Status of isolated prompt y measurements in

€5 ALICE: LHC Run1 & Run 2 €3

= Differential pr cross section
* pp at4/s = 13 TeV: Eur. Phys. J. C 85 (2025) 98

* pp at4/s =7 TeV: Eur. Phys. J. C 79 (2019) 896

* pp aty/s =8 TeV & p-Pb at , /spx = 5.02 & 8.16 TeV:
Eur. Phys. J. C 85 (2025) 1407
* pp & Pb-Pb at , /sy = 5.02 TeV: Eur. Phys. J. C 85 (2025) 553,

ALICE-PUBLIC-2024-003, "CERN EP newsletter" April 2025

= |solated y-hadron correlation
* pp & p-Pb at , /sy = 5.02 TeV: Phys. Rev. C 102 (2020) 044908

* Pb-Pb at , /sy = 5.02 TeV: arXiv:2605.02342, ALICE-PUBLIC-2026-001
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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

= QObservation 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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Motivation: y’s as probes of the QGP

ALICE

« v are color neutral: not affected by “quark-gluon plasma” (QGP) presence S d?cy  / (dp; dn)
INn heavy-ion collisions unlike partons that lose energy Raa = (Noon) 26, / (dpy dip)

“Ydecay

« Direct v, not originating from hadronic decays

Yfra
Ythermal €

;}LL\

< A —

Parton

T

Ythermal

Parton:
E loss

Parton

v: no E loss
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= Direct thermal y: R,, >> 1
— QGP thermal radiation
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Motivation: y’s as probes of the QGP

ALICE

« v are color neutral: not affected by “quark-gluon plasma” (QGP) presence S d?cy  / (dp; dn)
INn heavy-ion collisions unlike partons that lose energy Raa = (Noon) 26, / (dpy dip)

“Ydecay

« Direct v, not originating from hadronic decays

Yfra
Ythermal 8

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

QGP Parton: %
—Measure T & time/size evolution W E loss E:
. | A Parton ) Parton B I
= Direct prompty: R,, ~ 1 .
v: no E loss
— Initial hard scattering, processes at LO: m,\f\/\’\) 14 Thermal Prompt
q Y q Y Ythermal Ythermal T e
{gggc@ 3~4 pr (GeV/c)
_ hard _| 2 2 hard 2 2
g q q 9 do—AB-)h = f;l/A(xla Q )] ®[fé/B(x29 Q )] ®{do-ab_>c(xla X2 Q )J ®[Dc—>h(za Q )]
Compton Annihilation )
PDFs Hard scattering (0QCD)  Fragmentation function (FF)

— Test pQCD predictions, constrain (n)PDFs & FF
2 Cold nuclear matter (nPDF) effects can lead to R, , # 1

- pI = ph*" before parton loses AE in QGP
— Measure FF modifications, where is the AE radiated?

Main focus of this presewtatiow!
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Motivation: y’s as probes of the QGP

ALICE

« v are color neutral: not affected by “quark-gluon plasma” (QGP) presence 1 d%cu, / (dpy dn)
INn heavy-ion collisions unlike partons that lose energy

Ly b
NG d°c,, / (dpy dn)

« Direct v, not originating from hadronic decays

Ythermal

Mesons decay

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

©
: : : GP ©
— Measure T & time/size evolution Q >
. | A Parton ) Parton B I
= Direct prompty: R,, ~ 1 .
v: no E loss
— Initial hard scattering, processes at LO: /\;\/\}\}\’ 14 Thermal | Prompt
4 3 . : ~1/p-|-n
q ! q 14 Ythermal “Ythermal o
Y2—2
3~4 pT (GeV/c)
fggggé _ hard _| 2 2 hard 2 2
; 0 g | dolart, = funi, 0| ®|fyplxr, 07| ® | doli (1, x5, 0%)| @ Dz, 0
Compton Annihilation )
PDFs Hard scattering (pQCD)  Fragmentation function (FF)

— Test pQCD predictions, constrain (n)PDFs & FF
P> Cold nuclear matter (nPDF) effects can leadto R, , # 1

— pI ~ pP*™*" before parton loses AE in QGP

— Measure FF modifications, where is the AE radiated?

