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Motivation

“ » Nuclear modification factor:
« vy are color neutral: not affected by “quark-gluon plasma” (QGP) Bt iyt eres

presence in heavy-ion collisions unlike partons that lose energy eSS S lERUEIEES

« Direct vy, not originated by hadronic decays AT Nt d26,, / (dpy dip)

“Ydecay
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Vthermal &
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« Direct v, not originated by hadronic decays

. “Ydecay
= Direct thermal y: R, , >> 1 -
Ythermal e
— QGP thermal radiation o
[
— Measure T & time/size evolution =
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A Parton x - Parton B *
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Motivation

Nuclear modification factor:

« v are color neutral: not affected by “quark-gluon plasma” (QGP) Bt ekt v aeree
coll. due to QGP and other effects

presence in heavy-ion collisions unlike partons that lose energy

1 d%o, / (dpy dn)

AT N d20, / (dpy dip)

« Direct v, not originated by hadronic decays

= Direct thermal y: R, , >> 1 -
VYthermal ree
— QGP thermal radiation e}
()
— Measure T & time/size evolution >
QGP >
: <A > B m—pp-
= Direct prompty: R,, ~ 1 rarten rarten
— Initial hard scattering, 2—2 processes: AP’J\N 14 —
q 14 q Y R Y22 e y ~1/an>
3~4 pr (GeV/c)
; _ | ety a0 03] @, 03) @] ol (1,33, 0%) @D, (2. 03)
q q
Compton Annihilation PDFs Hard scattering (0QCD)  Fragmentation function
— Test pQCD predictions, constrain (n)PDFs & FF
- pl = p%’a“"“, before parton loses AE in QGP
— Measure FF modifications, where is the AE radiated?
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Motivation

Nuclear modification factor:

« v are color neutral: not affected by “quark-gluon plasma” (QGP) Bt ekt v aeree
coll. due to QGP and other effects

presence in heavy-ion collisions unlike partons that lose energy

oo Ncoll dzo-pp / (de dli)

« Direct v, not originated by hadronic decays

“Ydecay
= Direct thermal y: R, , >> 1 Mesons decay
VYthermal Ttrag
— QGP thermal radiation e}
()
— Measure T & time/size evolution >
QGP >~
. e A > - k- - B -
= Direct prompty: R,, ~ | rarten rarton
— Initial hard scattering, 2—2 processes: A/JJJV 14 —
7 - 7 7 Vthermal e VYthermal ' ~1/an’
3~4 pr (GeV/c)
p . q g doyg?, =[fa/A(x1a QZ)] ®[ﬁ,/3(x2, Q2)] ®[da£‘,§‘fc(x1,x2, Q2)] ®[Dc_>h(1, Q2)]
Compton Annihilation PDFs Hard scattering (0QCD)  Fragmentation function
— Test pQCD predictions, constrain (n)PDFs & FF
— pl = pP¥*", before parton loses AE in QGP
— Measure FF modifications, where is the AE radiated?
« Decay y (7" & n): R, , << 1
— Main background for direct y measurements
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Motivation

Nuclear modification factor:

« v are color neutral: not affected by “quark-gluon plasma” (QGP) Bt ekt v aeree
coll. due to QGP and other effects

presence in heavy-ion collisions unlike partons that lose energy

4™ Neot B0y, / (dpy dip

« Direct v, not originated by hadronic decays

= Direct thermal y: R, , >> 1 Wy Mesons decay
Vthermal rag
— QGP thermal radiation ge
]
— Measure T & time/size evolution >
QGP >~
- « A > - < B *
= Direct prompty: R, , ~ 1 e rarten
— Initial hard scattering, 2— 2 processes: A/\’JJV 14 —
q 14 q Y R Y2s2 e 4 ~1/an>
3~4 pr (GeVic)
p _ g doyg?, =[fa/A(x1a QZ)] ®[ﬁ,/3(x2, Q2)] ®[da£‘,§’fc(x1,x2, Q2)] ®[Dc_>h(1, Q2)]
a 7
Compton Annihilation PDFs Hard scattering (0QCD)  Fragmentation function
— Test pQCD predictions, constrain (n)PDFs & FF e Other y sources:
Y ~ ])‘dl"[()ll H .
—-pi=py ", before parton loses AE in QGP _ Fragmentation y: R, , < 1
— Measure FF modifications, where is the AE radiated? comparable yield to direct prompt y

— QGP pre-equilibrium y? R, , > > 1
(glasma phase)

— Main background for direct y measurements — Jet-QGP interaction y? R, , > > 1

(hard partons scattering) 6/ 25

« Decayy (7 &n): R, , << 1
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Prompt y identification in ALICE: EM shower spread shape &
isolation with tracks

R = \/ (lisck =1, + P = #,)* < 0.2 0r 0.4

1so ch _ tracks in cone —pug - T R <1.5GeV/e

vy from 2—2: isolated
= TPC+ITS charged tracks
= Select y with low
hadronic act|V|ty in R,
smallplso ch _
4+ Underlying event (UE) °
subtracted event-by-

Collisions

event, pyp density

estimated in #-band Isolated Non Isolated Non Isolated  Non Isolated
EM shower §
discrimination ;
- EMCal 3
. . = :
= |ateral dispersion w §
Oiong. 55 Calculated in ;
S X 5. cells around y from 2—2 Fragmentation Photon Decay Photons Merged Decay Photons
the highest energy
cell _
= prompt y circular = circular narrow clusters = decay y merge
“narrow’ cluster but potentially wider due E > 06 GeV
to jet particles nearby elliptical “wide”

merging cluster



iso, ch

1/N"d N /dp

Prompt y identification in ALICE: EM shape & isolation
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ALICE performance
pp & Pb—Pb, Ys\ = 5.02 TeV
n-band UE estimator
0.1< 08, 55<03
p; > 16 GeV/c

—_— P - 1.5GeV/c
R=0.2, Data

o R =0.2, y-jet PYTHIA embed.

R =0.4, Data

R =0.4, y-jet PYTHIA embed.

