 ofax.sig  min, bke Chaxbkg O |2
/N1so / NJ1so 2) _ =03 =04 ong
witwe S (along cluster n: narrow, w: wide) ' '

. . Q1 _O | | | | | | | | | | |
) - a
Seml d.ata driven approach, 09l ALICE,pp Vs=13TeV il
simulation used to correct 1] <0.67 o [ 11—
. O 8_ ] _
correlations between el — .
0. ch ) 0.7L e S 7. » Reduce the influence of
Pr and oy, 0l oo : statistical fluctuations with
=l _ sigmoid function fits
0.5 4 -
0.4_— /@/ - -
- 7] R=04,p""<15GeV/ic -
0-3__ / ¢ Statistical uncertainty |
0.2 /é Systematic uncertainty _
- — Sigmoid fit func., 7 < pi <30 GeV/c A
0.7 = — Sigmoid fit func., 30 < p! < 160 GeV/c |
| |1 I ] | ] | | | 1 | |
007810 20 30 40 10°  2x10°
pﬁ (GeV/c)
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Purity, Pb-Pb /5.y =5.02 TeV
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* Purity, ABCD method: Phase space of calorimeter clusters divided in 4GeVIc=pi|§,_?nin

ISO

////////////////////////////////////////

,o_yr (GeV/c) ALICE-PUBLIC-2024-003

p_yr (GeV/c)

4 regions: A, signal dominated & B-C-D, background dominated 1.5 GeVie = PT, max I A . B
Da_ta driven \ Nn NW
p—1— Ng/Nfl:: ) X ! . NIilS"\%Rz jet-jet (BIIlSSV’E) + y-jet (Sllls\(;,’ﬁ) 0.1 G?nax,sig ar2nin, bkg 0r271ax, bkg 0'|%n
NSeING® ] (aﬁmg cluster n: narrow, w: wide) @ =03 =04
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0.6 : = ﬁ- == _ . sigmoid function fits
LA s D — = g > Higher purity in central vs
0.4F AL ' peripheral collisions due to
T 1F R=02 R=04 neutral meson background
0oL 56-Pb. 0—10% 4l ¢ & Stat. unc. suppression due to QGP
y ’ . 1F Syst. unc. » Higher purity in central collisions
10 20 30 40 10° 10 20 30 40 107 for R=0.2 vs R = 0.4 due to

lower UE fluctuations in p_* ch
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Eff|C|ency, R=0.2& 0.4, pp & Pb-Pb , /sy =95.02 TeV
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. ISO (0-10%) < SISO (70-90%): UE fluctuations (plso My and cluster size increase (ol%mg) (see backup)

¢ In Pb Pb, 8180 (R 0.2) > 8180 (R = 0.4) a factor ~0.9 due to lower UE fluctuations (pISO chy
e Inpp, & 150 (R 0.2) = ISO (R 0.4), due to the less performing ITS-only tracks (TPC+ITS in Pb-Pb)

ALICE




ALICE

Inclusive iIsolated-y production cross section
In pp collisions

13 TeV: Eur. Phys. J. C 85 (2025) 98, arXiv:2407.01165
7 TeV: Eur. Phys. J. C 79 (2019) 896, arXiv:1906.01371
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= Different isolation parameters in LHC measurements:

= The only way to compare experiments is via the ratio to the theory using the same isolation condition
= NLO pQCD predictions (JETPHOX) and data agree in the three experiments
= Agreement between LHC experiments

= ALICE measures significantly lower pt than CMS and ATLAS at \/E = 13 TeV, small overlap
= ALICE measures lower pt than CMS and ATLAS at \/_ = 7 TeV, but more overlap
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ALICE

Inclusive isolated-y production cross section in
pp collisions at pp Vs =8 TeV &
p-Pb collisions at Vsyn= 5.02 & 8.16 TeV

arXiv:2502.18054
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= NLO pQCD predictions
(JETPHOX) and data agree
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Nuclear modification factor Rpa
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* Rpa In agreement with unity
o No suppression at high pr, agreement with ATLAS

o Hints of lower than unity for pt < 20 GeV/c, expected in theory, cold nuclear matter effects, shadowing
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Inclusive iIsolated-y production cross section
in pp & Pb-Pb collisions at Vsnn = 5.02 TeV

