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® Stud

ALICE

vy quark-gluon plasma with hard probes

® Transition of nuclear matter to a colour-deconfined medium,
quark-gluon plasma (QGP), under extreme conditions of
temperature and/or density

o QGP created via ultra-relativistic heavy-ion collisions
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O To study strong interaction

Baryon density

* HARD PROBES: high energy partons (photons and jets) produced
in the early stage of the collision

O partons traverse the QGP, lose energy then fragment into a jet

loss of energy in medium = jet quenching
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o . %-1.4_ 1 —l lllllll 1 1 llfllll III _
Nuclear modification factor: o \/STNP_‘P%OZTe\,’,’b"_',li’%‘fgofja”'c'es
% 4 ALICE - ALICE B
R _ 1 d NAA / d pT mo' 12- -o-CMS = CMS +‘0’,m¢++ -
AA — " Norm. * —
Ncoll d Npp /d Pt 1_1.. ‘—+— .......... —
u . .Q[QF’<‘ ¢ Ll -
I * ]
0.8 ° *++ ~
°© Ry <1 — suppressed by medium : w/ .
° R, =1 — transparent to medium ; gt :
° R, >1 — generation in medium : - s :
0.2_— 7 ;ﬂbsg‘q ~
 ALICEI71<0.8 (p-Pb-0.3<n__<1.3),CMSInl<1.0 _
O | | L1 1 lllI | 1 L1 1 llll | | L1 1 lllI
1 10 10°
P, (GeV/ce)

®* Direct way to observe the jet quenching effect

®* Not very sensitive to extract quantitative properties of the QGP
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High p; trigger particle—hadron correlations: /, ,

ALICE
Azimuthal correlations distribution Jet-jet correlations:
between the trigger and associated particles CMS, Pb—Pb at  /syy = 2.76 TeV
A@ = trig __ _,assocC
¢ (gﬂ §0 ) C CMS Experiment at LHC, CERN
: Z | Ranfevent: 151076 1328520 0oL
COrrelated < umi section:
objects

Away side JET 1, pt: 70.0 GeV

W I

Y Away side
Ap
Near side
trigger object JET 0, pt: 205.1 GeV
' high p Near side
JET QUENCHING

Y. vield of particles in region opposite to the
trigger particle - Ipp = YpplY pp
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® High p, trigger particle—hadron correlations: /, ,

ALICE
Azimuthal correlations distribution ﬂo-hadron correlations: IAA — YAA/Ypp
between the trigger and associated particles ° J,. <1 — suppressed by medium
qu — (¢tr1g . ¢assoc>
: ° I, >1 — generation in medium

< L L L
correlated < F ALICE, 0-10% Pb-Pb, {5y =2.76 TeV -
ob|ects 6— 8 < pr®< 16 GeV/c —
- Away side (|A¢-nt| < 1.1) .
Away side 5; ' ¥ nl-hadron (v_bkg) ;
- " f AMPT model n
- — - JEWEL model E
A 7 3_ —  NLO pQCD model —f
Near side - '@ -
21 ', .
trigger object : R :
¢ ' 1_. | .. -
high P1 - — St o B e et - -
b Lo by by by by i TV T P U n

o 1 2 3 4 5 6 9
p?ssgc (GeV/c)

®* Way to observe the jet guenching and how energy is redistributed

Trigger objects like hadrons not ideal:

trigger parton
Dy '88°" £ pParon BIASED REFERENCE o
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® Wh

ALICE

v photons in heavy-ion collisions?

* Photons are colour-neutral: not affected by QCD medium

® Direct prompt photons produced in initial hard scattering come from 2—2 processes

Compton Annihilation
Perturbative QCD is applicable:

PDFS Hard scatterng (pQCD) Fragmentat/on function

O These photons give a handle to test pQCD: constrain PDFs & nPDFs

o Allow to tag the initial energy of the parton p prarton REFERENCE
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Photon sources

ALICE
“Ydecay

Ythermal Jet Tirag
QGP 2/
W

g A —_— Y - —

Parton Parton
Y22

® Main sources: ¥,,.,, from hadronic decays

® Same order Y omentation (PArton fragmentation) and y,_,, (Compton & annihilation)

© How to identify y,_,,? Calorimeter identification and isolation
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® Photon identification

ALICE

in ALICE with the EMCal

Pb-Pb, 30-50%

1

LQ ALICE performance
LO

‘ S
o |2ong 831 4 pp & Pb-Pb, {5u = 5.02 TeV 1()‘2;8/
wide cluster 0 —>’v\/\v,\/\/\,\/\i ’ Y212F 0 e o
©
“Ydecay 1 Nbg
0.8 =
<
0.6 ES
|9 x
o 3 =
narrow cluster Y ANNANANANANAN - one 04 1075
0.2 2
678 10 20 30 40 10° iy
p_ (GeV/c) =
 Clusters: E deposits in adjacent calorimeter cells ¢ ¥ gl%mg S5 < 0.3
. . . . 0 ,
Discrimination between y and high energy 7" : 0. 2
2 « T : —E<SOGeV—>alOng,5X5>O.4
lateral dispersion Olong. 5x5 of a cluster

- E > 30 GeV, 7V and y bands overlap
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® Photon isolation method

ALICE

° al%mg, 5.5 NOt enough: necessary to reject the non y,_,, photons

© ¥,_,» photons: produced far from other particles (underlying event (UE) excepted)

“Ydecay

Yira
Ythermal &

“«H

Parton Parton

M

Ythermal

Y22
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ALICE

® Photon isolation method

° al%mg, 5.5 NOt enough: necessary to reject the non y,_,, photons

© ¥,_,» photons: produced far from other particles (underlying event (UE) excepted)

“Ydecay

/ Yfra
Ytherma &

QGP

Parton | Parton

L 1‘

® Define a cone radius around a candidate photon: R=0.2o0r 04

® Condition on the total py inside the cone: pi® " = Zp“a"ks mcone _ , ~wR* < 1.5 GeV/c

