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= Differential pt cross section
* pp & Pb-Pb at , /s = 5.02 TeV arXiv:2409.12641, ALICE-PUBLIC-2024-003

* pp at \/E =13 TeV arXiv:2407.01165 accepted by EPJ C!

= |solated y-hadron correlation
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Probing the QGP in heavy-ion collisions %

ALICE
= In 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
(y. Z9 & W=) emitted in the first stages of the collision:

— “bullets” passing through the QGP P

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

® v, 2% & Wt are colourless: not affected by the QGP
— Candle particles




Observation of QGP effects: The nuclear modification factor %

ALICE

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

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

| d,, / dpy d)

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

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

Sy = 5.02 TeV

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

« Direct vy, not originating from hadronic decays

= Direct thermal y: R, , >> 1

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

ALICE

« Direct vy, not originating from hadronic decays

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

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

— Measure FF modifications, where is the AE radiated?

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

ALICE
« Direct vy, not originating from hadronic decays
Direct thermal y: R, , >> 1
— QGP thermal radiation
— Measure T & time/size evolution Ythermal e
Mesons decay
= Direct prompty: R,, ~ 1
— Initial hard scattering, processes at LO: QGP é
' q 4 q 14 ‘ l A Parton ) Parton B I B
v: no E loss
,\f\/\}\}\, a Thermal Prompt
~a-EyIT ~1/pr"
Ythermal Ythermal -
g q q g e 3~4 pr (GeVic)
Compton Annihilation
c - Ao/, = f14(01, 0%)| @[ fysxr. 07| ®| 6" (x1, 35, 07| ® D, 4z, 0
— Test pQCD predictions, constrain (n)PDFs & FF AB—h —|JalA\*1> b/B\N2> ab—c\X1> %25 c—>h\%s
b Cold nuclear matter (nPDF) eifects can lead to R, # 1 PDFs Hard scattering (pQCD)  Fragmentation function (FF)

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

— Measure FF modifications, where is the AE radiated?

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

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

* For the measurements presented here:

= Calorimeter, EMCal/DCal:

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

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

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

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

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

ALICE




Prompt v identification in ALICE: EM shower spread shape

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

Prompt y at LO 2-2: isolated

= TPC+ITS charged tracks

= Select y with low hadronic activity in

R, small ps <"

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

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

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

EM shower discrimination

v single vs merged decays

= EMCal

= Shower elongation 4
longest ellipse axis size
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Prompt y identification in ALICE: isolation with tracks

_

Prompt y at LO 2-2: isolated

= TPC+ITS charged tracks

= Select y with low hadronic activity in

R, small p,irso’ ch

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

tracks in cone
2Pt

Collisions

pise M = —pug -7 R*<1.5GeV/c

_"5

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

LHC, pp — v + X @\/s=14 TeV, y=0

. solated Non Isolated |

LHC, pp —v__+X @\/s=14 TeV, y=0

Non Isolated Non Isolated

(R =04, E?* <4 GeV)
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® 03 Fraigrrniziijor y D. D’Enterria & J. Rojo @
0.2 Nucl. Phys. B 860 (2012), :
0.1 arXiv:1202.1762 [hep-ph] 0.1
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After isolation: Compton process dominance, 10-15% fragmentation photons!
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Prompt y identification in ALICE: isolation with tracks

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

= Select y with low hadronic activity in

R, small ps <"

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

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

= Strong effect in central Pb-Pb

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

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

iso, ch
T

p's° N < piTSO’ “_max (GeV/c) p

< pif°’ “max (GeV/c)
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Underlying event estimation}________
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Prompt vy identification in ALICE: EM shape & isolation

(TI) _I LI L I 111 I r 1T 1rryprnririi I 5',“7 1 I 111 I 111 I | L I LI L I_
S:—D 500 [ pata: O ALICE ]
X - ® R=0.2 V5 =5.02TeV -
S 400 = R=04 —
s " PP .
e . O 4
= 300F y-jet PYTHIA 8 " .
—~ - O R=0.2 :
% - O R=04 s —— p=*"=15GeVic
> 200 n-band UE -]
: - 0.1< oﬁ)ng, £5<03