Eur. Phys. J. C 85, 553 (2025), arXiv:2409.12641, Supplementary note ALICE-PUBLIC-2024-003
Published Last wmonth!
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Cross section, pp & Pb-Pb at , /s,y =5.02 TeV
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 NLO pQCD predictions (JETPHOX)

= Note: Theory calculated for 0-100%, PDF (pp) & nPDF X N__;, (Pb-Pb)
 Theory & data agreement for both R and collision system
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Data over theory, R= 0.4, pp & Pb-Pb at , /s,y =5.02 TeV
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Cross section R ratio, pp & Pb-Pb at 1/
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* Not shown (backup): ATLAS pp \/E =13 TeV, for pt > 250 GeV/c
JHEP 07 (2023) 86 arXiv:2302.00510
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Cross section R ratio, pp & Pb-Pb at , /s,y =5.02 TeV
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* Not shown (backup): ATLAS pp \/E =13 TeV, for pt > 250 GeV/c
JHEP 07 (2023) 86 arXiv:2302.00510
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV %
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Nuclear modification factor Raain peripheral Pb-Pb at , /51y = 5.02 TeV: %

Centrality election bias Charged particles, Z° (CMS, ATLAS) & isolated ALICE
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV %
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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ALICE

Isolated-y hadron correlation Pb-Pb collisions
at Vsnn = 5.02 TeV

Prelimiina ry results
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Isolated y-hadron correlations in Pb-Pb at , /s, =95.02 TeV, R=0.2

« Prompt y associated to a parton emitted in opposite side

- Tags the parton initial energy p. ~ gar“’“, before losing AE in QGP

= Aim: Measure jet fragmentation function modifications, where is the AE radiated?
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Isolated y-hadron correlations in Pb-Pb at , /s\ = 5.02 TeV, R=0.2

« Prompt y associated to a parton emitted in opposite side ~
N\
- Tags the parton initial energy p. ~ pga“"“, before losing AE in QGP -
= Aim: Measure jet fragmentation function modifications, where is the AE radiated? N

—
* QObservables: Larli%__
' . i : trigger QGP
= Trigger: isolated narrow or wide clusters, 18 < p; < 40 GeV/c | parton
i

© R=0.2 & pk° " < 1.5 GeV/c: Higher isolation purity and efficiency in central collisions

= Azimuthal correlation: Agp = @18 — Ak puack > 0 5 GeVie

1 d Ntrack track
= Per trigger yield D(z1) = Nrieer 4 for tracks in | A@| > 3/5z rad (mirrored) with Zr = tﬁgger
! p
@ When trigger = prompt vy, D(zy) Is a proxy for the jet fragmentation function ! Jet tracks
D(z+) D(z) Away side
= Study D(z;) modification due to jet-quenching via I, , = “T) Pb-Pb ., AT/ Pb-Pb

D(zr) D(z1) NLO pQCD
(similar to Raa but no need of Ncoi, per trigger yields) pp pQ

Near side




Isolated y-hadron correlations in Pb-Pb: Azimuthal distribution %
T

« UE in A@: uncorrelated tracks shift up 3
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Isolated y-hadron correlations in Pb-Pb: Azimuthal distribution

20<p71<25GeV/c&0.2<zr<0.3

&b
&-
< 0.30

- UE in Ag: uncorrelated tracks shift up
the distribution

iso . 2
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;
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Isolated y-hadron correlations in p-Pb & pp, R = 0.4: D(zy) %
ALICE

Phys Rev C 102 (2020) 044908

Previous published results in p-Pb and pp collisions S .a'L - | | : | o
p P PP g 10 F 1{ + X /(;u;f 29. 1/1708 GO\/7/6
i < <
= Agreement between systems and with PYTHIA mi i e 19 5 p < 40 GgV/g
-O \ *
N|— \\'\ ‘
S 1. -
<|=" 10" = -
: \L\\L ’
= Note: Pb-Pb collisions measurement (next slides) i T J'
done in different pr ranges and is compared directly - * p-Pb g* ) ? (S *
_— 4| " PP -
to pQCD predictions 10° = -~ PYTHIA 8.2 Monash ; E
- ALICE, . /7 5.02 TeV | :
2.5 c=0.84+0.11£0.19"
ﬁ 2.0 o P = 0.55"
1 ++ + _
0.0 0.1 0.2 0.3 0.4 0.5 0.6
_ h/ 4
21 = P+/P;



https://link.aps.org/doi/10.1103/PhysRevC.102.044908

Isolated y-hadron correlations in Pb-Pb: D(zy)
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Phys. Rev. C 103, 034911,