© pug » UE density estimated with 77-band method
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@® Puri

ALICE

®

4

Ni SO
W
T, max ! 1

NSO
_

> T > >
e “max,sig I min, bkg “max, bkg 0'|Ong

W
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ty: ABCD method

® Phase space of calorimeter clusters divided in 4 regions:
the three background dominated regions ( BCD ) used to

estimate the background contribution in the signal region (A)

(NiSO/NiSO) (BiSO/NiSO>
P=1-—— X | ———
leo / leo leo / leo

W W data W W MC

Semi data-driven approach, simulation to correct correlations

between p* <" and o, s,

Corrections due to:

Background isolation fraction depends on the circularity

Signal not contained only in A\, it spreads over B, C and D
regions
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@® Puri

ALICE

ty - ABCD method in Pb—Pb and pp

® Purity for different collision systems and different R

® Reduce influence of statistical fluctuations with Sigmoid or Erf functions fits — used in spectra

2 1F | ' | |

% 0.9 = = Sigmoid fit, low P.

ol 0-8 E - Sigmoid fit, high p_ == Erf. fit ALICE preliminary
0:7 = } ' pp & Pb—Pb, ys,, = 5.02 TeV
0.6 2 piTS°’ "< 1.5 GeV/c
0.5 E— ¢ R =0.2, stat. unc.
0.4 E— R = 0.2, syst. unc.
0.3 E ¢ R =0.4, stat. unc.
0.2 = H = 0.4, syst. unc.
O‘ 15 Pb-Pb, 0-10% » pp

. TE] ; ; ; L 4 a1 | ! ! " "I S B T B
10 20 30 40 10° 10 20 30 40 10°
p_ (GeV/c) P (GeV/e)
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Cross section:R=0.2and R =04

ALICE

6\ - I I I I I - | I I I I I
‘T> - —ALICE preliminary, |17| < 0.67, p'so Ch< 1.5 GeV/CI R =0. 2— ALICE preliminary, |n| < 0.67, p's° Ch< 1.5 GeV/cI R =0. 4—
8 10t pp & Pb-Pb, s, = 5.02 TeV scaled by N__, = pp & Pb—Pb, |5\, = 5.02 TeV scaled by N__, = ® Wide Pt range
- ol I =, -
9 F == 4 Pb-Pb,0-10%  + o e + Pb-Pb,0-10% - o
=10 =, o Pb-Pb,10-30% =z r=t_ o pb-Pb,10-30% = ©® NLO pQCD predictions (JETPHOX)
< - T + Pb-Pb,30-50% I = =l e « Pb-Pb,30-50%
o - o ol o] Pb—Pb, 50-90% - o] Pb—Pb, 50-90% - : S
S 10° SN " on L S . o | Theory is centrality independent
© - e Systematic unc. £ Tto g T Systematic unc. _
= ' L) ' == EER [ ® | =
9\ — ] D = C—E -
© - ————— - N —— m
S = IS o= == - N =
[ 1= | _
< — . NN —- S —o— -
1= N == TN 1=
— W =5 —— > <
1: - _
107 'E == =
B R = 02 N -+ R = 04 € g
107 ’ = K E
- NLO (JETPHOX) p/*°< 2 GeV/c T NLO (JETPHOX) p'*°< 2 GeV/c ]
103 oo : NNPDF40/BFG Il FF x %0 = o0 : NNPDF40/BFG Il FF x 5% —
= Pb—Pb: nNNPDF30/BFG Il FF x x'$° x N = Pb—Pb: nNNPDF30/BFG Il FF x x'S° x N =
- coll —- coll — O.; < O
al Scale uncertainty p¥/2 < U< 2p¥ T Scale uncertainty pi/z < U< 2p¥ 7
10 = I I I I I I I | I 5 = I I I I | I I I 5 =
10 20 30 40 50 10 10 20 30 40 50 10
p. (GeV/c) p_(GeV/c)
G. Conesa
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@® Cross section Data /

ALICE

ALICE preliminary, pp & Pb—Pb, \j Syn = 0-02 TeV,

R

0.2

ALICE preliminary, pp & Pb—Pb, \] Syny = 2.02 TeV,

R

0.4

Theory: R=0.2and R =0.4

1.5 ' i ' :
>t O++«0 PP r O0+<0 PP 1 ® Wide prrange
2 T T $ i :
I: 1— o o s % ¥ — . .
5 L RS ! i s 1 @ NLO pQCD predictions (JETPHOX)
DO.S_— NLO (JETPHOX): p° < 2 GeVic | o [ NLO(JETPHOX): p7° < 2 GeV/c | o ] . . _
5 B e vpornare Po-PD 5080 T L B e OB oro s | 1 NEOTY IS centrality independent
S L Scale unc.,o“4/2<y<2p?’r i Scale unc.p¥/2<u<2p¥ _ .
= 4= =E i e = Only difference:
s [ Gl I P g T o] P lal| @ ] y
o [ - ]
05 I . x . .- PDF (pp) vs nPDF X N._;; (Pb—Pb)
g' — Data: || <0.67,p>* " < 1.5 GeV/c Pb-Pb, 30-50% - Data: || <0.67, p>*" < 1.5 GeV/c Pb-Pb, 30-50%
S L T i
S o L LN IS B - T e T T =
% —  ®  Statistical unc. + T w® Statistical unc. 7
DO.S B Systematiq unc. o - Systematiq unc. o 7
5'5;_ Pb-Pb, 10-30% Pb—Pb, 10-30% Theory & data agreement for
S ek o[ o5 - both R and systems within
< 15 of O | o o 5 - OlTof oo o e ] . i
g L o 13 i T o vl . uncertainties
05— = I
> Pb-Pb, 0-10% Pb-Pb, 0-10%
S T . .
S R IR B NP B B IR TR T Il CX SRR B ) .
g L = - ¢ | { y
 ®-® : :
0.5 . L — N —
10 20 30 40 50 60 70 30 40 50 60 70
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@® Ratio of cross sections with different R