0 a—u*#gia O o8

L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11

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

Symmetric in PYTHIA 8 y-jet process simulation

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

Wider for R = 0.4 due to UE fluctuations
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Prompt y identification in ALICE: EM shape & isolation
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* In data, more asymmetric distribution due to jet
contribution
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Prompt vy identification in ALICE: EM shape & isolation
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Embedded pp PYTHIA 8 y-jet process
simulation into MB data, symmetric distribution

In data, more asymmetric distribution due to jet
contribution

Significantly much wider distributions for R = 0.4
due to UE fluctuations
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* Purity, ABCD method: Phase space of calorimeter clusters divided in
4 regions: A, signal dominated & B-C-D, background dominated
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= Semi data-driven approach,
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* Purity, ABCD method: Phase space of calorimeter clusters divided in 4GeVIc=pi|§,_?nin
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Eff|C|ency, R=0.2& 0.4, pp & Pb-Pb , /sy =95.02 TeV
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¢ In Pb Pb, 8180 (R 0.2) > 8180 (R = 0.4) a factor ~0.9 due to lower UE fluctuations (pISO chy
e Inpp, & 150 (R 0.2) = ISO (R 0.4), due to the less performing ITS-only tracks (TPC+ITS in Pb-Pb)
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ALICE

Inclusive iIsolated-y production cross section
in pp collisions at Vs =13 TeV

arXiv:2407.01165
Publication accepted by €2) C
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= NLO pQCD predictions (JETPHOX)
and data agree
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= NLO pQCD predictions (JETPHOX)
and data agree

= Significantly lower pt than CMS
and ATLAS at4/s =13 TeV
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= NLO pQCD predictions (JETPHOX)
and data agree

= Significantly lower pt than CMS
and ATLAS at4/s =13 TeV

= Lowest xT at mid-rapidity

4.5
(\/E) scale from x1 ~10-3 to 10-1

Full list of older results compiled in D. D’Enterria & J. Rojo
Nucl. Phys. B 860 (2012), arXiv:1202.1762 [hep-ph]
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 Theory & data agreement for both R and collision system




Cross section R ratio, pp & Pb-Pb at , /s
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* Not shown (backup): ATLAS pp \/E =13 TeV, for pt > 250 GeV/c
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV %
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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ALICE

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

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

« Prompt y associated to a parton emitted in opposite side

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

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

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

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

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

= Azimuthal correlation: Agp = @18 — Ak puack > 0 5 GeV/e

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

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

Near side




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

« UE in A@: uncorrelated tracks shift up 3
i i " rse < 02 < 0. §

the distribution P raray: D10°< Plorg s <00

¢ Same Event 55

 UE subtraction with mixed event:

s % Mixed Event : —— - _
o o 3025 c‘i> Same Event - Mixed Event _ f Underl\:mg Eventi >
artificial dataset created combining the 2 | T o _+_ o
_ _ _ < —— V.Ir .
trigger cluster with tracks on different 2, a0 o (5| 1 s
S 015 : : 3 3
collisions % 01} ggj . Y ‘_:_‘ E
2005 [ 1 0.0 :g::':_".:"._—r_—::*:_g:_++ :
~ o o7 —0—0—_o —0— ]
~ Qe m0OrTO 5 ~o~TOTOT .: O Forernrrnneinnien PSR »
E ............................... loo2b . : I I
0O 05 1 1.5 2 25 3 0.5 1 1.5 2 2.5 3
Ao (rad) Ag (rad)
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Isolated y-hadron correlations in Pb-Pb: Azimuthal distribution

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

&b
&-
< 0.30

- UE in Ag: uncorrelated tracks shift up
the distribution

iso . 2

+ Same Event

1/N"i8 42N /dAn |dAg |
;