-20-15-10 -5 0 &5 10 15 20 25 30

pr° " (GeV/c)

« Embedded pp PYTHIA simulation into MB

data, symmetric distribution

* In data, more asymmetric distribution due

to jet contribution

 Significantly wider distributions for R = 0.4
- Isolated if pr> "< 1.5 GeV/c (orange line)

3 Pb-Pb, 30-50% - B

Pb-Pb, 30-50%

1

ALICE performance §
@
PP & Pb-Pb, {5y = 5.02 TeV 0 205
N
e Ofgng 56 = 0.3 s
Q
--- 0%, :5=06-0016p =03 o
o)
c
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~
I\
©
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678 10 20 30 40 10° %
p_ (GeV/c) 2

Bands for y (narrow clusters) & 7°
(wide clusters) visible from pp to Pb-Pb

Select as y clusters with

0.1 < 654 55 < 0.6=0.016 - py
for Pb-Pb p; < 18 GeV/c

0.1 < 65 sws <03
for pp & Pb-Pb, pr > 18 GeV/c



Purity, R=0.2 & 0.4

» Phase space of calorimeter clusters divided in 4 regions:

. . . iso
A, signal dominated & B-C-D, background dominated Nw
data-driven PYTHIA
NE /Niso Biso /NE D iso 2
P=1- n n XI n n Niso,ﬁz jet-jet (Biso,@) + y-jet (Siso,ﬁ) ‘.s'o I 2727777777277,
NE /NiSO NiSO /NE nw nw nw
" " data W W C

= Semi data-driven approach, simulation used to correct
correlations between p

. . . 2 2
180, ch 2 ) P :
T and Glong, 5X5 @
T T T T M

> 1_| T T T T o ' ' ool
s = Sigmoid fit, low p_
c 8-2 - - - Sigmoid fit, high p_ .~ Erf. it

» Reduce influence

: :_ ................................ s of statistical
— —— ----------------- 03 - WA e S fluctuations with
é_ _EE_ .......... by%,?T'-" ..................... SlngId or Erf
OF El ¢ functions fits
0.2F _ _10° -« = ‘*ﬂ O--0
CErormowe @@ T w0 0O . used in spectra
10 20 30 40 102 10 20 30 40 102
P, (GeV/c) P, (GeV/e)

« P(R=04)>P(R=0.2)in pp coll., more jet particles in cone, but
P(R=0.2)>P(R=0.4)in 0-10% Pb-Pb coll., due to UE fluctuations, but not significantly different

* P (Pb-Pb) > P (pp), better tracking & higher N (y)/ N (JZ'O) ratio



Cross section, R=0.2 & 0.4 Co ___ow &N P
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* Wide range: 10 < pt < 140 GeV/c in Pb-Pb 0-30% coll. & 11-14 < pt < 60 GeV/c in pp coll.
« NLO pQCD predictions (JETPHOX)
= Note: Theory is centrality independent! only difference is PDF (pp) vs nPDF x N, (Pb-PDb)



Cross section Data/Theory, R
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ly difference is PDF (pp) vs nPDF x N, (Pb-PDb)

» Theory & data agreement for both R and coll. system within uncertainties



Cross sections R ratios
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ALICE preliminary, pp & Pb—Pb,

NLO (JETPHOX): p®

° <2 GeVic
op  : NNPDF40/BFG Il FF

E .................

Pb—Pb, 50-90%

Pb—Pb: nNNPDF30/BFG Il FF
Scale unc. pX/Z <u< 2p1
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<15 GeV/c
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(R=0.2)

Ratio sensitive to fraction of
fragmentation y surviving the

isolation selection

= |nteresting for theory models

Quite good agreement with theory
on all collision systems

Theory (NLO) seems to control
the isolation mechanism in

2—2 processes and the direct
fragmentation & prompt vy

production even in Pb-Pb

Same measurement done by
ATLAS in pp collisions at 13
TeV for pt > 250 GeV/c shows
a good agreement with pQCD
with even smaller uncertainties

than theory: JHEP 2023 (2023)
86 arXiv:2302.00510 (back-up)



http://dx.doi.org/10.1007/jhep07(2023)086
http://dx.doi.org/10.1007/jhep07(2023)086
http://arxiv.org/abs/2302.00510

Nuclear modification factor Raa, R
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o 10-30%
1.4f
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08;???4———“”@’5& l
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04 & R=0.4 stat. unc. E
0.2 R = 0.4 syst. unc. =
F . | A
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1.4
1.2

0.8W$ :
0.6
0'4;_ — R\, = 0.91, centrality sel. bias
0.2 from arXiv:1705.08856

10 20 30 40 50 60 70

P, (GeV/

c)

=0.2&04

P d¥g - dpy dnp)

NCOH dzo-pp / (de d’/l)

AA =

0-50%:

= Consistent with unity
within the unc. for both R

¢ No modification of the
prompt photon yield
due to the QGP as
expected

= Agreement with NLO
pQCD ratio above 20
GeV/c, a decrease is
expected below due to
PDF vs nPD

50-90%:

= Closer to 0.9 than 1 for
both R likely due to
centrality selection bias
of Glauber model

= Model by C. Loizides &
A. Morsch expects a

value of 0.91
(arXiv:1705.08856)

¢ In good agreement
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Nuclear modification factor Raa, R=0.2 & 0.4
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« Agreement within the uncertainties with CMS in the
overlapping region 25 < pt <60 GeV/c
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P d¥g - dpy dnp)

A7 N &6y, 7 (dpy dip)

0-50%:

= Consistent with unity
within the unc. for both R

¢ No modification of the
prompt photon yield
due to the QGP as
expected

= Agreement with NLO
pQCD ratio above 20
GeV/c, a decrease is
expected below due to
PDF vs nPD

50-90%:

= Closer to 0.9 than 1 for
both R likely due to
centrality selection bias
of Glauber model

= Model by C. Loizides &
A. Morsch expects a

value of 0.91
(arXiv:1705.08856)

¢ In good agreement
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Cross section in p-Pb col. with R=0.4
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* NLO pQCD predictions (JETPHOX) and data agree

* Rp-rp in agreement with unity
o Hints of lower than unity for pt < 20 GeV/c, expected in theory
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Cross section in pp col. and other /s
with R=0.4

; 104 :§| T T T T T T T L E
3 = ALICE preliminary, R = 0.4 3
o 10° E—\/E =13 TeV t pp Vs = 13 TeV, p* " < 1.5 GeV/c x 10 5
i = $ pp Vs= 8TeV, p‘TS°’ " <1.5GeV/c 3
o 10%E Emm } ppVs= 7TeV,p>% <2GeVicx0.1 3
Q = =
° C IIlII — Eur. Phys. J. C (2019) 79: 896 .
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107E s=7TeV == == =

= —— [ =
102 | * ::l _
= [ ] Syst. uncertainty IIE
3 NLO (JETPHOX) NNPDF40/BFG Il FF x x's° \/_ 8 TeV 7
10 E Scale uncertainty p7/2 <u<?2 p E
C p's°< 2 GeV/c .