ALICE

ALICE prellmlnary pp & Pb— Pb ﬂ = 5. 02 TeV

- L Emﬂop -

// \‘\ E 1:.... ........................... J:FL.. "ITT TTTTT FOYTTT I.....p..i ................. e > -
| / : 0.8 NLO (JETPHOX): pFiISO <2 GeV/c —
| | = F op : NNPDF40/BFG Il FF n
l\ d prdn (R=0.4) d prdn (R=0.2) / o — .
=i = o Pb—Pb: nNNPDF30/BFG Il FF =
N— == ——————————— ——————” 9:[ ~ Pb-Pb, 50-90% Scale unnc. p1/2<u<2p1 ~
i | pen tEGRLELRLEERLEEREEEREEEREEERELERLLEE NN NN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE .
~ i iy : . T F B ; -
Ratio sensitive to fraction of ;. surviving the 208 —
iIsolation selection &1 oF 3
] ] ] o ! E Pb—Pb, 30-50% Data: |n| < 0.67, p'*> " < 1.5 GeV/c E
® Quite good agreement with theory Iin all collision % {feessr s . -
S Nl .
SyStemS < 0.8 > . g $ Statistical unc. —
= F Systematic unc. _
o Theory (NLO) seems to control: 1 o — 3
| _ L 2 F Pb-Pb, 10-30% -
- Isolation mechanism in 2—2 processes = 1T°|J ..... -
308:— I o e i == ? ? ) _:
- direct fragmentation + prompt y production T b -
even in Pb—PDb &1.2F- 3
d L Pb-Pb, 0-10% 3 -
E 1.3... ......................................... T TFITIIT dannnns ..E
S ol olel3]e]| o : : ? ) i
S 0.8 i
© r -

G. Conesa | ' ' 0 50 60 7080 102
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Nuclear modification

ALICE

s I ANy /dp,

RAA -
k Ncoll d Npp /d Pr J

® 0-50%: consistent with 1

Model comparison: | NLO pQCD ratio

pr > 20 GeV/c — agreement
pr < 20 GeV/c — some tension

* 50-90% < 1 due to centrality selection

bias of Glauber model

Agreement|with model by C. Loizides &

A. Morsch Phys.Lett.B 773 (2017)408-411
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ALICE preliminary
pp & Pb-PDb, \s,, = 5.02 TeV
nl < 0.67, p>" < 1.5 GeV/c
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20 30

—L
-

30-50%

NLO (JETPHOX), pi%° < 2 GeV/c, R = 0.4:
op NNPDF40/BFG Il FF x &0
Pb—Pb nNNPDF30/BFG Il FF x %0
Scale uncertainty p¥/2 <l < 2p“T’

ol
0
E
®
o0
-
o -
-
.
>
III‘III|1I||II]‘III|||I|III|III|||

III‘III|III|IIIlIII|III|III|III|II

40 50 60 70
P, (GeV/c)
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—L
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1.6
1.4
1.2

0.8
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0.2

1.6
1.4
1.2

0.8
0.6
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0.2

faCtOr RAA @*“@ / O-+0

G. Conesa

L _
—  10-30% -
- . .
I RN B % T I e TP =
o TS E
E_ ¢ R =0.2stat. unc. _E
- R = 0.2 syst. unc. -
- o R =0.4stat. unc. B
— R = 0.4 syst. unc. —
C | | | o

10 20 30 40 50 60 70
p. (GeV/c)
I
50-90%

___________________________________

— Hpa = 0.91, centrality sel. bias

III‘III|III|II]lIII|I|[|III|III||I

IIIIIII|III|III|III|III|III|IIIIII

from arXiv:1705.08856
I ! ! ! ! ! | |
10 20 30 40 50 60 70
p. (GeV/c)
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https://arxiv.org/abs/1705.08856

@® Nuclear modification

ALICE S—
rR L dNyp/ de\ - I
AA — <
k NCOH d Npp / d Pr J . 1.6:— 0-10%
1.4
® 0-50%: consistent with 1 1.2 ETCI
;'O'O'Q'g'ﬂ'g"gJ( _’__$_--. ] qﬁ g]

Model comparison: | NLO pQCD ratio 0_;

0.6
0.4

pr > 20 GeV/c — agreement ALICE preliminary

pp & Pb—Pb, /s, = 5.02 TeV

III|III|III|III|]|Il||l|l||||l|||l

_LIII|III||II|III|I||

pr <20 GeV/c — some tension 02 |71 <0.67, p*> "< 1.5 GeVic
* 50-90% < 1 due to centrality selection o
bias of Glauber model - | o _
, - 16 30-50% -
Agreement|with modeljby C. Loizides & - E
A. Morsch Phys Left.B 773 (2017)408-411 ¢ :
R T ; %"Ef" “““ g -
_ 0.8 -
®* Comparison to CMS: overall agreement 06" GMS, JHEPO7(2020)116 -
0.4 Inl<1.44, 1 <1 GeV/c, R=04 =
000 n Stat. unc. e
No modification of prompt photon yield . SVSZ.OU”C'?;O -
due to the QGP p. (GeVic)
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faCtOr RAA @"*@ / O-+0

¢ R =0.2stat. unc.
R = 0.2 syst. unc.
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G. Conesa
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10-30%
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__6_(05 ______ E--+___ e
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R = 0.4 syst. unc.

| | | L |
0 20 30 40 50 10° 2107
o (GeV/c)
| T T T T T T T 5
—  50-90%, CMS 50-100% .
o e & - -
:_ o) = 8_‘[@ @ | E i [ [:] | _:
_ — Raa = 0.91, centrality sel. bias _;
— from arXiv:1705.08856 -
o | o i
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v'5°_hadron correlations in Pb—Pb

ALICE

® Prompt y associated with a parton emitted in opposite direction

° Allow to tag the initial energy of the parton p” ~ prarton = REFERENCE

o Azimuthal correlations distribution Ap = ("¢ — ?55°°)