 UE subtraction with mixed event:

s % Mixed Event _
o o 3025 <’i> Same Event - Mixed Event 1 Undem{mg il >
artificial dataset created combining the 2 | O ; ’
_ _ _ < —0— s :
trigger cluster with tracks on different g 0.15 fu—a R o g | e
collisions % 04} 8;’2 . Y + 1
2005} { 0.02 :Q:+:5_—-——-—:!l-—=g=$_‘_+ == +ﬁ 1 %
- o -0 VY= Bk
- 0 E.-.c;..--0---_0—_.0_.-.(;-. .......... .: 0 Forenenn _¢__O__O__O_*
° Punty < 1, Considering ............................... 1002 B - 0
] . 1 . : : : 0 0.5 1 1.5 2 2A5go (ra%) -
CIS — CISide\- S a
f(Aqﬂ narrow) bkg — f(AqD Wlde)' cluster® 0.10 < 0f, . 555 < 0.30 %
§ : 0.1 clusterif;i‘:,e: 0.40 < ofmg 55<1.00 [T = ;?
| ClSharow) — (1 — P) - sk = 1 0.08 | ¢ custermon S
f(Aqm’lsO) — f(Ag )~ -P)-Hayp ) = 5 $ (1-P)-cluster’? _#)_
P g ] 0.06 | , . - I ; R
i | | :ﬁ: 0 /2 m Ag(rad)
> 1 0.04 | _
= Subtraction of two close distributions | 0.02 5
— large statistical uncertainty - | 0f R B
| - ] 0.02 | . >
180, | ) ' :
= D(z): Integrate f(Agp? ) in fob = 253»/ :

3/57 < |Ap| < zrad
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Isolated y-hadron correlations in p-Pb & pp, R = 0.4: D(zy) %
ALICE

Phys Rev C 102 (2020) 044908

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



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

Isolated y-hadron correlations in Pb-Pb: D(zy)

(5

— T T \ & (0) — T T T \ e 0 — T T T \ o) HLICE
_g ALICE preliminary 0-30% _g ALICE preliminary 30-50% _g ALICE preliminary 50-90%
s 0-30% Pb-Pb, |5, = 5.02 TeV : s 30-50% Pb-Pb, |s, = 5.02 TeV - 50-90% Pb-Pb, |'s,, = 5.02 TeV :
35 A, 1>27,1n71<0.67 5 Ag, 152 7,1p71<0.67 35 A, 1>27,1n"1<0.67
=10 5 =10 - 5 =10 - 5
_g - T 18<p <4OGeV/c®p >OSGeV/c _g + 18<p <4OGeV/c®p >O5GeV/c _g ? 18<p <4OGeV/c®p >OSGeV/c
< NS =< N\ <
o © o
~ 1 - = Pb-Pb stat. unc. ~ 1 - * Pb-Pb stat. unc. ~ 1 - ¢ Pb-Pb stat. unc.
E Pb-Pb syst. unc. E 5 Pb-Pb syst. unc. - E Pb-Pb syst. unc. -

107" @ @ - 107" @_"‘@ E 107" - "@ E

102 - E 107 - E 107 - -

- —pQCD NLO pp - —pQCD NLO pp - —pQCD NLO pp
~pQCD NLO, ~pQCD NLO, ~pQCD NLO,
CT18A + EPPS21 nPDFs, KKP FFs, : CT18A + EPPS21 nPDFs, KKP FFs, - CT18A + EPPS21 nPDFs, KKP FFs, :

102 =~ X.N.Wang and M. Xie . 102 = X.N.Wang and M. Xie . 102 -~ X N.Wang and M. Xie -

- —CoLBT-hydro, . - —CoLBT-hydro, . - :
- X.N.Wang et al. - X.N.Wang et al.
! ! ! | ! ! \ \ \ \ \ \ \ \ \ \ \ \ ! ! ! \ ! ! ! | ! | \ \ \ \ \ \ \ \ ! | ! ! | ! ! | ! \ \ \ \ \ \
0) 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Z; Z;
+ Pb-Pb data compared with theory:(NLO pQCD) and(CoLBT (0-50% only), Phys. Rev. C 103, 034911,
Xie, Wang and Zhang,
n agreement with both models Phys. Rev. Lett. 103, 032302,
= Discrimination not possible yet Xie, Yang and Zhang
® Phys.Lett.B 777 (2018) 86-90,

Chen et al.