10—4 | I 1 1 1 1 L I

10 20 30 40 50 60 70 80 10° 2x10°

pl (GeV/c)

 NLO pQCD predictions (JETPHOX) and data agree
measurement by Ran Xu @ LPSC & CCNU

© \/E = 13 TeV measurement by Ran Xu @ LPSC &
CCNU, on arXiv in ~ a week!
© Lower pTt & xT than in preliminary
© Lowest x1 LHC measurement at mid-rapidity

o Strong involvement of LPSC on all ALICE isolated-
photon measurements

Data/Theory

Data / Theory
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Isolated y-hadron correlations in Pb-Pb C. Arata thesis

« Prompt y associated to a parton emitted in opposite side A
N
« Prompt y measurement allow to tag the parton initial energy Y
pl = pP"", before losing AE in QGP N :\7
on
= Aim: Measure FF modifications, where is the AE radiated? QGP
parton
4 ge
f v

 Observables:

= Azimuthal correlation: Ap = ¢"'88" — track

@~ with trigger
isolated narrow or wide clusters, R = 0.2 & p1*° " < 1.5 GeV/c
track track
Pt 1 dN .
- T trigger and D(ZT) - Ntrigger Away side
Pr ir
for tracks in | A@ | > 3/57 rad (mirrored) Ag
. Near side
= When trigger = prompt vy, D(zy) is a proxy for FF

= Measurement: 18 < pl'##< 40 GeV/c & p{** > 0.5 GeV/c y




Isolated y-hadron correlations in Pb-Pb: C. Arata thesis
Azimuthal distribution

20<pr<25GeV/c&0.2<2zr<0.3

@ T @ clustersg o, 0.10 < 0% o < 0.30 @ -
« UE in Ag: uncorrelated tracks 0-10% } Same Event 50_90%
F ; - - - # Mixed Event

iy o < )
Shlftmg up the distribution <025 ¢F & Same Event - Mixed Event ALICE preliminary
© N : r
g 0.2 .-_._ o] O1F _+_—
1 ' ' : a1 5 3 ]
» UE subtraction with mixed S 015 el %5 0.08 3
event: artificial dataset created % 4L ] 0.06 + -4
- : g : 1 0.04 F —— ]
cqmblnlng the trigger cluster =, .t { oo ._:Q:—d»—_,_,_ . —¢—ﬁ+
Wlth t_raCkS on dlﬂ:erent MB 1\— 0 .l._.o._.-.o-.-ro-r_o._ e Sy O AR A _.o.: . 0 , ........ _o__O__O__O__
collisions 5 e ] 5 5
: . . . . . . 4-0.02 & . - . . s -
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
» l Ao (rad) l Ao (rad)
. L — X107 . A
* Purity <1, considering S w0 1 ST 0.10< oy 2 <030 :
1siso _ 1S9, \. _— - C clustersy,,: 0.40 < 62, .o < 1.00 -
f(A¢C Snarrow) bkg = f(AqDC Sw1de)_ 'C:) 2 E_+ E 5 clster, | —0—
_g E :_ ¢ (1-P)-cluster®
. f(Aq)clSh?rrow) — (1 -P)- f(Aqoclsg?de) NE 10 — 3 -
f(Ap”) = 5 o 0 b
| E _10 ;_ :b ........................
= D(zp): Integrate f(Agp” ") in T o0k :
3/57 < |A¢@| < xrad - 0
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Isolated y-hadron correlations in p-Pb & pp: D(zy)

d°N
dz;d|A¢|dAn

p-Pb
PP
O =N
e e

Phys Rev C 102 (2020) 044908

I I I I I I
L 2 _ _ -
: EEE'I'] X Indf=29.1/7, p = 0.76

0.5<p_ <10.0 GeV/c ]
s 5 12 <'p! < 40 GeVi/c |
\Il T

~

. p-pb O -8 b

= pp O--0 ~ |
- --- PYTHIA 8.2 Monash ¢ 3
ALICE, \/5_=5.02 TeV :
| | | c=0.84+0.11+0.19 ]
+ p=0.557
________ M e S
$ ¥ . :

0 01 02 03 04 05 06
PG
21 =P;/P;

pp / PYTHIA

L
o

N

1.5

0.5

ALICE derived

Phys Rev C 102 (2020) 044908
pp, Vs =5.02 TeV, [n”| < 0.67
12 < pTY <40 GeV/c ® 0.5 < pTh <10 GeV/ic _

¢ stat. unc.

% syst. unc.

Previous published results in p-Pb and pp collisions

= Agreement between systems and with PYTHIA

Note: Pb-Pb collisions measurement done in different pr ranges and is compared

directly to pQCD predictions



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

Isolated y-hadron correlations in Pb-Pb: D(zy) C. Arata thesis

-

co BN o®Em o° @

= = = T " T T T
_g ALICE prellmlnary _: ALICE prellmlnary _g ALICE preliminary ]
= 0-30% Pb Pb, sy = 5.02 TeV = 30-50% Pb Pb, sy = 5.02 TeV = 50-90% Pb Pb, sy = 5.02 TeV
< el bl
o g, I>3 S 2 n?<0.67 ° ne, >3 S 2. 1"l <0.67 o A, >3 S 2 n?|<0.67
=10 - =10 =10 ?
< 18<p <4OGeV/o®p >05GeV/c < 18<p <40GeV/c®p >OSGeV/c < 18<p <4OGeV/c®p >OSGeV/c
o " ° ° b
2 2 2
o “o * o
~ 1] # Pb—Pbstat.unc. | ~ 1] ¢ Pb—Pbstat.unc. ~ ~ 1| ¢ Pb—Pb stat. unc. |
E Pb-Pb syst. unc. | E Pb—Pb syst. unc. - E Pb-Pb syst. unc. |

107" | 107" + 107" |

1072 a - 1072 a3 . 1072 3 5

- =pQCD NLO, | - =pQCD NLO, ] - =pQCD NLO, ]
CT18A + EPPS21 nPDFs, KKP FFs, 1 - CT18A + EPPS21 nPDFs, KKP FFs, . +  CT18A + EPPS21 nPDFs, KKP FFs,
10 | X.N.Wang and M. Xie 4 10 - X.N.Wang and M. Xie 4 10 | X.N.Wang and M. Xie 4
r —CoLBT-hydro, ] - —CoLBT-hydro, ] F ]
X. N. Wang et al. ] - X.N.Wang et al. 1 L |
Lo L Lo TR N R R L R N S S - P Lo 1 L TR T Y ST ST N B
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Z; ZT Zg

- Pb-Pb data compared with theory:(NLO pQCD) and@oLBT (0-50% onl@

e Phys. Rev. C 103, 034911, Xie,

o _ Wang and Zhang,

= Discrimination not possible yet e Phys. Rev. Lett. 103, 032302,
Xie, Wang and Zhang

e Phys.lettB 777 (2018) 86-90,
Chen et al. 20

= There seems to be an agreement with both models
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.103.034911
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.103.032302
https://arxiv.org/pdf/1704.03648.pdf