© Zr = p%adr/ p% — Observable: the hadrons py distribution

© D(z7) is a proxy for the jet fragmentation function — information on energy redistribution

o o3 25 < p_ ¥ <30 GeV/c, 0.20 <z < 0.30 15*
2 [ . S
4 s 25— ALICE, Pb-Pb, @ 5.02 TeV o} A
oZ : <
£ [ 30-50%, PYTHIAS GJ .. =
€ 5ol > PP
Away side - S — Pb-Pb
151 I E
: Away Z
A(p 10:— - - p—
Near side o . .
- Near . .
Olssannnssuge® gty Taatagatt - Trea >
y 1 ] _| ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] | ] ] ] ] | ] ] ] _ hadr }/
1 0 1 2 3 A4cp (rad) ZT — pT / pT
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® y'°_hadron correlations in Pb—Pb: analysis flow & &

ALICE

My thesis

Underlying event
subtraction

0.15<2z:<0.20

0.35 — Same Event -

&

] .
- 03FE Mixed Ev_ent E
< 0.95 - Same - Mixed +
< - '_—‘— =
O - —— ]
> 0.2 E‘_.__:_—i—=l—_=_ 8 g N
% 0.15 — _
£ 01F[ -
< 0.05 O 0O
005 &b

0 0.5 1 1.5 2 2.5 3

Ag (rad)

® Remove underlying event (UE)
using the Mixed Event

© UE: uncorrelated tracks
shifting up the distribution
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® y'°_hadron correlations in Pb—Pb: analysis flow & &

ALICE
My thesis
Underlying event PuUrity
subtraction correction
0.15<2,<0.20 3 0.15<2;<0.20
_ —— _ xt(0°
2‘ 035 - Same Event E 2‘ :
5 03 F Mixed Event i 5 60 = —=
=~ "~ Same - Mixed 1 =  o—
o : —o— e |3 '
=~ 02¢ > 20 w9 5 5 . - —{1— _
< . = 20| | == == -
45 0.15 F 1 a5 | =P | —e—e—
g o1p I RN o= cn o= o SRR
= O o3 =2 :
= 005 L _o— o O~ 3 ~ _p0 | cluster_narrow T ]
— O F--vvv-- _O_—Q—_O_.—@_——O— S A - (1-P)cluster_wide ]
005 E i -40L v -
0 05 1 15 2 25 3 0 05 1 15 2 25 3
Ag (rad) Ao (rad)

 Remove underlying event (UE) ® Remove residual background ( z°)

using the Mixed Event using Purity correction
o UE: uncorrelated tracks ® |Integrate away-side for every
shifting up the distribution zr = pr*%/pl bin
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® y'°_hadron correlations in Pb—Pb: analysis flow & &

ALICE _
My thesis
Underlying event Purity D(z:)
subtraction correction T
NI— T T T T T T
0.15 < z, < 0.20 ; 0.15 < z < 0.20 © ALICE preliminary
- L x10™ SN 30-50% Pb-Pb, |'s\, = 5.02 TeV
S ' s L <
0.35 E Same Event 3 3 " <0.
= = Mixed Event ] = 60 F9— 05 =10 80, > g w1 <067 E
T 03F _ i © < - ¢ 18<p] <40GeV/ic ® p'>0.5GeV/c -
< 0.05 | Same - Mixed o 4: 40  o— I o I ]
< : = = = - -
= 025——._‘4:-—1_-—l—_'__'_—:E o — T \ *
> : E—.—_._ — —a —.—; = 920 B —O—:[O]: jl»: ) j%: _ ~ 1 - ¢ o Pb-Pb stat. unc. =
o 015 ¢ 1 %o | T 10— E : L Pb-Pb syst. unc.
2 01E 12 0k +f%+ nd i S N ISR - / |
= E O o049 =Z - : *
~ 0.05 L _o— 0" 3§ —~ _20 | cluster_narrow E_D_ — _'4 | -
— O Fer-v---- _O_—Q—_O_—_@__—.O—* — [ (1-P)cluster_wide : : -
C0.05 b {1 40 v L -
0 05 1 15 2 25 3 0 05 1 15 2 25 3 N i
Ao (rad) - A (rad) 10
3/5%
 Remove underlying event (UE) ® Remove residual background ( z°) ol )
using the Mixed Event using Purity correction 18 < p/ < 40 GeV/c
o UE: uncorrelated tracks * Integrate away-side for every L
cpy . . . hadr /..y . 0 0.2 0.4 0.6 0.8 1
shifting up the distribution zr = pr'/pl bin z:
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® D(z;) distributions & &

ALICE _ _
- L L B AL B . 3 T T T T T ] | - — L R L A T
_CNJ ALICE preliminary S ALICE preliminary . _'C\') ALICE preliminary
s 0-30% Pb—Pb, |/s,,, = 5.02 TeV % S 30-50% Pb—Pb, |5, = 5.02 TeV 5 50-90% Pb—Pb, |5, = 5.02 TeV :
510 Ap |>—7t|17y|<067 310 Ap |>—7r|177|<067 510 Ap |>—7r|777|<067
=10 =10 - =10 -
g f 18<p <4OGeV/c®p >OSGeV/c 3 o 18<p <4OGeV/C®p >OSGeV/c g - ? 18<p <4OGeV/c®p >O5GeV/c
= - Z 3 = *
e
=g 4 Po-Pbstat.unc. |~ {1 ¢ Po-Pbstat.unc. | q - > Pb-Pb stat. unc.
E Pb—Pb syst. unc. | E Pb—Pb syst. unc. - E Pb—Pb syst. unc.
107 - E 107" E 107 E
102 - e 102 - - 102 - -
—pQCD NLO, \ —pQCD NLO, —pQCD NLO,
CT18A + EPPS21 nPDFs, KKP FFs, CT18A + EPPS21 nPDFs, KKP FFs, CT18A + EPPS21 nPDFs, KKP FFs,
10 ~ X.N.Wang and M. Xie 10 - X.N.WangandM. Xie 102 | X.N.Wang and M. Xie -
- = CoLBT-hydro, - = CoLBT-hydro, i
- X.N.Wang et al. - X.N.Wang et al. ] I
L w [ T T S I T T B | IR Coo oy ey Lo | I R B R B N Y R TR SO R N N \ Lo
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
® Data compared with theory:INLO pQCD and(CoLBT (0-50% only)) My thesis