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)

Ratio with respect to}NLO pQCD pp collision simulation: — A proxy for I,, =

— B L 0 E
N ALICE preliminary 30-50% E
% i 30-50% Pb-Pb, s, = 5.02 TeV :
JS10- . lag | >f—§ 7, 1n71 <0.67 E
-g - . 18<p/ <40GeVic ® p'>05GeVic |
S - N T T |
3 1 T —pQCDNLOpp

OOZ - ¢ Pb-Pb stat. unc. -
O . Pb-Pb syst. unc.
=>10" - E
- - .

107 = = pQCD NLO, E

- CT18A + EPPS21 nPDFs, KKP FFs, .
. - X.N.Wang and M. Xie - @ ]
10" = —CoLBT-hydro, @» E
- X.N.Wang et al. ]

e —————————— ; w w w w w T
151 _ __ Pb-Pb = ,,: pQCD NLO (X. N. Wang and M. Xie) _|
- | PQCDNLOpp  —— | :CoLBT-hydro (X. N. Wang, etal.) -

O
©

C

‘I-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

T AR | o/ B

N - ALICE preliminary 0-30% :

% : 0-30% Pb-Pb, |'s,, = 5.02 TeV :

J 10 - Iquy_I>nglnyl<067 -

-g - f 18<P <4OGeV/C®p >0.5GeV/ic -

< : N |

3 .

- 1 —pQCDNLOpp -

002 - m Pb-Pb stat. unc. -

© i Pb-Pb syst. unc.

&~ 1 |

=100 o~ ]

~ - o~ :

107 - = pQCD NLO, E

- CT18A + EPPS21 nPDFs, KKP FFs, -

; -~ X.N. Wang and M. Xie i

107 - = CoLBT-hydro, @+* @ E

- X.N.Wana et al. .

[ ———— ‘ \ ] ] [ ! T

1.5 Pb-Pb ——— /,,: pPQCD NLO (X. N. Wang and M. Xie) —

- 1 pPQCDNLOpp  ——— |, :CoLBT-hydro (X. N. Wang, etal) -

o e .
< I
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» Clear modifications in data with respect to NLO pQCD pp simulation

» Comparison with /aa from NLO pQCDjand models — agreement

- = \ ‘ ‘ ‘ \ \ w w ‘ T \ ‘
N ALICE preliminary 50-90%
T_; i 50-90% Pb-Pb, |5, = 5.02 TeV :
J10- o Iquy_I>g:rlnyl<067 -
E\ - 18 <p’ <40 GeV/ic ® p_'>0.5GeV/c
< |
3 1= —pQCDNLOpp -
=< - 6 Pb-Pb stat. unc. -
O . Pb-Pb syst. unc.
=>1 o' -
- - ]
107 - = pQCD NLO, E
- CT18A + EPPS21 nPDFs, KKP FFs, :
- X.N.Wang and M. Xie b @ .
107 &B- :
15" Pb-Pb ——— /,,: PQCD NLO (X. N. Wang and M. Xie)
~ T pQCD NLO pp :
O
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o
O i ‘ ‘ ! ‘ ! ‘ ‘ ! ! ‘
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D(ZT) pPp
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Isolated y-hadron correlations in Pb-Pb:

II|IIIIIIIIIIIIII|IIII|IIII|IIII|I

ALICE preliminary

0-30% Pb-Pb, |/s,,, = 5.02 TeV

I ENE % 7, |n"| < 0.67

18 < p/ <40 GeV/ic ® pTh > 0.5 GeV/c
m ALICE, stat. unc.