« Pb-Pb data compared with theory:(NLO pQCD] and(CoLBT (0-50% only)) °

Xie, Wang and Zhang,

= |n agreement with both models ® Phys. Rev. Lett. 103, 032302,
= Discrimination not possible yet Xle, Wang and Zhang
o Phys.lettB 777 (2018) 86-90 |

Chen et al.
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https://arxiv.org/pdf/1704.03648.pdf

I_ = \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ \ O =
N - ALICE preliminary 0-30% :
% i 0-30% Pb-Pb, |/s,, = 5.02 TeV :
g 10 - Iquy_I>gnlnyI<067 .
-g - f 18<p <4OGeV/c®p >0.5GeV/ic -
< \ :
© ™\

- 1 > —pQCDNLOpp -
o02 - ® Pb-Pb stat. unc. -
© i Pb-Pb syst. unc.
101
=10 - E
- - §
107 - 2pQCD NLO, E
- CT18A + EPPS21 nPDFs, KKP FFs, i
; -~ X.N. Wang and M. Xie i
10" = —CoLBT-hydro, ®+* @ E
- X.N.Wana et al. .
30— ‘ \ ] ] [ ! T
1510 Pb-Pb m” I,4: PQCD NLO (X. N. Wang and M. Xie) —
~ | pQCD NLO pp I,o: COLBT-hydro (X. N. Wang, etal.) -
D -
< -
oC

- Ratio with respect toINLO pQCD pp collision simulation: — A proxy for I,, =

Isolated y-hadron correlations in Pb-Pb: D(zy)
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» Clear modifications in data with respect to NLO pQCD pp simulation

» Comparison with /aa from NLO pQCDjand models — agreement
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Isolated y -hadron correlations IAAln central Pb-Pb: LHC & RHIC
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1 - ! I - I syst. unc. ]
i i 1 e :
I Q - * . Tngh pt hadron suppression, like hadron RAA
0.5 prorremeeei .f‘ """"""""" 1w  y R st RS - I | $ ]
- I rﬂ* = o ¥ - 0.5 frovreeeeees a: “* —
i ® ] - = _
0 — i ]
B | ! I ! ! I ! ! ! I ! lul I ! | i O i | I ! ! I ! ! I ! ! I ! ! ! | i

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

STAR, Phys.Lett.B 760 (2016) 689-696  PHENIX, PRL 111, 032301 (2013) Z1 CMS, Phys.Rev.Lett. 121 (2018) 242301, 2018 2T

0-12% Au-Au, \[s,, = 200 GeV y-jet, 0-10%
Ap - al=<14

12<p/ <20GeV/ic® p">1.2GeV/c
T T

0-40% Au-Au, \sy = 200 GeV CMS, Phys.Rev.Lett. 128 (2022) 122301, 2022
Z_hadron, 0-30% anti-k; jet R = 0.3, p* > 30 GeVic, [ < 1.6

Ag
y

7
|Aq02_h| >g pTZ > 30 GeV/c ® ,OTh >1 GeV/c |Aqoy_jet| > % m,n’| <1.44 pTy > 60 GeV/c ® ,OTh >1GeV/c

T x| < /2, |y| <0.35
5<p/ <9GeVic®0.5< pTh <7 GeV/c

Similar behaviour observed at RHIC and LHC experiments
= Note: not completely apple-to-apple comparisons!
= ALICE results closer to STAR and CMS Z-hadron that have closer kinematic and/or centrality selections




Summary

= Cross section

2k Data in agreement with NLO pQCD in multiple
collision systems &  /Snn

5k Lowest measured xt at mid-rapidity in pp

collisions at \/E =13 TeV

3k Ratio of cross sections for different R in agreement
with theory and within the different collision systems
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CMS (7 TeV, |y|<1.45)
CMS (7 TeV, |y|<0.9)

CMS (2.76 TeV, |y|<1.45)

p+pP) — 7 +X
y=0,n=4.5

DO (1.96 TeV, |y|<0.9) i

DO (1.8 TeV, |y|<0.9)
DO (630 GeV, |y|<0.9)
CDF (1.96 TeV, |y|<1)