Isolated y-hadron correlations in Pb-Pb: D(zy) C. Arata thesis

-

oo El o®ERM o

- - E - ‘ ‘
N ALICE prellmlnary N E ALICE prellmlnary N ALICE preliminary
% i 0-30% Pb-Pb, |5, = 5.02 TeV % [ 30-50% Pb—Pb ISy = 5.02 TeV % i 50-90% Pb Pb, /Sy = 5.02 TeV
< 10:= |A(p |>3zr|777|<067 = 210 |A(p WS> 5 7L'|777|<067 5 210 |A(p WS> 7r|177|<067 =
2 f 18<p <4OGeV/c®p >05GeVic | o 18<p <4OGeV/c®p >05GeVic | o - 18<p <4OGeV/c®p > 0.5 GeV/c
g g N - g
2 o1 —pQCDNLOpp - 2 1 —paCDNLOPp  — 2 1 —pQCDNLOPp -
mZ b # Pb-Pb stat. unc. «:2 E ¢ Pb-Pb stat. unc. 1 «:2 E 4 Pb-Pb stat. unc. -
© Pb-Pbsyst.unc. | © [ Pb-Pb syst.unc. | © Pb—Pb syst. unc. |
i1 gL gt _
=10 - = =210 ¢ = =107 = E
~ T~ ~ E ~
107 - = pacD NLO, - 10 - =pacD NLO, = 10 - =pacD NLO, E
- CT18A + EPPS21 nPDFs, KKP FFs, ] - CT18A + EPPS21 nPDFs, KKP FFs, ] - CT18A + EPPS21 nPDFs, KKP FFs,
X. N. Wang and M. Xie i 3 I X.N.Wang and M. Xie b ' X.N. Wang and M. Xie
107 - = CoLBT-hydro, = 107 - =ColLBT-hydro, - 100 E
- X.N. Wang etal. ] - X.N.Wang et al. ] F
15" ‘ Pb- Pb o] )AA ‘pQEDD NLO (>& N. Wéng‘anc‘i M>X|el.-) - 15" , __Pb-Pb ey Iaa: PQCD NLO (X. N. Wang and M. Xi;) - 15¢ Pb—FLb = )AA: pQCD NLO (X. N. Wang and M. Xié) .
- 1 pQCDNLOPp  —— |, : CoLBT-hydro (X. N. Wang, etal.) | [ 1 PQCDNLOpp  —— /, . CoLBT-hydro (X. N. Wang, etal) | [ T pQCDNLO pp ‘ ]
o 1 o 1 o 1 e ‘
5 T g \
o o [ o C
0.5 ——— 05" 0.5+ |
N‘ | [
% o2 04 06 08 1 % 02 04 06 08 1 % 0.2 0.4 0.6 0.8 1
Z; Z; Z;
‘I-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..’ D(Z) b b
. v ® . . . . T) Pb—P
» Ratio with:respect to NLO pQCD pp collision:simulation — sort of 1I,, = —————
’.IIIIIIIIIIIIIIIIIIIIIIllllllllllllllll‘ D(ZT) pp

» Clear modifications in data with respect to NLO pQCD pp simulation

« Comparison with /laa fromﬁ\lLO pQCD)and CoLBT)models — agreement

21
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Isolated y-hadron correlations in Pb-Pb: D(zy) C. Arata thesis

loaco = Pb-Pb Data / pp pQCD Ice = Pb-Pb (semi) central / peripheral

ICP

ALICE preliminary 1 0-30% /50-90% stat. unc. ALICE preliminary

o [ Y f

— - -
Z - i

8 2 eonio = QCPE??\FL% Pb—Pb, \/gNN =5.02 TeV | 2 B syst. unc. Pb—Pb, VgNN =5.02 TeV 7

- P pp 3 7 . i S 7 |

2 Ag, | >5 7 In'l <067 ] 4 30-50%/50-90% stat. unc. 'A"’y—hlj 5% In71<067

- 18 < p’ <40 GeV/c ® p>0.5GeV/c - i 18 < p/ <40 GeV/c i

i T T i 15 L syst. unc. . GeV/ B

15 ¥ 0-30% stat. syst. unc. — ~ L p;>0.5GeVic ]

I ¢ 30-50%stat.  syst. unc. _ i i

i ¢ 50-90% stat.  syst. unc. | . @1 - 1

1 RN L O VU IO OO — @ j ....................................................................................................................... j

[ s b r ° 8

- T O 5 RPN & 54 H S vt S SOrorruwotRUR NI e ]
RPN S FES Pt ot RN SRR (R | —f

05 - | | i 1 i

| -- rry |

0 ; 1 | . | 1 1 ; vr N

0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 04 0.5 0.6 0.7
Zt Z;

» Ordering between centralities, central more suppressed than peripheral
» Hints of less suppression at lower zt in lhacp

FCPPN/L | 13/06/24 | G. Conesa Balbastre 22 / 25



—_
—_ o

;ﬁ%

1/ N7 &N /dandag|d z;
3

- -
S n
w n

A
St
L

—_
o,
N

—_
o

1/ N7 &N /dandag|d z;

Isolated y-hadron correlations in Pb-Pb: RHIC & LHC
C. Arata thesis

ALICE preliminary STAR, Phys.Lett.B 760 (2016) 689-696 Central

0-30% Pg—Pb, Sy = 5.02 TeV 0-12% Au-Au, \[S,, = 200 GeV

= 7 -»> <«
lA(p77h| > 5 T, |77 | < 0.67 |A(/)77h -r|<1.4
18<p <40GeV/ic ® p>0.5GeV/c

12 < pT’ <20 GeV/c ® pTh >1.2GeV/c

T T TTTT
L

me

|

i III@ 1 PHENIX, PRL 111,032301 (2013)
0-40% Au-Au, (S, = 200 GeV
i ¢ 4 i
B - ; ] Ap - 7l <72, Iyl < 0.35
- % ALICE, stat. unc. l E 5<p/ <9GeV/c®0.5<p" <7 GeVic
[ ¢ STAR, stat. unc. b ]
= 4 PHENIX, stat. unc. 3 e Similar behaviour as
- L] systune. ] observed at RHIC and
0 0.2 0.4 0.6 0.8 1 5 LHC experlments
T .
= Note: not completely
ALICE preliminary 1 CMS, Phys.Rev.Lett. 121 (2018) 24, 242301, 2018 apoles-’go-amlales
Z 0-30% Pg—Pb, ISy = 5.02 TeV ] /~jet, 0-10% comparisons!
3 [,p e | 5" In’l<0.67 i 3 antik; jet R = 0.3, p* > 30 GeV/c, |7 <16
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N * *I % i r-jet 8 T T
-t e 1 CMS, Phys.Rev.Lett. 128 (2022) 12, 122301, 2022
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S === | b £ 7,p?>30GeVic®p!>1GeVic
- % ALICE, stat. unc. L 1
£ ¢ CMS, y—jet, stat. unc. 3
- 4+ CMS, Z-hadron, stat. unc. ! ]
| [ syst. unc. ]
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—