= Decay v (7’ & n): Ry <<1
— Main background for direct y measurements
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Motivation: y’s as probes of the QGP

ALICE

« v are color neutral: not affected by “quark-gluon plasma” (QGP) presence S d?cy  / (dp; dn)
INn heavy-ion collisions unlike partons that lose energy Raa = (Noon) 26, / (dpy dip)

« Direct vy, not originating from hadronic decays

Ythermal

Mesons decay

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

o
— Measure T & time/size evolution QGP 2,
. | A Parton i Parton B I B
= Direct prompty: R,, ~ 1
v: no E loss
— Initial hard scattering, processes at LO: /\/\/\’\/\’ LL Thermal | Prompt
: q Y q 14 w ~eEvT  § ~1/ptn
Ythermal Ythermal wds Fragment.
Y22
{gggﬁé 3~4 pT (GeV/c)
; 0 9| doart, = fua(i, 0| ®|fyplxr, 07| ® | o (3, x5, 07)| @ D,z 0
Compton Annihilation )
— — PDFs Hard scattering (0QCD)  Fragmentation function (FF)
— Test pQCD predictions, constrain (n)PDFs & FF
P> Cold nuclear matter (nPDF) effects can lead to R, , # 1
— pI ~ pP**" before parton loses AE in QGP = Other direct y sources:
— Measure FF mOdificatiOrlS, where is the AE radiated? _ Fragmentation ' RAA <1 Comparab|e y|e|d to direct prompt Y
= Decay y (EO &n): Ry, <<1 — QGP pre-equilibrium y? R, , > > 1 (glasma phase)
— Main background for direct y measurements — Jet-QGP interaction y? R,, > > 1 (hard partons scattering)
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Prompt y signal selection & purity
 Photons measured in the EMCal must fulfil:

ALICE

= |solation: p!s® I < Zp%ad‘s mcone _ - 7+ R?in cone radius R

T, min

TPC+ITS tracks

= Shower elongation: al%mg for “narrow” clusters

rrow

EMCal
Calorimeter

» Selection details in back-up
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Prompt y signal selection & purity
 Photons measured in the EMCal must fulfil:

o

= |solation: p!s® I < Zp%’ad‘s mcone _ - 7+ R?in cone radius R

T, min

2 g‘

Z
7
o

TPC+ITS tracks

= Shower elongation: al%mg for “narrow” clusters

- A R (B
N!S° . N!s°

2 2 2 2 ‘
“max,sig I min, bkg “max, bkg along

lide

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

Data driven PYTHIA R

NE / Niso
P=1— n n
data

N’}S;)V,mo: jet-jet (Bé?gv,lso) + y-jet (Srligv,lso) 0.1

X

Niso/Niso

rrow

A EMCal
= Semi data-driven approach, Calorimeter

simulation used to correct
correlations between » Selection details in back-up

1s0, ch 2
P and Olong
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Prompt y signal selection & purity, pp collisions / ¢%
 Photons measured in the EMCal must fulfil: % %///,,,/{,
| | % %?M///;
= Isolation: pis < < Zptmks mcone _ - 7+ R?in cone radius R =5 % — //
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Shower elongation: 62 for “narrow” clusters /
- 9 long %
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* Purity, ABCD method: Phase space of calorimeter clusters divided in
4 regions: A, signal dominated & B-C-D, background dominated

Data driven PYTHIA
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Prompt y signal selection & purity, Pb-Pb collisions
* Photons measured in the EMCal must fulfil:
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https://cds.cern.ch/record/2910556

ALICE

Isolated prompt y
differential pt cross section:
proton-proton collisions

O--0

* pp aty/s = 13 TeV: Eur. Phys. J. C 85 (2025) 98,
Ran Xu cotutelle thesis UGA-LPSC—IoP-CCNU, tel-05167225, CERN courier jan/feb 2025 issue