CDF (1.8 TeV, |y|<0.9)

= UA1 (630 GeV, |y|<0.8)

(
® PHENIX (200 GeV, |y|<0.35) ¢ UA1 (546 GeV, |y|<0.8)
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Summary

= Cross section

¥k R, =~ 1, noy production modification by QGP

— but for 50-90% & 70-90%: R, 5 =~ 0.9,
agreement (1o0) with HG-PYTHIA, model of

the centrality selection bias

— PDb-Pb col. agree with nPDF prediction

% R,5 =~ 1 but hints decrease below 20 GeV/c as

expected by nPDF

y iSO
AA

Z° ratio to 0-90%

Q

1.3 —
1 _Qf— _f ALICE-PUBLIC-2024-003 ALICE
= 1 | Pb-Pb & pp |5y = 5.02 TeV
1 1:_ _: }/iso ALICE
E i Qf _ 20 < p# <25 GeV/e, In"1< 0.67
1B é """"" é """"" J. """""" 4| R=02 R=04
0 9:_ | B ¢ 6 Statistical unc.
L N Systematic unc.
0.8 = | Z°CcMS
N 0 Phys. Rev. Lett. 127(2021)102002
N 5 60 < m, < 120 GeV/c?, ly? < 2.1
0-7f — HG-PYTHIA 1|+ Statstint unc
0.6f  Phys. Lett. B773 (2017) 408-411 | | Systematicurc.
010 1030 080 o 70 109
Centrality (%)
18- = ALICE i =
- R=0.4, p'S°°h<1SGeV/C -1.17 < n* < 0.23 -
1 6:_ o ﬁ = 5. 02 TeV _:
{4 L® VSyy = 8.16 TeV =
1.2 + + + ! —
L O ® 1
- S | ¢ b e e T e E
R L a s  aat Y H -
| ® | _
08— | —
| ¢ —
0.6 ATLAS (PLB 796 (2019) 230-252) 7
- VS =8.16 TeV, -1.84 < n* < 0.91 .
0.4— ¢ |R=04, EX°<4.8+0.0042xE] GeV —
N | | | | | | | | | | | | | B
2 2
10 20 30 40 50 10 2x10 pl (GEV/C)



https://cds.cern.ch/record/2910556

Summary

ALICE
_ o ' ALICE preliminary :
= y-hadron corr. in Pb-Pb at , /sy = 5.02 TeV = L  Pbpb Pb—Pb, |/s, = 5.02 TeV N
g - "9°MOTpQCDNLOpp |5, | >3 m " <067 :
. - - - - \Q_ B y-h n
2k Very statistically limited, challenging! : 18 <p <40 GeV/c ® p]>05 GeV/c
T T 15 ¥ 0-30% stat. ~ syst. unc.
3k zp distribution significantly lower than pp NLO . . ! !
B » 30-50% stat. syst. unc. |
pQCD in central i ¢ 50-90% stat.  syst. unc.
2 [ S O e e e e, ]
2 FF modification: stronger for central compared to ] 2 | )
peripheral i ! T ]
| - 05 oo SR NSO SO B -
2k Results described by two models, model discrimination i | i | |
not possible yet i ]




ALICE

Thank you for Your attention and Your Lnvitation!

= Differential pt cross section
* pp & Pb-Pb at , /sy = 5.02 TeV Eur. Phys. J. C 85, 553 (2025), arXiv:2409.12641, ALICE-PUBLIC-2024-003

* pp at \/_ =8 TeV & p-Pb at 4 /syn =92.02 & 8.16 TeV arXiv:2502.18054, submitted to EPJC

* pp at \/E =13 TeV Eur. Phys. J. C 85 (2025) 98, arXiv:2407.01165

* ppaty/s = 7 TeV Eur. Phys. J. C 79 (2019) 896, arXiv:1906.01371
= |solated y-hadron correlation

* Pb-Pb at , /sy = 5.02 TeV, preliminary

INFN LNF seminar | 18/06/25 | G. Conesa Balbastre


https://link.springer.com/article/10.1140/epjc/s10052-025-13971-y
https://arxiv.org/abs/2409.12641
https://cds.cern.ch/record/2910556
http://arxiv.org/abs/2502.18054
https://doi.org/10.1140/epjc/s10052-024-13506-x
https://arxiv.org/abs/2407.01165
https://doi.org/10.1140/epjc/s10052-019-7389-9
https://arxiv.org/abs/1906.01371
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PIO-HADRON CORRELATION