Isolated y-hadron correlations in Pb-Pb: RHIC & LHC
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C. Arata thesis

STAR, Phys.Lett.B 760 (2016) 689-696
0-12% Au-Au, \/s, = 200 GeV
|A(py_h -nl<1.4
12<p] <20GeV/c ® p]'>1.2 GeV/c

D(zr, Pb — Pb)

PHENIX, PRL 111, 032301 (2013)
0-40% Au-Au, s, = 200 GeV

O b

|Azpy_h - 7| < @l2, |y| <0.35
5< pTy <9GeV/c ®0.5< pTh <7 GeV/c

e Similar behaviour as
observed at RHIC and
LHC experiments

= Note: not completely
apples-to-apples
comparisons!

CMS, Phys.Rev.Lett. 121 (2018) 242301, 2018
y-jet, 0-10%
anti-k jet R = 0.3, p)* > 30 GeV/c, ™| < 1.6

[Ap

|>%n, n"] <1.44 p_l_y>60 GeV/C®p:>1 GeV/c

y-jet

CMS, Phys.Rev.Lett. 128 (2022) 122301, 2022
Z-hadron, 0-30%
Ag, | >% 7 pZ>30GeVic® p!'>1GeVic
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Summary

Isolated v, pp & Pb-Pb /5.y = 5.02 TeV

Various analyses on isolated photon in pp and p-Pb have been released or published
during the last years:

> the results in Pb—Pb were the last missing step

= Cross section, with R=0.4 (std) & 0.2 (new)
— Spectra & R ratio agreement with pQCD

— 0-50% col.: R, 4 =~ 1, no y suppression
—50-90% col.: R,4 ~ 0.9, expected bias of Glauber model in centrality selection
— R, o' agreement with CMS, tension with pQCD nPDF / PDF (0-100%) at low pt

= y—hadron correlations, Pb-Pb , /s, = 5.02 TeV — C. Arata thesis

— Very statistically limited, challenging!
— FF modification stronger for central compared to peripheral collisions

— Results described by models, but discrimination not possible yet

Stay tuned for the final publications in the coming
weeks (pp at /sy = 13 TeV) and months (Pb-Pb and p-Pb)!



BACK-UP
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v measurement in ALICE

e 7y measurement

= Calorimeters

« EMCal: Pb/scintillator towers (6 x 6 cm) + PHOS: PWO4 crystals (2.2 x 2.2 cm)
— 4.4 m from interaction point (IP) — 4.6 m from IP
- |n| <0.67 for Ap = 107", — |n] <0.13 for Agp =70
0.22 < |n| <0.67 for Ap = 60" (DCal); — Identification via EM shower
— Identification via EM shower dispersion selection dispersion selection
- E,>700 MeV — E,>200 MeV

= Tracking, TPC & ITS
« v 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 y: Isolation (next slides)
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Direct prompt y measurement with EMCal:
Isolated vy

New ALICE results shown today for the first time, LHC Run 2 at , /sy = 5.02 TeV:
2 Isolated y cross section in pp & Pb-Pb collisions

2 lIsolated y-hadron correlations in Pb—Pb collisions Ydecay

Yfrag

d Calorimeter: EMCal Ythermal
[ Tracking: H“H
% Pb-Pb, TPC+ITS tracks QGP
% pp, ITS-only tracks < A — —

O Simulation: PYTHIA pp events NN\}\P/

randomly embedded in s
Pb-Pb Minimum bias (MB) data
[ Triggers: MB & EMCal L1-y trigger at Etnreshold = 12 (Pb-Pb) and 4 (pp) GeV

2

VYthermal

I“ Y22

% Pb-Pb, Lint = 18 nb-'; pp Lint = 245 nb-"
% Pb-Pb centrality bins: 0-10%, 10-30%, 30-50%, 50-90%
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Isolated y in pp collisions
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Isolated y Raa & Rpa
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Isolated y purity in pp & p-Pb collisions
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0.9F- ALICE Preliminary =
"E  p-Pb, sy = 8.16 TeV 3
08 M <0.7, R=0.4, p‘;°v°h <1.5GeV/c —
o 75_ using EMCal photon triggers (L17) E
Oefl_. ® © 06 o o ¢ o o o o © 6 o 06 0 0 0 o o .é
0.55— - ] —f
04" * template fit =
0sE- )4 @ L1y (ow) L1y (high) 3
= 4 --- combined fit 3
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EMCal cluster shower lateral dispersion parameter

O Shower shape parameter 02ong is related to the longer axis
of the cluster ellipse

ong

© Parameter depends on cluster cells location and its energy

w; = Maximum(0,wo + In(Ece, ;/E))

ort o2y = Z wilifi y Wil y wiPi
1

Wtot 7 Wtot 77 Wiot

e|_‘"

Wiot = ) Wi,
{ Oiong = 0-5(05p +07p) + \/o.zs(og,qp —62n) 4+ 070, §
b 0% = 0.5(02¢ + 02y) —1/0.25(03 — 032 + 03, §
O For Pb-Pb, let’s just consider the cells around the ﬂ | :. . .: . : ¢
highest energy cell in a 5x5 fixed window in the B _>Q . . Lo e 0 ieter

O2i0ng calculation, independently if cells were
assigned to the V3 cluster

» Those cells must be all neighbours

O The cluster energy and position remains the
same as the V3 cluster _

O Use same definition in pp and Pb-Pb collisions



EMCal cluster shower shape

Pb-Pb, 0-10%
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1/N"d N7 / d piso e

Isolation energy in cone forR=0.2 & 0.4
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350
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x10°

Pb-Pb, 0-10% x10° Pb-Pb, 10-30%

10 20 30 40 50
p's° " (GeV/c)

Pb—Pb, 50-90%

P P

e 225 i
pE> °h (GeV/c) pE°  (GeV/c)

iso, ch

1/N"d N /d p

100f
805
605
sof

20f

1
—20151050 51015202530

10° Pb-Pb, 30-50%

p's% " (GeV/c)

ALICE performance

O = O e

pp & Pb—Pb, ys,, = 5.02 TeV
n-band UE estimator

0.1 < 055,505 < 0.3

p > 16 GeV/c

p$° =15 GeV/c

R =0.2, Data

R = 0.2, y-jet PYTHIA embed.
R = 0.4, Data

R =0.4, y-jet PYTHIA embed.