O There seems to be an agreement with both models ® Phys. Rev. C 103, 03491 1,Xie, Wang and Zhang,

® Phys. Rev. Lett. 103, 032302, Xie, Wang and Zhang
e Phys.lett.B 777 (2018) 86-90 , Chen et al. 55 /57

O Discrimination not possible yet
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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

® D

C __

— = T T — NI_ - T T _' .‘ T —— g
N ; ALlCE pre||m|nary (é S E ALICE pl’e|lmlnary (
3& : 0-30% Pb-Pb, |s, = 5.02 TeV . s I 30-50% Pb—Pb Sy = 5.02 TeV :
10 - Ap. |>§n|n7|<067 - 2 10 CNES: 3 7,117 < 0.67 E
o f 18<p <4OGeV/c®p >0.5GeVic - =~ \18<p <4OGeV/c®p >0.5GeVic -
< - \ : g 1

©O
=z s Pb—Pb stat. unc. | < ¢ Pb-Pb stat. unc.
O i Pb—Pb syst. unc. ;O B Pb—-Pb syst. unc. |
= -1 |
=107 = .\ = =107" - — ;

10" - = pacD NLO, E 107 - <pacD NLO, E

- GT18A + EPPS21 nPDFs, KKP FFs, : - CT18A + EPPS21 nPDFs, KKP FFs, i
- X.N. Wang and M. Xie i 3 - X.N.Wang and M. Xie i
107 - — CoLBT-hydro, E 10" = —CoLBT-hydro, E
- X.N. Wang et al. . - X.N.Wang et al. :
15+ | Pb—Pb R IAA pQCD NLO (X N. Wangancli M|X|e) 1_5: | Pb—Pb = IAA pQCD NLO (X N. WangJand M. X|e)
- 1 pPQCDNLOpPp  —— /,: CoLBT-hydro (X. N. Wang, et al.) - | PQCDNLOpp  —— /,,: CoLBT-hydro (X. N. Wang, et al.)
e - e
= I ©
oC oC

(zT) distributions

® Ratio with respect to NLO pQCD pp collision'simulation — sort of Iy, =

o Clear modifications in data with respect to NLO pQCD pp simulation
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—
o

[ I\III]||

—

I \IIHII‘

1/ N’ d°N/dAndae| d z;
o

—k
<
N

107°

1.5

Ratio

I IIH\III

I ll\l\l‘

ALICE preliminary

50-90% Pb—Pb, |/s,,, = 5.02 TeV

Y3 |>§7z 77| < 0.67

18<p <4OGeV/c®p > 0.5 GeV/c

—pQCD NLO pp

o Pb—Pb stat. unc.
Pb—Pb syst. unc.

| lIIIlI|

|

| IIHII\

— pQCD NLO,
CT18A + EPPS21 nPDFs, KKP FFs,
X. N. Wang and M. Xie

| II\HIII | IJJIIII|

| lI\IJI|

|
T

Pb-Pb

pQCD NLO pp

= [,,: PQCD NLO (X. N. Wang and M. Xie) —

© Comparison with [, 4 from(NLO pQCD]and (CoLBT)modeIs — agreement
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® Lo socp and Iqp

& B

ALICE _
| | | | | | | | ' I | | | | ol - - T T T T T 1 T L I L 7]
= ALIGE preliminary 1 < | & 0-30% /50-90% stat. unc. ALICE preliminary :
5 oo ___ Pb-Pb Pb—Pb, |/Sy = 5.02 TeV - 2 Pb-Pb, Sy, =5.02TeV
8 . "pQCD NLO PQCD NLO pp |A(0 |>§77,' |T]y|<067 = - ysh . |A |>§7Z' | ?’|<067 i
2 y-h ~ 5 | i " 4 30-50% / 50-90% stat. unc. Pyn 25 1< P ]
- 18 < p’ <40 GeV/c ® p"> 0.5 GeV/c - ] 18 < p./ <40 GeV/c i
} T T _ 15 L syst. unc. ) OT5 GaV/ B
1.5 — ® 0-30% stat. syst. unc. — L Py > U0 aeVic |
] ¢ 30-50% stat.  syst. unc. _ ] ]
I ¢ 50-90% stat.  syst. unc. | - -
TR Qe _ 1 -
— O — — 7
L ¢ () — - N
L T o _ - i || _
o | VT | | e R R Qe ]
R TR TR U T P ] B i |
0.5 i - I u ]
B il i [ N u | |
I ] 0 -
O - | | | | | | | | | | | | | | | | | | O T R R T I T T RO N R N S S N T T NN N AN RO N S SR N S B | I
0 0.2 04 0.6 0.8 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 ,
Z- T
D(ZT) Pb—Pb D (ZT) Pb—PDb, (semi)central .
® Liocp NLO = l-p = My thesis
P D(zy) D(zy)
<T) pp NLO pQCD <T) Pb—Pb, 50—90%
® Ordering between centralities, central more suppressed than peripheral
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® y'>°_hadron correlations: LHC and RHIC & &

ALICE
My thesis
LHC, Pb—Pb 5.02 TeV Y
= ALICE preliminary
; . 0-30% Pb-Pb, |s, = 5.02 TeV
3 Ap >3, 1n7<0.67
2 18 < p/ <40 GeV/c ® p" > 0.5 GeV/c
2 - |
m ALICE, stat. unc.
i ¢ CMS, y—jet, stat. unc.
1.5 = + CMS, Z-hadron, stat. unc.
I syst. unc.
+ y
L i AR ]
- Ble] ¢ * | :
o i  e——GOOY N
i +| * ** ' 0 l
O | | ! ! ! | ! | | |
0 0.2 04 0.6 0.8