Y: Yield of particles in region (jet) near trigger

particle or opposite

Ina = Y(AA) /'Y (pp)

Where is the lost jets energy”? With high-pr
hadron (1) trigger - associated hadron

correlations

= At high prassoc, hadrons moderate Enhancement for
Near side and large Suppression for Away side trigger

= At low prassoc, poth for Near and Away side~2-5

Enhancement!

)

d
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. —h
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1/Nyiy IN/dAG
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©
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8 < prtrig< 16 GeV/e
2.0 < p?_ssoc <4.0GeV/c

Corr. sys. unc.: 6.3%
[ |

l. " .
" e IELEILL o’ ._-i
i_...- '¢¢"....=..-.----- --------- ‘...-_.__I
B Near side g . _
- ALICE, Pb-Pb, Vsny = 2.76 TeV :
I B T B B BT R

—1 0 1 2 3 4
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d
—h —h
IR

1/Nyy dN®**°°/dAg (rad™)

O e
o N N O ®

L L L L
«ALICE, pp, Vs =2.76 TeV
N
8 < prtig< 16 GeV/e
2.0<pj_ss°c<4.0 GeV/c

Corr. sys. unc.: 3.3%

=== Background (ZYAM)

Near side

Awav Sside

>
5

)

O

ALICE, PLB 763 (2016) 238-250

Hard partons can lose most of their energy (jet and
away side suppression) in the medium which can
go to very low pr particles over all the event (away
side and near side enhancements)

N

ALICE




PIO-HADRON CORRELATION

Y: Yield of particles in region (jet) near trigger

particle or opposite E
2
Ian = Y(AA) 1Y (pp) .
Where is the lost jets energy”? With high-pr |6
hadron (1) trigger - associated hadron
correlations e
1.2

= At high prassoc, hadrons moderate Enhancement for
Near side and large Suppression for Away side trigger

= At low prassoc, poth for Near and Away side~2-5

Enhancement!

} [ T1 I_I | IIIIIIII | T 11 | L | T 11 | T 11 | T 11 | T 11 | 1T 1T 1]
< T ALICE, 0-10% Pb-Pb, (s =2.76 TeV |
5[ 8 < p‘T“g <16 GeV/c ]
- Away side ]
- # m-hadron (v_bkg) i
4__ |A(p-7:| <1.1 —
- ¢ di-hadron (v, bkg) |
- Ag-nt| < 0.7 .
3 .
oF Awayv side -
s Ly —
- 0 g g EH -
O_l I | I | I I | 1 1 1 | I I | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 I [ Il_

0 1 2 3 4 5 6

7 8 9
pj_ssoc (GeV/c)

ALICE, 0-10% Pb-Pb, {sy, = 2.76 TeV
B 8<ptT”g< 16 GeV/c
Near side (|A¢| < 0.7)

# 7'-hadron (v_bkg)
\ ¢ di-hadron (v2 bkg)

|

[——
(——e—mm |
—— ]
—
==

ass%c 9
p3 (GeV/c)

ALICE, PLB 763 (2016) 238-250

Hard partons can lose most of their energy (jet and
away side suppression) in the medium which can
go to very low prt particles over all the event (away

side and near side

enhancements)
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NLO, Data

Simulation, Data
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NEUTRAL MESONS
SPECTRA IN PP
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NEUTRAL MESONS IN PB-PB

Pb-Pb, Vsnn = 2.76 TeV, ALICE
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NEUTRAL MESONS SPECTRA IN PP
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Table 1: Cluster reconstruction and selection criteria. Description and discussion can be found in Ref. [80].