TPC acceptance
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ISOLATED CROSS SECTION CALCULATION

trlggers&
d? ¢ OMB npods £ 2N Purity
O .
d Pt d 7[ COl X Zn gﬁgslqgrgs events X 8tr1g de d’/] ACC' X 8}1/80 X gtrig
Ingredients:
- Trigger efficiency: &,
- Rejection factor: RF\;,
« EMCal acceptance correction Acc: 0.527
« Minimum bias cross section: oyg Oms (mb) Neol I
pp 50.87 (2.1%) 1
e Neof Pb-Pb  67.6 (0.88%
0-10% 1572 + 17.4 (1.1%)
* Purity 10-30% 783.05 + 7.0 (0.9%)
30-50% 264.75 + 3.3(1.2%)
« Efficiency: 50-90% 38.42 4 0.6 (1.6%)
Efficiency per selection cut: Final efficiency:
cluster sel. rec . i cluster iso. narrow rec
1 d Nypmmpt /dp¥ Reconstruction - dNypmmpt /dp¥
— oo e * PID (shower shape) £ =
. . gener. 1so. gen
dN}/prompt / dp I SO l at lon dNyprompt /dp




Efficiencies

Efficiencies

Isolated y efficiency components, R =0.2

cluster sel. rec
dNy /dpt
8861 _ prompt
o gener. gen
dNypI'OInpt /de
1= PO PR S .S 5 PP P PSP A AR R U S S P L1 0SS S S U S S, M S
08 _E*D _D_+—D—D—D:E|DDEGDD—D~D=D——D+H:_DDﬂﬂm—D—D—D—_D_D_D—D:
06F _o_—o——°— T —0—_°_+ ¢ _? — 00—~
éomﬂﬁw&owgﬂ;&—_g:—o—g—g—g—;_sg et i f :v S
0.4 -3_.0.-0—0—0-_0. 'O'—O__.__._—’—_’__‘_'_’-_ :;.-0-0—0—0-0-_._—0— — ¢+ — —::"""‘ - —— -
0.2 Co4-——4—4-y —— I I J
0 C Pb-Pb, 0-10% T Pb—Pb, 10-30% I Pb—Pb, 30-50% 1
1 - A 110 20 30 4050 107
: ] p. (GeV/c)
0.8 ] ALICE performance
0.6 pp & Pb-Pb, VSuy = 5.02 TeV
: R=0.2, p>>°"<1.5GeVic
0.4¢ Pb-Pb: 0.1 < 62,4 5.5 < O2ax(0;)
0.2} pp 0.1 < 0fg 55 <03
g & x'°° (generator level)
0 | : . - e 7 i - - — === === O greco O g 8iso
10 20 30 40 50 10210 20 30 40 50 10° o g0 gPID 4 grew s giso s GPID

P, (GeV/c) P, (GeV/c)



Isolated y efficiency components, R =0.4

Efficiencies
© © o o
N N [0)) (0 0] —_

o

Efficiencies
o o
(o)) (0¢]

o
~

yprompt

d Ncluster sel. / dp

rec
T

Yprompt

dveener. dp %e

n

—
T

©
N

(@)

110 20 30 4050 107

P, (GeV/c)

ALICE performance

pp & Pb—Pb, Ys,, = 5.02 TeV

R =04, p>>°"<1.5GeVic

Pb—Pb: 0.1 < 6,4 545 < G?nax(pT)
pp :01< O g, 5x5 < 0-3
& k'°° (generator level)
- : - - - ———m— - i i - - - - =7 greco o grecox giso
7 7 .
10 20 30 4050 o ((13%V/c)10 20 30 4050 5 ((13%V/c o g0y GPID greco . giso o PID
T T



Efficiency, R=0.2& 0.4

d Ncluster 1SO. narrow / dp %ec

8iSO _ yprompt
v gener. iso. gen
de,pmmpt /dp§
as. [ I ' T T T T T TR ' N
[ Pb-Pb, 0-10% @M @ T Pb-Pb, 10-30% @ - @ ¥ Pb-Pb, 30-50% - @ ]
0.6 T > T ®+ .
0.5F T E  y——
0,4:— « ® o—:— . . . ; ;_:..Oo o, o ° i o 00 o_:
C ) o © °zx ° o © Jo0000wozlo o ]
- e © eet® e e , O T 3
0.3¢ e ©O JooC 0 O o T .
- o T T ;
0228838888 k3 F E
1 . 1 T N N i M | T . N ) M | 7
1 i I T 1 ' ' ! ! L 1 >
N T @410 20 30 4050 10
r I e ® ]
0.6 o o o . ¢e ® - - Pr (GeV/c)
o [ ] -
e®® %o y o o ol oo 1 ALICE performance
O lo00 000 guon f3 ; & Pb-Pb, 5. = 5.02 TeV
0.4F T ¢ R=0.2stat unc. 3 PP —PD, ysy=2.02 Te
F I R = 0.2 syst. unc., MC tuning 1 o » »
0.3F @ T 6o R=04stat. unc b Pb-Pb: 0.1 < Olong, sx5 < Gmax(p-l—)
~r b T R = 0.4 syst. unc., MC tuning 1
r > T . :0.1< 02 <0.3
0.2F Pb—Pb, 50-90% &b I pp  O--0 ] PP fong. 515
[ 1 N L . P | T1 L . . PR | ] :
10 20 30 40 50 102 10 20 30 4050 10 7l < 0.67, p=™" < 1.5 GeV/e
P, (GeV/c) P, (GeV/e)

8;80 (0-10%) < 8;,30 (50-90%): UE increases cluster size in more central collisions
+ In Pb-Pb, £ (R =0.2) > £*° (R = 0.4) a factor ~0.9 due to lower UE fluctuations

« Inpp, S;SO (R=0.2)= 871/80 (R = 0.4), due to the less performing ITS-only tracks



Prompt y identification: EMCal EM shape & isolation

PP 0--0 PP

ALICE performance

ALICE performance

PP & Pb-Pb, Y5\, =5.02 TeV 5 pp & Pb-Pb, {5 = 5.02 TeV
n-band UE estimator
0.1< O'lzong,sxs <0.3 Os)ng,5x5 =03

p: > 16 GeV/c
—_— p‘j"’ N =1.5GeV/c
R =0.2, Data
o R =0.2, y-jet PYTHIA embed.
R =0.4, Data
o R = 0.4, y-jet PYTHIA embed.