Phys. Rev. Lett. 121, 242301

CMS [y—iet, 0-10% , p! > 60 GeVic|

Phys. Rev. Lett. 128, 122301

CMS,(Z—hadron, 0-30% , pf > 30 GeV/c|
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.242301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.122301

® y'>°_hadron correlations: LHC and RHIC & &

ALICE
LHC, Pb—Pb 5.02 TeV RHIC, Au—Au 200 GeV My thesis
< 37 . d < I — T T
= I ALICE prellmlnary _ - 3 ALICE prellmlnary -
; . ] 0-30% Pb Pb, s = 5.02 TeV ] ; - 0-30% Pb-Pb, |'s,, = 5.02 TeV -
q Tt Ay |>—Jr|77y|<067 ] g 25 Ap. |>—Jr|ny|<067 -
2 i 18<p <4OGeV/c®p >0.5GeV/ic ] 3 : 18<p <4OGeV/C®p >0.5GeVic -
2 - 2 —
: # ALICE, stat. unc. : ; ! i Sstt:tt P
I ¢ CMS, y-jet, stat. unc. _ 15 [ I ¢ PHENIX, stat. unc. B
15 - + CMS, Z-hadron, stat. unc. _ T syst. unc. i
i syst. unc. ; N { T S, -
L - i ; -
- Ble] * . . -
i - | § ] D [k Sk o P e mr i
e e VTR AT S——a——— | } mile N i
0.5 : - = I"""""""i*r""""‘""l | : - l Il & amm | I ¢ ° -
I i ] 0 - -
O I I ! ! ! I ! ! I I I . B | ! A | ! ! ! I L ! ! I L ! ! I 1 1 ! I |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
ZT ZT
Phys. Rev. Lett. 121, 242501 Phys.Lett.B 760 (2016) 689-696
CMS,[}/—jet, 0-10% ,p% > 60 GeV/CJ STAR: @/—hadron 0-12%, 12 < pT <20 GeV/cJ
Phys. Rev. Lett. 128, 122301 Phys. Rev. Lett. 111, 032301
_ _2()0 L
CMS,IZ hadron, 0-30% , py > 30 GeV/CI PHENIX:[y—hadron 0-40%, 5 <pl <9 GeV/cJ

Carolina Arata - Assemblée Générale GDR QCD 26 / 27


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.242301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.122301
https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269316X00081/1-s2.0-S0370269316303872/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230830T102935Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYYC6ZMBMQ/20230830/us-east-1/s3/aws4_request&X-Amz-Signature=b4adf467c97ac34a8cb19d0811cf83ffa9de02f9a381f0946857f630a7f0db67&hash=3d77d995ed62bc39cf8476c4e2951401dcd604f67efeb25051878f401674bd90&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269316303872&tid=spdf-8e1553d9-3ac3-4861-8a0e-5013855fc68c&sid=c87ad8cc416c22401369c315eefcc58cb117gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=1c1457050b035305585006&rr=7fec5a82dbd89043&cc=fr
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.032301
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ALICE

2.5

lsaco NLo® T aa

1.5

0.5

LHC, Pb—Pb 5.02 TeV

ALICE prellmlnary

0-30% Pb-Pb, \s,, = 5.02 TeV
|>—J'L’|77y|<067
18<p <4OGeV/C®,0 > 0.5 GeV/c

IAca

m ALICE, stat. unc.
¢ CMS, y—jet, stat. unc.
+ CMS, Z-hadron, stat. unc.

syst. unc.
A L B
] ul: : | | ]
SR e T B
u i | ** ] % -
i L - | i
0 0.2 0.4 0.6 0.8 1

2.5

lsaco nLor Taa

1.5

0.5

v'5° _hadron correlations: LHC and RHIC

RHIC, Au—Au 200 GeV

& &

My thesis

ALICE prellmlnary

0-30% Pb-Pb, [5,,,= 5.02 TeV
,In”] < 0.67

IAw |>—

18<p <4OGeV/C®,D > 0.5 GeV/c

IIII+IIII|IIII|IIII|IIII|I

Not completely apples-to-apples comparison

Similar behaviour as observed at LHC and RHIC experiments
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:_ N ALICE stat. unc.

i ? ¢ STAR, stat. unc.

N ¢ PHENIX, stat. unc.

i Syst. unc.
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Summary and prospects

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

Isolated y spectra in pp and Pb—Pb at \/@ = 5.02 TeV
* Cross section measurements with R=0.4 and R=0.2 — agreement with theory
* Ry, ~1in0-50% and R, 4 ~ 0.9 in 50—90%
= Next steps: extend if possible to lower p+ and publication

Isolated y—hadron correlations in Pb—Pb collisions at . /s\n = 5.02 TeV

* Modification stronger for central compared to peripheral collisions

* Results described by models, but discrimination not possible yet

m Next steps: include a lower z bin, extend if possible to lower p]r’ and publication



Thank you all for the attention!






® y'°-hadron correlations: LHC and RHIC & &

ALICE
< i — :
= 3 - ALICE preliminary — STAR, Phys.Lett.B 760 (2016) 689-696
; - 0-30% Plg—Pb, Sy = 5-02 TeV - 0-12% Au-Au, /S = 200 GeV
N 25 B J 4 _ |
0 : \1A8(Py_h| y> 5;, \C;7 \\//< 0.67 h . : A - al<14
(@} B _
~ i <pp <40 GeVic®p >0.5Gevie - 12<p/ <20 GeV/c ® p"> 1.2 GeV/c
2 [ m ALICE, stat. unc. - ! !
i ? ¢ STAR, stat. unc. l
15 [ ? ¢ PHENIX, stat. unc. N PHENIX, PRL 111, 032301 (2013)
f . Syst. unc. 1 0-40% Au-Au, /S = 200 GeV
1 E. ........ I T L _.E |A§0y_h _ .7T| < ‘7_[/2, |y| < 035
| ¢ - 5<p] <9GeVic ®0.5<p"<7 Gevic
05 .__. ............ I kil o S L e '“f e _.:
i 1 ﬂ mlle N _
: i SEELR :
0 - T -
0 0.2 0.4 0.6 0.8 1
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ALICE
< 3 B ' ' [ ' ' ' [ -

\f . ALICE preliminary _
= - i 0-30% Pb-Pb, \s,, = 5.02 TeV i
S Ap >3 In| <067 :

2 7 18 < p/ <40 GeV/c ® p/'>0.5GeV/c -

2 _

I ® ALICE, stat. unc. i

I ¢ CMS, y—jet, stat. unc. _

1.5 - + CMS, Z-hadron, stat. unc. _

I syst. unc. )

b B .