* ppaty/s =7 TeV: Eur. Phys. J. C 79 (2019) 896
* ppaty/s =8TeV & p-Pb at y /snn = 5.02 & 8.16 TeV: Eur. Phys. J. C 85 (2025) 1407

* pp & Pb-Pb at , /sy = 5.02 TeV: Eur. Phys. J. C 85 (2025) 553, ALICE-PUBLIC-2024-003, "CERN EP newsletter” April 202
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Cross section, pp collisions at different /s %
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Theory / Data
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Cross section, pp collisions at /s =7 & 13 TeV
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ALICE

= NLO pQCD predictions (JETPHOX)
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Theory / Data

Cross section, pp collisions at /s =7 & 13 TeV %
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Cross section, pp collisions at different /s — %
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ALICE

Isolated prompt y
differential pt cross section:
proton-Pb collisions

O- «

* pp aty/s =8 TeV & p-Pb at , /syx = 5.02 & 8.16 TeV: Eur. Phys. J. C 85 (2025) 1407
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ALICE

Isolated prompt y
differential pt cross section:
Pb-PDb collisions

- D

* pp & Pb-Pb at , /sy = 5.02 TeV: Eur. Phys. J. C 85 (2025) 553,
ALICE-PUBLIC-2024-003, "CERN EP newsletter" april 2025
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Cross section, pp & Pb-Pb at , /s,y =5.02 TeV
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= Note: Theory calculated for 0-100%, PDF (pp) & nPDF X N__;, (Pb-Pb)
 Theory & data agreement for both R and collision system




Cross section R ratio, pp & Pb-Pb at , /s

 Sensitive to fraction of
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the isolation selection
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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;y =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 prompt y-hadron correlations:
pp, p-Pb & Pb-Pb at , /s,y = 5.02 TeV

Y

* pp & p-Pb at , /sy = 5.02 TeV:

Phys. Rev. C 102 (2020) 044908

arXiv:2605.02342, ALICE-PUBLIC-2026-001,
Carolina Arata’s thesis, UGA-LPSC,
tel-04891584
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Isolated prompt y-hadron correlations

 Prompt y associated to a parton emitted in opposite side

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

= Aim: Measure fragmentation function modifications, where is the AE radiated?

FCPPN/L | 29/06/26 | G. Conesa Balbastre



Isolated prompt y-hadron correlations

N

« Prompt y associated to a parton emitted in opposite side ~

- Tags the parton initial energy p. ~ pgaﬂon, before losing AE in QGP N
= Aim: Measure fragmentation function modifications, where is the AE radiated? >

pieh <15 GeV/c

N
—
arton -
* Observables:
_ _ _ QGP
= Trigger: isolated narrow or wide clusters, R = 0.2 (Pb-PDb), 0.4 (pp, p-Pb) s parton
W

= Azimuthal correlation: Agp = @188 — K with
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> Analysis details in the backup
* Underlying event removed via mixed-event method Ag
Y _

* Contamination due to photons from neutral mesons is estimated by combining Near side

correlations of narrow and wide clusters weighted by the measured purity




Isolated prompt y-hadron correlations in p-Pb & pp collisions:

ALICE
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Isolated prompt y-hadron correlations in Pb-Pb collisions:
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Isolated prompt y-hadron correlations in Pb-Pb collisions
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Isolated prompt y-hadron correlations in Pb-Pb collisions: RHIC & LHC %