--- 0%, :5=06-0016p =03

..é P 3
p=° " (GeV/c)

« Similar narrow peaked distribution for * Select azs Y clusters with
both R, more peaked for R = 0.2 0.1 < 0. 5x5 < 0.3

* In data, more jet contribution to the . v & 79 bands well separated

right tail for R = 0.4 for pr< 20 GeV/c, then overlap



Prompt y identification: EMCal EM shape & isolation

%1073 Pb—Pb, 30-50% &B-" B Pb-Pb, 30-50%
- 0 -
© rformance L(>§ ALICE performance §
g sy | 51 o s N 3
o g—‘l < o‘fmgj)é <0.3 Ao 91 2 Oﬁ)ng,SXS =03 : ’D\l_
— 80 o ZE:CJS ?:Vécewc -e= OBng 55=06-0016p =03 T ©
N - -ata ] 2
2 o g; gz S-J'et PYTHIA embed. 1 - Nbg
© 60 g=8.25 De'ltaPYTHIA bed O 8 7 =
- =0.4, y-jet embed. . :
< " =
= 40 0.6 o
. X
20 0.4 1 O_SSQ
gol
0 R 0.2 PR | 2 2 i \g’
-20-15-10 -5 0 5 10 15 20 25 30 678 10 20 30 40 10 %
Py (GeV/c) p. (GeV/c) 2

« Select as y clusters with
« Significantly wider for R = 0.4 0.1 < 015 55 < 0.6=10.016 - pp > 0.3

 Embedded pp PYTHIA simulation into

. 0 -
MB data, symmetric distribution v & 7 bands visible from pp

to Pb-Pb semi-central

* In data, more asymmetric distribution .
collisions

due to jet contribution



Prompt y identification: EMCal EM shape & isolation

3 Pb-Pb, 0-10% &B--& Pb-Pb, 0-10%

< 0 v ™ i
:;“ ALICE performance Lé‘l 4 ALICE performance %
8+ 50 i | g parom s 14 1028
0.1< 02, 55<03 Al —1 _2 e Ofng 56 = 0.3 - - F
2 40 g eGale ety am08-0016p, 203 11 =
= A =02, Data 1 — 7 2
< o R=0.2, y-et PYTHIA embed. a Nbg
ro) ] R =0.4, Data
. 30 o R=04, yjet PYTHIA embed. 0.8 4 7 2
P q ' z 3
< ] 1 A
A 20 = 0.6 0 ;7 - o
] [ ™~ = T 7 X .
- | ~ _ Q
10 v 0.4¢ “s, 1072
4 000 pFrssssssssssnna®samannns aERRERERRRE (=
0 ~ iy _ P ® o o = 0.2 _—___I_ Y 2
—-40 -30 =20 -10 0 10 20 30 40 50 67810 20 30 40 10° i
iso, ch
p; " (GeVic) p. (GeVic) S

« Select as y clusters with
« Significantly much wider for R = 0.4 0.1 < Gﬁmg, 55 < 0.6 —0.016 - pr > 0.3

 Embedded pp PYTHIA simulation into

. v & 7V bands visible f t
MB data, symmetric distribution Y & 7T bands visible from pp to

Y Pb-Pb central collisions
* In data, more asymmetric distribution
due to jet contribution = but many y increase their

O, 5x5 due to the UE

contribution to the cluster



Purity

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

= Al 0.1< O-l()ng 5)(5 max(pT) pr-}\so ch <1.5GeV/c

iso, ch

= B: 0.1 Ur%ax(pT) = O-l%)ng, 5x5 < 2.0, pT < 1.5GeVic

= C 0.1< Glong 5x5 < max(pT) 4 <p~}80’ h< 25 GeVic
- D 01402, (P1) <02, 5xs< 20, 4<pi>N<25GeVic Z T

iSO NJisO
Nn Nw

with 2., = 0.6 — 0.016 - p > 0.3 (Pb-Pb) or 62, = 0.3 (pp)

2 2
01 %max,sig  “min, bkg

o2 2
% max, bkg 0'|Ong

I

« Purity in A region extracted as:

N}i@so / N’ilso B’iso / N’iiso
P=1- — X : — PYTHIA: B
N‘I/SO /N114§0 tata N%SO/N‘I/SO e ers‘(/)v,lsoz jet-jet (Blso 180) + y-jet (S;EE)V,ISO)
data-driven

= Semi data-driven approach, simulation to correct correlations between pISO d and Gling 555
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Purity

Isolated y purity, R =0.2

0.6
0.4
0.2

>
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0.8
0.6
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:I—Sigmoid func. —Sigmoid func. :I—Sigmoid func. — Sigmaid func. I _-:I—Sigmoid func. — Sigmoid func. I -
10 < p, < 60 GeV/c 20 < p, < 140 GeV/c 10 < P < 60 GeV/c 20 < p; < 140 GeV/c T 14< p, < 60 GeV/c 20 < P, < 100 GeV/c ]
a=0.65+0.02 a=1.0+0.6 a=0.62+0.02 a=10+04 -+ a=0.61+0.02 a=1.0+01 E
b=0.31+0.08 b =0.006 + 0.003 b=0.33+0.06 b=0.011+ 0.003 0 b=026+0.11 b=0.019+ 0.004 .
¢ =9.68+0.02 c=-78.2+0.6 ¢ =10.56 + 0.02 C=-11.8+0.4% } T c=11.28+0.02 c=94+01 ]

c=13.27+£0.02

Pb—Pb, 50-90%

¢=13.17+0.06

20 30 40

— Pb-Pb, 0-10% Pb—Pb, 10-30% T Pb-Pb, 30-50% -

T T H .

[~ == Sigmoid func. == Erf func. —1 0 20 30 40 1 02
14<p_<40GeVic 14<p <80 GeVic + Statistical ] p_ (GeV/c)
a=052+0.02 2=042+0.06 .
b=0.50£0.38 b=83%49 Dsystematic i ALICE preliminary

pp & Pb-Pb, {s,, = 5.02 TeV
pi;°’ "<1.5GeV/c, R=0.2

- : a
Sig. func. : TYEXP(D X (B, - 0)

p_-b
Erf. func. : a x Erf Tc



Isolated y purity, R = 0.4

*?1 2 [ — Sigmoid func. —.Sigm.oid f.unc.:. . —I == Sigmoid fun<':. '—Siglmcuidl funlc. ' —I == Sigmoid fun::. -
5 - 10<p. <60 GeV/c 20 < p_ <140 GeV/c T 10<p <60GeVic 20<p_<140GeVic T 10<p, <40GeVic .
o [ 2-0.60+0.02 a=1.0+04 F a-056+002 a=1.0+04 I a-053:002 ]
1E b-032:008 b =0.005 + 0.100 T b5-028+007 b=0.011+ 0.003 T 5-028+006 -]
- c= 10.13 £ 0.02 c=-68.7+04 T ¢ =10.23+0.02 c=148+04 T ¢ =10.86+ 0.02 ]
0.8 T T } ,,Tzl T .
C _J__if T T ]
0.2F Pb-Pb, 0-10% —+ Pb-Pb, 10-30% + Pb-Pb, 30-50% ]
1 . " 1 o il | ’ L M M 1 il | M L M M P | -1
> L1 ’ I <4 | L 4
'E 1 2 ~ == Sigmoid func. =T =Erffunc. —1 0 20 30 40 1 02
S F 10<p <40Gevic T 11<p <80Gevic { Statistical ] P, (GeVic)
O 4f a-055:003 T 2-0514005 b
[ b=0.30%0.06 T b=87+£10 D Systematic 1 ALICE preliminary
0 8 [ c=1242+0.03 T ¢ =13.87+ 0.05 ]
; T : pp & Pb-Pb, s, = 5.02 TeV
0.6+ pes oo -
---------------------------------------------- iso, ch -
0.4 e e p. " <15GeV/c,R=0.4
[ A : . a
0.2 Pb-Pb, 50-90% Sig- TuNnC. - o= x ®. - ©)
1 1