Cluster seed threshold Egeeq > 500 MeV

Cluster aggregation threshold Eaes > 100 MeV ALICE
Number of cells Neen > 1
N cells from highest E cell to SM border Noorder > 1

|Atcluster| <20 ns
F+ — 1 L Zcell Eadjacent to highest E < 095

Ehighest E cell

Cluster time - bunch crossing time

Abnormal signal removal

Charged particle veto (Pb—Pb only):
when Ecuster/p™* < 1/7
track—cluster 1) residual Anresidual 5 (0.010 + (piack +4.07) 2
track—cluster ¢ residual Agresidval 5 0,015+ (prack 4-3.65)2 rad
Acceptance:
Top section
Bottom section

81.2° < ¢ < 185.8° In| <0.67
261.2° < ¢ < 318.8° 0.25 < |n| < 0.67

int

Table 2: Trigger RF(;:;E (Eq. (8)) fits to a constant in Fig. 5—right, LT and LM (Eq. (9)), for pp and Pb—Pb

collisions per centrality class and per trigger inclusive cluster pt range. The ,%Iflnlf uncertainty contains both the

oo V%™ and rejection factor uncertainties. The integrated luminosity uncertainty includes in addition the (Neqy)

uncertainty.
Trigger System  pt (GeV/c) RthEgg ,Z;&g (nb~ 1) CZg:tlg (nb~— 1)
L1-y pp pr > 11 997 £+ 10 265 £ 7 265 £ 7

Pb—Pb:

MB 0-10% pr<12 1.189 £ 0.011 1869 £ 26
MB 10-30% pr <12 0.522 + 0.005 409 £+ 5
MB 30-50% pr<12 1.163 +0.010 308 &5
MB+L1-y-high 0-10% pr>12 450+02 250+002 3936 £ 55
MB-+L1-y-high 10-30% pr>12 792404 4904005 3834+ 51
MB+L1-y-high 30-50%  pr>12 179.3+15 5.01 £0.05 1325 + 21
MB+L1-y-low 50-710%  pr <12 722 +£1.2 3.5+0.5 230+ 5
MB+L1-y-low 70-90%  pr <12 315+ 13 362 +0.11 395+1.3
MB+L1-y-hightlow 50-70% pr>12 982+12 488+007  322+7
MB+L1-y-high+low 70-90% pr>12 410420  5.14+02 55 4+ 2




- @ Pb-Pb 50-90%: cross section and ratios
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https://cds.cern.ch/record/2910556

Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV

ALICE
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Cross section ratios in pp collisions

€0
o A

w

Isolated-photon cross-section ratio
o — N
@) —_ @) N @)

o

ALICE, pp, R = 0.4 arXiv:2407.01165
¢ Vs=13TeV/ Vs=7TeV (stat)

{s=13TeV: pij‘” hUE 15 GeV/c
(s= 7TeV: p‘j"’ YE <2 GeV/c, Eur. Phys. J. C (2019) 79: 896
Syst. uncertainty

B Norm. uncertainty: 9.8%

|
EEE
|

NLO (JETPHOX) NNPDF40/BFG Il FF, p < 2 GeV/c
Scale uncertainty pi/z <pu<?2 p?

‘.
—@
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

PDF uncertainty

N

w
'mm'cnoo'cn.l;'mcn
IIII|IIII|IIII|IIII|III

N

A

|solated-photon cross-section ratio

—

T[T T T T [TTT1
- > _|

LICE, pp, R=0.4
(s=13TeV/ Vs =5.02 TeV (stat.)

(s =13 TeV: p> " "< 1.5 GeV/c, arXiv:2407.01165
s =5.02 TeV: p'So " <1.5GeV/c
- D Syst. uncertalnty

[
]
Z
®)
=
3
c
-
@)
D
—
Q
-
—4=
<
w
N
BN
—o—

-®
L 2

NLO (JETPHOX) NNPDF40/BFG Il FF, p'S0 <2 GeV/c
Scale uncertainty o R<u<?2 p

_.
@
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

PDF uncertainty

40 50 60 7080

9 10 20 30 40 50 60 10 20 30
v
p (GeVic) /o_Vr (GeV/c)

O - ]
*§ AALICE, pp, R=0.4 =
c C ¢4 Vs=7TeV/ {s=5.02 TeV (stat.) .
-% 3.5F Vs5=7TeV: p™ "< 2 GeV/c, Eur. Phys. J. C (2019) 79: 896 —
Q C [5=5.02 TeV- p'SO " <1.5 GeV/c .
0 3 — | | Syst. uncertalnty ]
g o 5—_. Norm. uncertainty: 10% -
O [ _
- — _
49 2_ ® —
@) [ ® d | 7
5 . ® ® ® _
S 1.5 I -
5 - T ]
C_"E 1= NLO (JETPHOX) NNPDF40/BFG Il FF, p'SO <2 GeV/c —]
@ [ | Scaleuncertainty p!/2<u<2p! .
— 0.5 = PDF uncertainty —
u | I | | ]

50 60
p_yr (GeV/c)

—l
o

20 30 40

ALICE



https://arxiv.org/abs/2407.01165

dn (nb GeV™' ¢)
2 3

5 i
d“c™°" / dp!