<L 3 B | ' ‘ [ ' ' I |
= i Pb-Pb, | s, = 5.02 TeV ®  ALICE, y*°~had. 0-30% i ALICE
A - | ] NLO pQCD, pp u scale unc. R Central
S o5 18 < p/ <40 GeV/c ; p" >1.8 GeVic _
= -+ Low prhadron o CMS, y*-jet 0-10% @_» - @
- | enhancement, from  p]>60GeVic ; p}>1GeV/c ,
2 energy loss PRL 121 (2018) 24, 242301 -
] # CMS,Z’had. 0-30% .
1.5 - p%>30GeVic ; ph >1GeV/c - I = D(ZTa Pb 2 Pb)
i PRL 128 (2022) 12, 122301 . AA(ZT) e A e e e
R T o D(zr. pp)
i High pr hadron suppression, like hadron Raa
N Y- = b b
: 1 i :
:(( : l I | | I :
~ 35 — Pb-Pb,|s,=502TeV Au-Au, s, = 200 GeV .
é E ®=  ALICE, y"*°~had. 0-30% ©  STAR, y%"—had. 0-12% E
\%_ 3 :— NLO pQCD, pp u scale unc. 12 < p_}; < 20 GeV/c; p? > 1.2 GeV/c —: ) . . .
L = 18<P[<40GeVIc; pj>18CeVic  PLB760 (2016) 669-69 E Similar behaviour observed at RHIC and LHC experiments
: © PHENIX,y"-had. 0-40% = Note: not completely apple-to-apple comparisons!
2 — 5<p¥< 9GeV/C;O.5<p2< 7 GeV/c— ' - - '
: + + PRL 111, 032301 (2013) : = ALICE results closer to STAR and CMS Z-hadron that have
15 - - closer kinematic and/or centrality selections
E
05 - =
0 . -

Carolina Arata’s thesis

2 l LPSC
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| — -
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Summary 2
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3 Lowest measured xT at mid-rapidity in pp collisions at \/E =13 TeV 518? Y E

. . . . . Cor 9 14Eg o ALICE (13 TeV, |y|<0.67) o E

>k Ratio of cross sections for different R in agreement with theory and within S0 e AcEr Ty 02 E

the different collision systems 1072 + ATUAS (B1ev. o ®) A =

1011~ ® ATLAS (7 TeV, y|<0.6) DO (1.96 TeV, |y|<0.9) ”ﬁ 3

1o E ™ ATLAS (7 TeV, |y|<0.6) DO (1.8 TeV, |y|<0.9) . =

10 = + CMS (13 TeV, |y|<0.8) DO (630 GeV, |y|<0.9) %[‘f 5

10° &~ o CMS (7 TeV, ly|<1.45) m CDF (1.96 TeV, |y|<1) gﬁ* =

108 = ® CMS (7 TeV, |y|<0.9) + CDF (1.8 TeV, |y|<0.9) -

107 ; ¢ CMS (2.76 TeV, |y|<1.45) % UA1 (630 GeV, |y|<0.8) o ;

e ; T PHENIX (200 GeV, |y|<o.3rT) ¢ UAT (546 GeV, |y|<0.8) | ;

107° 1072 107"

xt=2pl/s
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Statistical unc.
Systematic unc.
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: AT . . . < 16 F rﬁ-, =
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2k Ratio of cross sections for different R in agreement with theory and within 10 G 7 v, yie02) E
. .. 10775 « ATLAS (13 TeV, Iy1<0.6) E
the different collision systems 10"2 &« ATLAS (8 ToV, lyi<0.6) . -
10" E- @ ATLAS (7 TeV, |y|<0.6) DO (1.96 TeV, [y|<0.9) i 3
10105 m ATLAS (7 TeV, |y|<0.6) DO (1.8 TeV, |y|<0.9) %, . =
=+ CMS (13 TeV, |y|<0.8) DO (630 GeV, |y|<0.9) ‘%[f’ 5
: - : 10955 o CMS (7 TeV, |y|<1.45) ® CDF (1.96 TeV, |y|<1) =
2%k Pb-Pb: R, » ~ 1, no y production modification by QGP {PE = OMS(7ToV.yic08) -+ CDF (18TeV, bi<08 *’*?* =
. 107 i? ¢ CMS (2.76 TeV, |y|<1.45) = UA1 (630 GeV, |y|<0.8) ¥ Ef
2 but for 50-90% & 70-90%: R, , ~ 0.9, agreement (1c) with HG-PYTHIA, 1gF D, ] PHENX (00 GeV, <035 ¢ UAT(B46GV. 08) || 3
model of the centrality selection bias 107 107 107 2 puis
2 Pb-Pb col. dagree with nPDF prediCtiOn ;S? 1'32_ ALICE-PUBLIC-2024-003 _; —
o 12F - P:O—Pb&pp Syy = 9.02 TeV
% p-Pb: R 4 = 1, no y production modification g % 3|7 20 pr <25 Govie <o
= ' g g R=02 R=04
2 Hints of suppression for pr < 20 GeV/c in p-Pb, X 10— g poo g T 0L syeemaious
: : 3 0.9 — | 0
in agreement with pQCD nPDF / PDF at low pr W E g Phys. Rev. Lett, 127(2021)102008
0.8 60 < m, < 120 GeV/c?, lyZ < 2.1