- * ¢| o -

I | -

O i I ! I I ! I I I .
0 0.2 0.4 0.6 0.8 1

21
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v°_hadron correlations: LHC and RHIC & &

CMS, Phys.Rev.Lett. 121 (2018) 242301, 2018
y-jet, 0-10%
anti-k. jet R = 0.3, /oT"et > 30 GeV/e, |7 < 1.6
Ap | > g 7, 1n’| <1.44 p! > 60 GeV/c ® p" > 1 GeV/c

y—jet

CMS, Phys.Rev.Lett. 128 (2022) 122301, 2022
Z-hadron, 0-30%
Ag | > g 7, pZ > 30 GeVic ® p"> 1 GeV/c
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® Photons sources in heavy-ion collisions

ALICE

Photon sources:

* Ydecay from hadronic decays

jet in-medium
prompt photons bremsstrahlung  jet-plasma decay photons

e direct y, not originated from hadronic decays photons

a (:\Ji.(‘
i
Prompt y from the initial hard scattering: 1A
» Compton and annihilation: y,_, , /g
.
+ parton fragmentation: 7¢.o, overap zone

pre-equilibrium

Non—prompt y during all QGP - hadron photons
gas phases:

thermal radiation

direct y
« pre-equilibrium photons, ypre_eq Made by Chun Sher

» thermal photons, Ythermal
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Photon identification with EMCal C. Arat

A particle interacting with the cell material produces a shower spreading its
energy over neighbouring cells.

* Cluster: aggregate of cells

The distribution of energy within a cluster allows to discriminate between single

photons y shower and overlapping y showers (ydecay) from high energy JZ'O—>}/}/

2 . >
| Tiong ¥ —> CIUSternarrOW' il e 70— cluster

| wide:
circular cluster = elliptical cluster




® EMCal

ALICE

cluster shower lateral dispersion parameter

o Shower shape parameter o, , s, is related to the longer axis of the cluster ellipse

® Parameter depends on cluster cells location and its energy

2 v Wil Bi WiOi x— WiP;
Cap = Z Z W
: tot

Wiot Wiot

2
long

short w; = Maximum(0,wq + In(Eey ;/E))

Wiot = Z Wi,

I

J

®* For Pb-PDb, let’s just consider the cells around the highest
energy cell in a 5x5 fixed window in the ¢ , ;.5 calculation,

independently if cells were assigned to the V3 cluster

pp, p-Pb
previous measurements

e 6 o o V1
cluster

O Those cells must be all neighbours

®* The cluster energy and position remains the
same as the V3 cluster

this analysis: -2 .

5x5
]
cluster

® Use same definition in pp and Pb-Pb collisions
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EMCal cluster shower shape

ALICE
Pb-Pb, 0-10% Pb-Pb, 10-30%
P | P | T 0
031 4 . 10—28 g‘l
U212 41 = W21
J ©
1 / w5
©
0.8 1 3 0.8
<
0.6 o 0.6
- - X ) - - -~
0.4 lllllllll?l.llt'llllll 10_3’2\3 0-4 — ..T.:.t'....
0.2f ] — 2 0.2
67810 20 30 40 10? %
p. (GeV/c) 2
Pb-Pb, 50-90%
‘2 T
014 (028 ALICE performance
% 1.2 &
o)
0.8 t
~ 2 —
06 (\12 AR RRND |0ng,5x5 —0.3
- ©
X
4 3 g 2 _ _
0 10° < == along,% =0.6-0.016 ,0T > 0.3
0.2 ’ O o)
. e —— -. A \8) - - —— \8’
67810 20 30 40 10° Y 678 10 20 30 40 10° Y
o (GeV/c) = p_ (GeV/c) =
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@® Isolation ene

ALICE

3 Pb-Pb, 0-10%

-40 -30 -20 -10
p=® °h (GeV/c)

3 Pb-Pb, 50-90%

-8 | L | |
. 1
.%i—sso Ol
1
< 300 |
—~ 1
2
} 50 :
© 200 I
. o
< 150 Ol

L

B
p=* °h (GeV/c)
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rgy in co

Pb—Pb, 10-30%

10 20 30 40 50

L B l L l LI B B | ' LI L e

e =
p=° " (GeV/c)

T
p=° °" (GeV/c)

100

IS0, ch

80

1/N"dN"/dp

60 |
40}

20f

ne for R=0.2 & 0.4

ok

3 Pb-Pb, 30-50%

.‘hchu._ —

n
15 20 25 30
p=° °M (GeV/c)

ALICE performance

O ®m O e

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

0.1 < 0y, 55 < 0.3

p¥ > 16 GeV/c

P> "= 1.5 GeV/c

R = 0.2, Data

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

R =0.4, y-jet PYTHIA embed.
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ALICE
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PC acceptance
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Purity