—h I T
o 3 -
\S) N —_ o

—h
<
w

—
<
o

Cross section and purity at different /s

= ALICE =
: g :
i o pp, R=0.4 _
- - E'Em .
g =2 II:IIE!E mﬂﬂ g
B o = _
B I
B E o == ]
=  n = = —e— —— =
- [ = -
- e B - _ .
__ o —— .
E = _—_— E
3 —— E
Z — _
E_I | | | ] ] ] ] ] ] L1 | ] _E

8 10 20 30 40 10°  2x10°

pYT (GeV/c)

Data:
t Vs=13TeV, piTSO’Ch’ E<1.5GeV/c x 10
Eur. Phys. J. C 85 (2025) 98
{ Vs= 8TeV, pijo’ " <1.5GeV/c

NLO (JETPHOX) NNPDF40/BFG Il FF:

arXiv:2502.18054
Vs =
Eur. Phys. J. C 79 (2019) 896

Vs =5.02 TeV, p‘j"’ "< 1.5 GeV/c x 0.02

Eur. Phys. J. C 85, 553 (2025)
Systematic uncertainty

p$°< 2 GeV/c
Scale uncertainty p!/2 < u <2 pYr
PDF uncertainty

7 TeV, piTSO’ 5 <2GeV/c x 0.1

1
7 0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

rity

1
0.9
0.8
0 0.7
0.6
50.5
104
g,o.s
502

O
= 0.1
0

—jet + jet—jet)

: | | | | :
- ALICE, R=0.4 Data =
= T s it E
- | — P -
— 1@ 433 ol
— . ¢h L -
— oo el =
- L] L] -
- L IE 43 """""""""""""""""" =
— Q E:}.%? , 0 -
: #faft e é
= ) & pp, Vs =13 TeV, p» " "< 1.5 GeV/c -
- c Hﬁ o pp,Vs=7TeV, piTS"’ Y <2 GeV/c =
= K pp, Vs =8 TeV, piTSO’ < 1.5 GeV/c =
- R o pp, V5 =5.02TeV, p™ < 1.5GeVic,noCPV =
- ¥ | = Pb-Pb 50-90%, \[s, = 5.02 TeV, p|T "< 1.5 GeV/ex
7 8910 20 30 4050 10° 2% 10°

p_ (GeV/e)
N | | | | T _—'u%_:
= PYTHIA % eSS E
= == %—:
— | ' o Z
- . o -
— —— — —
— —0— 0 Z
T TTTTTTTomoTooooos _¢_+—U— “““““““““““““““““““ -]
[ 1 _
[ O ]
= e R=0.4 =
= = ¢ pp, Vs=13TeV, p=* "< 1.5 GeVic =
= %ﬂf pp, V5 = 8 TeV, p < 1.5 GeV/c E
= Y o pp,Vs=7TeV, piTS°’ YE< 2 GeV/c =
== ﬁf 0 pp, Vs=5.02 TeV, p‘j@ "< 1.5 GeV/c, CPV OFF -
- | = pp, Vs=5.02TeV, p= "< 1.5 G?V/c, CPVON =

7 8910 20 30 40 50 10° 2x10°

P, (GeV/e)




Isolated y purity in p-Pb collisions, R=0.4
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EMCal trigger performance, pp & Pb-Pb ,/sxy = 5.02 TeV %
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EMCal cluster shower lateral dispersion parameter %

ALICE
O Shower shape parameter 020ng is related to the longer axis of the cluster ellipse

O Parameter depends on cluster cells location and its energy
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o Forthe aﬁmg calculation: consider the neighbour cells around the highest energy

cell in a 5x5 fixed window

» |ncrease meson decay merging but limiting UE merging -



https://cds.cern.ch/record/2910556

EMCal cluster shower shape, pp & Pb-Pb /sy = 5.02 TeV
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EMCal cluster shower shape, pp \/E =13 TeV
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EMCal cluster shower shape, pp & Pb-Pb , /siy =5.02 TeV
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suy = 5.02 TeV