0.7t — HG-PYTHIA
0.6  Phys. Lett. B773 (2017) 408-411
= | | I I
Centrality (%)
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3k Data in agreement with NLO pQCD in multiple collision systems & , /syn 2ionE " E
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w10 = =
: AT . . . < 16 F rﬁ-, =
3 Lowest measured xr at mid-rapidity in pp collisions at \/E =13 TeV 518? Y E
. . . . . . . ((5\,5 14Eg o ALICE (13 TeV, |y|<0.67) - EE
2k Ratio of cross sections for different R in agreement with theory and within S0 e AcEr Ty oz E
the different collision systems 102 4 ATLAS ( Tov. o) A =
1011~ ® ATLAS (7 TeV, |y|<0.6) DO (1.96 TeV, |y|<0.9) ‘; =
(oE ® ATLAS (7 TeV, |y|<0.6) DO (1.8 TeV, |y|<0.9) . =
10 = + CMS (13 TeV, |y|<0.8) DO (630 GeV, |y|<0.9) ‘%[f’ 5
_ . _ 10° &~ o CMS (7 TeV, ly|<1.45) ® CDF (1.96 TeV, |y|<1) =
2%k Pb-Pb: R, » ~ 1, no y production modification by QGP {PE = OMS(7ToV.yic08) -+ CDF (18TeV, bi<08 *’*?* =
_ 107 i? ¢ CMS (2.76 TeV, |y|<1.45) = UA1 (630 GeV, |y|<0.8) ¥ Ef
2 but for 50-90% & 70-90%: R, ~ 0.9, agreement (10) with HG-PYTHIA, 108 | PHENIX (200 GeV. [j<038) ¢ UAT (346 Gevi1<08) || 3
model of the centrality selection bias 107 107 107 2 puis
2 Pb-Pb col. dagree with nPDF prediCtiOn § 1'3;_ ALICE-PUBLIC-2024-003 _;
CI> 12__ = P_b—Pb&pp \/STIN=5.O2TeV
. . . - - S0 ALICE
3k p-Pb: R,o =~ 1, no y production modification 2 % |7 20<pr<25 covie, ii<os7
= “E ] R=0.2 R=04
. . . = S, . . . .- - ¢ e Statistical unc.
B Hints of suppression for pr < 20 GeV/c in p-Pb, e i gy g Systematic .
in agreement with pQCD nPDF / PDF at low pr & [ ALCEPb-PD, (5,=502TeV  jag| > xrac, /| <067 : _$ S —
I 18<p’<40GeV/c; pl >1.8GeV/c 1| 60<m <120 GeV/c?, lydl < 2.1
2 B . 0-30% N E Statisticall unc.
7 o 50500 . Systematic unc.
n n - o  50-90%
o Y—hadrOn COrrelathn In Pb—Pb 1'5__ [ ] NLO pQCD, pp u scale unc. EXF’@.CEQd E«MP?OVQMEV\&
sk Very statistically limited, challenging! B o e z‘*“" Run 3 + Run 4
S S _ : p—— aka samptes, LA
* <T distribution significantly lower than pp NLO pQCD in central 05 é _______ 0 T s e S pm&&cui&r r-hadron
» FF modification: stronger for central compared to peripheral : —— : correlakions
3k Results described by two models, model discrimination not possible yet . o4 06 o8
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Perspectives for Runs 3 & 4