ALICE

@

|

® Phase space of calorimeter clusters divided in 4 regions:

e A, signal dominated & B-C-D, background dominated

NSO
Ar 0.1 < Ulzong %5 < UéaX(PT), P%SO’ h < 1.5 GeV/c
B: 0.1+02 < o2 <2.0, piso-ch o 1.5 Gev/c
max(p T) long, 5%5 p T '
C: 0.1< aﬁ)ng, 55 < o> (pr), 4 <p%80, ch _ o5 GeV/c Niso B
" w
. 2 2 iso, ch
D: O1+6max(p’1") < Glong, 5X5< 20, 4 <pr}SO C < 25 GeV/C 0.1 "rznax,sig "r2nin,bkg ar2nax,bkg O'I2ong
with 62, = 0.6 — 0.016 - p;- > 0.3 (Pb-Pb) or 62, = 0.3 (pp)
o Purity in A region extracted as:
150 / A7iSO | |
Nn /Nn PYTHIA: - -
NSO/ Niso NiSO0= jet-jet (BE™) + y-jet (SE207>)

data

data-driven
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® Purity forR=0.2& 0.4

ALICE
_'Z\ 1 1 ' ' ' ' - | | - | |
= — Sigmoid fit, low p =+ +
& 0-9F ___ sigmoid fit, high p EJ +
0.8 ’ T } = :
0.7 _fyiarm E S
0BF------ B erareeaeanaalenn-. _;_ ;;
05 .............................................. _;;_ gg
04 ................................................. _;;_ ;;
0.3 = E:
%21 Pb—Pb, 0-10% @ @ = Pb-Pb,10-30% =  Pb-Pb, 30-50%
Z 1 — 3 ] | 10 20 30 40 '10(23 »
09 E - - B i py (GeVic)
0.8 E3 ALICE preliminary
8; ..................................................... __ T PP & Pb-Pb, ys = 5.02 TeV
05 e _E_ ................. e i_...a ................ p'TSO’ " <1.5 GeV/c
0 R e > .? S - ... ¢ R =0.2, stat. unc.
0.3 «EBR £ .’-‘ﬂ?"? T L _0o
' F }# = 0.2, syst. unc.
0.2 Pb—Pb. 50-90% > E R = 0.4, stat. unc
0.1E, e @ T ® v S e
10 20 30 40 10° 10 20 30 40 102 A = 0.4, syst. unc.
p. (GeV/c) p. (GeV/c)

- Distributions fitted to Sigmoid or Erf functions to reduce influence of fluctuations, fits used to
correct the spectra

- 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 (71'0) ratio (RAA(JZ'O) < < 1)
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Cross section calculation

ALICE
d’ o _ OMB o d’N o P
dprdn N, X Neyenis X RF o dpr dn  Acc. X €55° X g,
Ingredients:

. Trigger efficiency: Etrig

- Rejection factor: RI, Owis (mb) Nool
pPp 50.87 (2.1%) 1
- EMCal acceptance correction Acc: 0.527 Pb-Pb  67.6 (0.88%?)
0-10% 1572 £17.4 (1.1%)
- Minimum bias cross section: 6y 10-30% 783.05 £7.0 (0.9%)
30-50% 264.75 + 3.3(1.2%)
e Neo 50-90% 38.42 + 0.6 (1.6%)
* Purity
- Efficiency:

. . Final efficiency:
Efficiency per selection cut: Y

| dN}Z)IUSt;r sel./dpr}ec  Reconstruction dN;IuStetr . narrOW/dp%eC
sel __ rom . Sromp
€ T Tqeener g een » PID (shower shape) £, = ——
Y prompt P T . dN}/g . . / dp %
» |solation prompt
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ALICE

0.10<z;<0.15

1/ N" N /dand |Ag)
(@)
N

S 2F T B
1
=15 :
< o —0—— 80—
O gy w Ay . .
=z 1 ]
“o l
S 05| -
< l
B e s s IO T
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Ag (rad)
_oage  OPEEm
S 40 F ]
540 5
o ¢ E
< 30 F E
=a: _
O 25 ¢ _+_—
= 20 ¢ :
S+, 4 T
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— OF o —O— _(J')__gl)_ E
— 0 é_ ........ _¢__¢_._@:)_ ..................
_5 = E
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Ag (rad)
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0.35

O
W

0.25

_0.05 |

N
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N
o

—

1/ N" N /dAand |Ag)
o o O

0.15 |
0.1}
0.05 |

o

30-50%

0.15<2;,<0.20

...............................

|||||||||||||||||||||||||||||||||

...............................

................................

® y's°-hadron correlations in Pb—Pb: UE subtraction &-&

0.20 < z;<0.30

SN - -
g 0.16 f f
2 01f :
= 0.08 F¢—_¢_ o .
o - —— )
O 006y =Tl a = u _ u
EZ 0.04 o .
~ 0.02 —_O_—O— _O_—O— —
— O Frevenen- MEOUE O e ® o S
-002¢( g

0 0.5 1 1.5 2 2.5 3

Ag (rad)

ALICE preliminary
30-50% Pb-Pb, (s, = 5.02 TeV, [n"| < 0.67
20 < pf_”g <25 GeV/c ® p]' > 0.5 GeV/c

clusteryamon: 0-10 < 08, 55 < 0.30

+ Same Event
B Mixed Event

c‘i> Same Event - Mixed Event
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(5

yiSO-hadron correlations in Pb—Pb: purity correction &--&

1/ N" 6N/ dAn d [Ag|

ALICE
0
30-50%
0.10<2z;:<0.15 103 0.15<2;<0.20
= T & T
bl i hsl Lo
- 0.2 —%% —0— 5 60 . _O_‘:
5 i o | - S a0t ~0o—e
3 0-15 __l_ :T—_ 3 1 — :3: ]
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= bl LT e | .
L b 40 b .
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s v : s :
< g b <15 [ _
- 20 —0— © > I —0
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T e I :
® 310 s
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® y's°-hadron correlations in Pb—Pb: UE subtraction &-&
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ALICE

v'S°_hadron correlations in Pb—Pb: purity correction & &
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ALICE

® y's°-hadron correlations in Pb—Pb: UE subtraction &-&
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ALICE

® y's°-hadron correlations in Pb—Pb: purity correction & &
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® y's°-hadron correlations in Pb—Pb: UE subtraction &-&
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® y's°-hadron correlations in Pb—Pb: purity correction &--&
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® y'*°-hadron correlations in Pb—Pb: D(z;) & &
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