= 0.4, pp & Pb-Pb
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Isolation momentum in cone, pp & Pb-Pb , /sy = 5.02 TeV
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Isolation momentum in cone, different UE areas %
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Purity for R=0.2 & 0.4, pp & Pb- Pb\ﬁ =5.02 TeV
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Isolated y efficiency components, pp \/E =13 TeV
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Isolated y efficiency components, pp & Pb-Pb , /sy = 5.02 TeV
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Selection probability depending isolation threshold, R = 0.4,
pp & Pb-Pb , /sy = 5.02 TeV ALICE
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Pb-Pb 50-90%: efficiency and purity %
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy) %
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y cross section R ratio in ATLAS, pp /s =13 TeV

el S e — - ALICE

~ ATLAS 1[ NNLOJET (CT18):

=
o_ i E _ 13 TeV. 139 ! 4| (PDF and «  unc. from NLO JETPHOX) 4L .
n 1.2 = [- ™= NNLO QCD Q r -

1L == NLO QCD
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Figure 21: Measured ratios of the differential cross sections for inclusive isolated-photon production for R = 0.2
and R = 0.4 as functions of E% in different n” regions. The NLO (dotted lines) and NNLO (solid lines) pQCD
predictions from NNLOJET based on the CT18 PDF set are also shown. The inner (outer) error bars represent the
statistical uncertainties (statistical and systematic uncertainties added in quadrature) and the shaded bands represent
the theoretical uncertainties. For some of the points, the inner and outer error bars are smaller than the marker size
and, thus, not visible.
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https://arxiv.org/abs/hep-ph/0311131

Isolated y-jet correlations in Pb-Pb: x,; = Jet/p”, CMS %

V)
CMS antik;jetR=0.3, p’f‘ > 30 GeV/c, 'l < 1.6, 'l < 1.44, p. > 60 GeV/c, Ap > %" \Syy = 5:02 TeV, PbPb 404 ub™, pp 27.4 pb™ ALICE
o]Pble | 'Cle'nt'. 50-I idO;/; S 'ée'r{t.'éOI-IS'O;’/c; S Cent. 1'0I -'3'02’/; S ]ée'n't.'Ol -'1'0"’/;5
1.2F 151 pp (smeared) 1 1 1 :
1F T T T ]
Zcost 49 L g% L g% L g, -f
T IO : i I ¢ + I 8 I :
"|f 06 ? T + +$ “ R ® ¢© " + (] ¢ © ‘
o I ° : I ° *0 T g° w0 ?
02} 8 $4 I @ 0 T e e 8 *0 ?
0 0'&"7 --------- Q,AQ‘*"TT-.-."-.""‘0-.-0.'6.'...9"@-'7'-.1--.-'-.-..'.'."‘5.‘.'6-'7'.-.--'.---.-Q-Q'e'..‘
0.5 1 1.5 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5
Xjy = pJ: t/pj/r Xy = pjet/ P+ Xy = pjTet/pyr Xy = pJTe t/p}(r
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trigger y in central collisions

@ Jet energy is shifted down
@ Energy loss of quarks in the QGP
= Reproduced by different models, “Hybrid”

model seems best in central collisions



https://arxiv.org/pdf/1711.09738

Isolated y-jet correlations in Pb-Pb: Raa, ATLAS  bhysLett. B, 846:138154, 2023 %
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https://arxiv.org/pdf/2303.10090

Ratio

Isolated y-jet correlations in pp Pb-Pb: p(r), CMS

Phys. Rev. Lett., 122(15):152001, 2019.
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Density of jet tracks depending on
the annulus

There are more tracks on the outer
annulus in central Pb-Pb than in pp
— jet broadening, the radiated
energy goes to higher angles




EMCAL & DCAL GEOMETRY
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ALICE

 Pb/Scintillator Shashlik
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* Variable geometry over the years N cells 4k 11k 17k
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= EMCal: An=1.4, Ap= 40°- 1000 - 1070
= DCal: 0.22<|n|<0.7, Ap=60°. An=1.4, Ap=7°
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