ALICE

= Cross section
3k Increased precision with more than 10 times the number of events in pp collisions
2z Reach higher and lower pr

2 Improved pp reference measurement: More sensitive to CNM effects in Raa, pa at pr < 20 GeV/c

3k Measurement in OO and Ne-Ne collisions, NEW systems

2k Measurement of prompt photons at large n with the new FoCal detector
3k Study the production of prompt photons (direct+fragmentation) with novel statistical techniques

= vy-hadron/jet correlation

3k Still statistically limited in Pb-Pb collisions (x6 more events), challenging! But the gain of statistics will help

2k Quark vs gluon jet-substructure measurements: EECs, Soft Drop, ...

= v as a “calibrated” probe

3k Improve centrality selection bias determination in peripheral Pb-Pb collisions and new colliding systems

2k In pp (p—Pb) collisions, measurements of multiplicity-dependent correlations and spectra may allow photons to help
understand possible biases in other multiplicity-based measurements.
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y measurement in ALICE %

ALICE
* Y measurement . PHOS: PWO. crystals (2.2 x 2.2 cm)
= (Calorimeters — 4.6 mfrom IP
« EMCal: Pb/scintillator towers (6 x 6 cm) - |n| <0.13 for Ap =70°
— 4.4 m from interaction point (IP) — l|dentification via EM shower dispersion
— |n] <0.67 for Ap = 107°, 0.22 < || < 0.67 for Ap = 60° (DCal); selection
— ldentification via EM shower dispersion selection - E,>200 MeV

— E,>700 MeV

= Tracking, TPC & ITS
« vy conversion method (PCM)

— R<180cm
— 8% conversion probability

— |n] < 0.9 for Ap = 360°
— E,> 100 MeV

« v identification combining tracking+calorimeter
= Inclusive y: Charged particle veto

= Prompt v: Isolation (next slides)
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EMCal trigger performance, pp \/E =13 TeV

ALICE simulation, pp Vs = 13 TeV
-high, neutral clusters

-low, neutral clusters

-high, narrow clusters

-low, narrow clusters —]
-high, isolated narrow clusters

—e— -low, isolated narrow clusters

56

78 10

10°  2x10?
p. (GeV/c)

20 30 40

trigger
RF
N
o
o

500

I
(@)
-

350
300

trigger
RF
) 00O O N H

L1- ]
RFtrig _ 1 1/Ivevt ! X dNLl }’/de
e ggts 1/NNE x ANMB /dpr

PR T
Mmaﬁ%—ﬁ%*,

L1-y-low / MB fit:

—— RF

trigger

— Rthrig

trigger

ALICE, pp Vs =13 TeV _

fit value 433 + 5
— fit value 471+ 3

L1-y-high / L1-y-low fit: 4
—+— RF 9% it value 12.28 = 0.06 i
—— RF."***" — fit value 12.65 = 0.03 -
| | | | Ig | | | | | | | | | | |
5678 10 20 30 40 10° 2x107
p_ (GeV/ce)

ALICE




EMCal trigger performance, pp & Pb-Pb ,/sxy = 5.02 TeV %

ALICE
RFtrig _ 1 I/Ng-;llt ' X dNLl-y/dPT
gy /N x ANMB/dpy
[®) [T T : | | | | | T T 1o g —
E - ALICE simulation, PYTHIA 8 15 | ALICE, {5 = 5.02 TeV | po_pb:
B | _ —— -
- E Sy =902 TeV, 0 ' o = EMCal inclusive cluster Eiig =10 GeV
0.95 — PN o ——0— 2 —o— 0-10%
- N . 9 « §—9— 1 107 — —e— 10-30%
09 - —0—“‘++ : +++—°—::: O : 5 ] [ . _ | —e— 30-50%
| Iﬁ¥$$i —ﬁ;i* o SO0 T - i ] E,y=5&10GeV
- ;:%50—%* - - - + —— 50-70%
0.85— : — B 1 ' ano
- - Inclu. Iso. (R=0.2, p'SO N<15GeV/ic) = o 70-90%
- - cluster narrow cluster - - 4 E,,=5GeV
0.8 — ' ¢ 0 PP, Etrlg > 4 GeV — —o— 50-70%
- Pb-Pb: 1 102 _| & 70-90%
075 . 0 0-50%, E;,>10 GeV - - -
. B + ot 50 900/0 Etl’l > 5 GeV - B B —&— pp, Etrig =4 GeV
- | n o 50-90%, Emg >5& 10 GeV - - -
7 | | | | | I T T N I l l l l T S T
0 7 8 910 20 30 40 50 60 102 67 10 20 30 40 107
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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
w; = Maximum(0,wo + In(Eey ;/E))