20 30 40

p_-b
Erf. func. : a x Erf Tc



Purity for R=0.2 & 0.4

= 1F T S o E
= E = Sigmoid fit, low p = 3
209F __. Sigmoid fit, highpT . L E
. — ! +_‘.' . —— "+x —
3 E e E
: - T —
; _ Pb-Pb, 30-50% @" - @ _
3 E 20 30 40 102
9F 3 P, (GeV/c)
0.8F 3 ALICE preliminary
8(73: ............................................................................................................ : pp & Pb—Pb, Y5, = 5.02 TeV
0:55_ ............................................................... -3 ...._T:n ................. _ p'TS°’ °h < 1.5 GeV/c
0_4;— ------------------------------------------------------------------ t$,ri--' --------------- — ¢ R =0.2, stat. unc.
0.3F - @ 4,.3’- E R =0.2, syst. unc.
0.2F _90% - - - E -
227 Po-Po, 50-90% o) | W€ 0--0 1 ¢ A=-04statunc,
10 20 30 40 102 10 20 30 40 10° R =0.4, syst. unc.
P, (GeV/c) P, (GeV/e)

fits used to correct the spectra

Distributions fitted to Sigmoid or Erf functions to reduce influence of fluctuations,

P(R=0.4)>P(R=0.2)in pp collisions, more jet particles in cone, but decreasing centrality

P(R=0.2)> P(R=0.4), due to UE fluctuations, although not significantly different

P (Pb-Pb) > P (pp) due to better tracking and higher N (y) / N (]Z'O) ratio (R, ,(z") < < 1)



Isolated y purity uncertainty, R = 0.2

Purity unc. (%)
=

Pb-Pb, 0-10%

Pb-Pb, 10-30%

Pb-Pb, 30-50% ]

2
1
2x107" . R - =
X 20 30 40 50 60 10°
~ 20 P, (GeV/c)
(&)
5 10 ALICE preliminary
£ pi" < 1.5 GeVic, R=0.2
>
a 2 —e— Purity, statistical
1 —e— Purity, total syst. (incl. Fit)
o071 —o0—0o—0— O Isolation probability ¢ Bkg. ,D'f°’°h
10 20 30 40 50 60 10710 20 30 40 5060 107 O MC scale ¢ BKg. 05 505
P, (GeV/c) P, (GeV/c)



Purity unc. (%)

(%) X
S

N
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Purity unc.

Isolated y purity uncertainty, R = 0.4

Pb-Pb, 0-10% Pb-Pb, 10-30% Pb-Pb, 30-50% .
20 .....................................................................................................................
E|
1 E
: ]
20 30 40 5060 107
p; (GeV/c)
ALICE preliminary
p‘:°’ " <1.5GeV/c, R=0.4
1 —o— Puirity, statistical
—e— Purity, total syst. (incl. Fit)
O Isolation probability ¢ Bkag. pif°’ oh

10 20 30 40 50 60 20 30 40 50 60 ? O MC scale 0 BKg. 0% 5



Isolated y cross section uncertainty, R

=0.2

(%)

20
10

% Cross section unc.
N

Pb-Pb, 0-10%

Pb-Pb, 10-30%

Pb-Pb, 30-50%

2x107"

< ' ' ' 10 20 30 40 5060 10°
S ALICE preliminary p; (GeVic)
C .
> - - " <1.5GeV/c, R=0.2
2 ]-o- Statistical © Sig. 02, 5.5 ® SMdep.
3 | == Total Syst. ¢+ CPV 0 dpq
g 1 e Purity ¢ € En. scale
2010_ & MC tuning ¢ Rej. factor % Mat. budget
x -

y L . . ol # UEarea * Time ik

10 20 30 40 5060 10° 10 20 30 40 50 60 10° . v

p, (GeV/c) p, (GeV/c) = UE gap + Exotics 0 Ny



Isolated y cross section uncertainty, R = 0.4

& Pb-Pb, 0-10% Pb-Pb, 10-30% T Pb-Pb, 30-50%
g
=}
c
ie]
5
a
)]
8
@)
2x107" .
< F ' ! ' 110 20 30 40 50 60 10°
o ALICE preliminary p; (GeVic)
C .
> E p'TS°’°“<1.5 GeV/c, R=0.4
2 1 -e- Statistical ~ Sig. o} 5.5 ® SMdep.
§ 1 -e= Total Syst. ¢+ CPV O dyg
3 ] e Purity * g En. scale
2010_1 S # MCtuning ¢ Rej.factor % Mat. budget
X -

L . . — & UEarea * Time ¢k

10 20 30 40 50 60 102 10 20 30 40 5060 10° . v
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Isolated y-hadron correlations in Pb-Pb: D(zy)

010 <z, <0.15 0.15<2z;<0.20 0.20 < z; <0.30 <10 0.30 <z; <0.40
57f I 1 Fom 3
o 6F E 08 L ] ° o 40 ]
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5E e 0.2
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o % 04 | b o 01E 1 B 20F E
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a0 0.40 <z < 0.60 L ag® 0.60 <z, <1.00
5 STO0F ] ALICE preliminary
o 20 + T 8} ] 0-10% F’b—Pb, Vo = 5.02 TeV, |79 < 0.67
J15¢t 4 1 3 st E 20 < p"® <25GeV/c ® p! > 0.5 GeV/c
lusters? ., 0.10 < o2 0.30
Eobypampatteyl  Buby g gy T SR
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Isolated y-hadron correlations in Pb-Pb: D(zy)

0.10 <z <0.15
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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 correlation uncertainty: D(z)
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Isolated y-hadron correlation uncertainty: Icp
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Isolated y R ratio in ATLAS pp at 13 TeV JHEP 2023 (2023) 86
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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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