A o Wil o Wil wiBi
| Oap = ; Wiot i Wtot ; Wiot
. Wiot = Z Wi,
’ ” ‘..,-3;
n
ALICE-PUBLIC-2024-003
o V2 clusters: Used in pp & Pb-Pb at , /sy = .02 TeV to get E and position e

\A|
cluster

> In other pp and p-Pb measurements V1 clusters are used - _>é, e

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 -
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Prompt v id PRIOGIVEED Dk NEIEE AANGNG ¢t OMEERI SHAORE %

ALICE
2 i %
O 5
= i
O i
EM shower discrimination L |
v single vs merged decays - i o2
O : ong
= EMCal - s
i 2 . !
= Shower elgngatlo.n Ciong E
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 v id PRIGINMED hDE NELIEEAANGN. S¢ OMEER] SHARES. isolation with tracks

_ ALICE
= TPC+ITS charged tracks 5
= Select y with low hadronic activity in
R, small ps <"
\/ (Mirack — ny)z + (Prack — qoy)2 <R=04o0r0.2 g
p%so, ch _ Zp{facks in cone __ Pug - T R2 <1.5 GeV/c §
3k Underlying event (UE) subtracted ; .
event-by-event, pyp density estimation Isolated Non Isolated | Non Isolated Non Isolated
EM shower discrimination
v single vs merged decays 3 e
= EMCal "
= Shower elongation g
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 v id PRIGIVEED Dk REIEEATVQNo S HMIOMBRKSHAPE

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

Collisions

3k Underlying event (UE) subtracted
I

event-by-event, pyg density estimation \ solated Non Isolated l Non Isolated Non Isolated

LHC, pp — v + X @\/s=14 TeV, y=0 LHC, pp — yisoI+X @\/s=14 TeV, y=0 (R_ =04, EM*' <4 GeV)

pp, \/s = 14 TeV
_Isolation

R=0.4, EM < 4 GeV

Corgion: cf of —y ¢

© o
~N 0

Coraiorni ¢l of — ¢ ¢

o
>

Arirlinlifzigiogs o of — v ¢

subprocess fraction
o O
- T
process fraction

Ic | | | |
>

1 FregI2riizor y D. D'Enterria & J. ROjO % '
0.2 Nucl. Phys. B 860 (2012), : At onAGigE=EAg
0.1 arXiv:1202.1762 [hep-ph] 0 Frag ez
0810 20 3040 100 200 300 1000 0810 20 3040 100 200 300 1000

. . E; (GeV) | .
After isolation: Compton process dominance, 10-15% fragmentation photons!
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Prompt v id PRIGIVEED Dk REIEEATVQNo S HMIOMBRKSHAPE

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

= Select y with low hadronic activity in

R, smallp;so’ ch

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 — }7},)2 + (Prack — qoy)2 <R=04o0r0.2 g
p%so, ch _ ZP{*kaS in cone __ Pug - T R2 <1.5 GeV/c §
3k Underlying event (UE) subtracted ; = -
event-by-event, pyp density estimation L Isolated 4 Non Isolated | Non Isolated LNon Isolated 4
ALICE-PUBLIC-2024-003
> IR I — T T T T T ' T
-Strong neutral meson -(_"; 1Wo o—6-60-06—-06—6-060606-0 ::— ===== =_=_===
background rejection S 08l 1E @ @ AT -
® Remaining cases: parton 0 T ils ~55%§ e of* .
fragments into meson plus few £ *°F 1B, aeieee == E
low pr particles — low p* oh Soar 1E ~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

iso, ch

p

=< piTSO’ “_max (GeV/c) p
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EMCal cluster shower shape, pp & Pb-Pb /sy = 5.02 TeV

Pb-Pb, 0-10%

Pb-Pb, 10-30%

Pb-Pb, 30-50%
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EMCal cluster shower shape, pp & Pb-Pb , /siy =5.02 TeV

= ™ > = =
S e ERG 1__ Upper selection limit: ALICE
© - o 14 ®© = oo | .. 2 — =
o - |Pb-Pb, 0-10% 1 9 = |Pb-Pb, 0-10% 02055 =03 =
£ oL [12< P <14 GeVlc 1 2 | [40<p <60GeVic, ---o2, .. =0392 -
° ; b | ; 107" = % E
2L ] B =
10 5 1 10°F X
107k 1073
-4 10—4 I
107" 2x10™" 1 52 2 107" 2x10™" 1 52 2
ALI-PUB—-580766 long, 5x5 long, 5x5
_Bﬂ ' ' ' ' I _Bﬂ B L ' :
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EMCal cluster shower shape, pp \/E =13 TeV

ALICE
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Underlying event estimation| _______ === .
1-band ARy gy € > n-band
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— Avoid flow effects ‘ L
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Isolated y efficiency components, pp \/E =13 TeV
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Isolated y purity, pp \/E =13 TeV
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Efficiency, R=0.2 & 0.4, pp & Pb-Pb ,/s5n = 5.02 TeV
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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 & Pb-Pb , /sy = 5.02 TeV
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Cross section ratios in pp collisions
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Data over theory, R= 0.4, pp & Pb-Pb at , /s,y =5.02 TeV
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Pb-Pb 50-90%: efficiency and purity %
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- @ Pb-Pb 50-90%: cross section and ratios
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pp col.: NLO pQCD
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Pb-Pb cross
section ratios
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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 , /sx = 5.02 TeV
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Nuclear modification factor Raain peripheral Pb-Pb at , /51y = 5.02 TeV: %

Centrality election bias

= Centrality calculation in data based typically in the
event particle multiplicity and the Glauber model

= Early unexpected observation of rather suppressed
hadron cross section in peripheral collision

= Glauber model breaks in peripheral collisions
(above ~70%), effects not considered:

= Colliding ions fluctuating geometry

= Presence of jets, multi-parton interactions,
in the event affects the particle multiplicity

= HG-PYTHIA model includes those effects and
reproduces observations for charged hadrons and
for Z9 bosons and photons

= ATLAS Z0disagreement in peripheral, possible
explanation in Phys. Rev. C 104 (2021) 4, 044905
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Purity uncertainties, pp & Pb-Pb /5, =5.02 TeV, R = 0.2 %
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Purity uncertainties, pp & Pb-Pb /5y =5.02 TeV, R = 0.4 %
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Cross section uncertainties, pp & Pb-Pb /5,y =5.02 TeV, R = 0.2
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Cross section uncertainties, pp & Pb-Pb /5,y =5.02 TeV, R=0.4
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Raa uncertainties, R=0.2 %
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Raa uncertainties, R=0.4
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Isolated y-hadron correlations in Pb-Pb: Azimuthal distribution

+ UE in A@: uncorrelated tracks shift up <014
Lo.12f

the distribution

 UE subtraction with mixed event:
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Isolated y-hadron correlations in Pb-Pb: D(zy)

lracp = Pb-Pb Data / pp pQCD Icp = Pb-Pb (semi) central / peripheral
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* Ordering between centralities, central more suppressed than peripheral
* Hints of less suppression at lower zt In lhaco
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Isolated y-hadron correlations in pp, p-Pb & 0-10% Pb-Pb %
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