¢ STAR, stat. unc.

¢ PHENIX, stat. unc.
[ ] syst. unc.

II|IIII*IIIIilllllllllllllllllllll

N
—

I 1T T 7T I

ALICE preliminary

0-30% Pb-Pb, \/s,, = 5.02 TeV

|Aq0y_h| > % x,|n’| <0.67

18 < p <40 GeVic ® pTh > 0.5 GeV/c

® ALICE, stat. unc.

¢ CMS, y—-jet, stat. unc.

+ CMS, Z-hadron, stat. unc.
syst. unc.

EP seminar | 21/01/25 | G. Conesa Balbastre

RHIC & LHC

D(zr, Pb — Pb)
D(ZTa pp)

ALICE

STAR, Phys.Lett.B 760 (2016) 689-696
0-12% Au-Au, (S, = 200 GeV

A
Iwy

12<p’ <20GeVic® /oTh >1.2 GeV/c

-a|=1.4
-h

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

Ina(z7) =

Ap - al <72,y <0.35

5<p/ <9GeV/c®0.5 < pTh<7GeV/c

o Similar behaviour as observed at RHIC
and LHC experiments

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

CMS, Phys.Rev.Lett. 121 (2018) 242301, 2018
y-jet, 0-10%
anti-k; jet R = 0.3, p)” > 30 GeV/c, |77 < 1.6
Ap  |>Lm|n'|<1.44 p >60GeVic ® p">1GeVic

y—jet 8
CMS, Phys.Rev.Lett. 128 (2022) 122301, 2022
Z—-hadron, 0-30%
Ag_ | > % 7, p?>30 GeV/c ® pI'> 1 GeV/c




Summary

ALICE
:@ 22'§II|Q | | P 1T 1T 11 | IIIIII| | | II%l
] c 10 ~o = iso
= Cross section = 102 " P p(()p)n% Z . X
@) = OO y = U, = 4.
. . . . S 1020 - y
sk Data in agreement with NLO pQCD in multiple %1019 = e
=10 e,
collision systems &  /Snn 510" "%
mﬁ e ‘re_ﬂ
5k Lowest measured x7 at mid-rapidity in pp o 0'°E r&@%‘
. S10° -
collisions at \/E =13 TeV B 101 = o ALICE (13 TeV, |y|<0.67) |
T 3E ® ALICE (7 TeV, |y|<0.27)
10 ¥ ATLAS (13 TeV, |y|<0.6)
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10° CMS (7 TeV, |y|<1.45) = CDF (1.96 TeV, |y|<1) );;5
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) %‘j'
® PHENIX (200 GeV, |y|<0.35) ¢ UA1 (546 GeV, |y|<0.8)
7061I| | | IIIIII| | I IIIIII| | | |
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Summary %

ALICE
= Cross section -0 - -
é 1.3 E
3k Ratio of cross sections for different R in agreement &, & 1 ALICE-PUBLIC-2024-003
with theory and within the different collision systems % 1 15_ ]| Pb-Pb &pp {5y =5.02 TeV
O AE 1| y'so ALICE
N . . . § E i % E 20 < p# <25 GeV/c, In"1< 0.67
%k R, ~ 1, no y production modification by QGP 2 = § T 4; --------- i | f-02 A-04
5" 0 92_ B ¢ o Statistical unc.
2 but for 50-90% & 70-90%: R, ~ 0.9, agreement (16) =3 [ % . Systematic unc.
0.8 = | Z° cMs
with HG-PYTHIA, model of the centrality selection bias - - zgf}nRiv%ggtté;f;c(gﬂzlﬁlozzgoz
, | o 0-7f — HG-PYTHIA 3| ssteatvne.
2 PDb-Pb col. agree with nPDF prediction 0.6l Phys. Lett. B773 (2017) 408-411 | Systematic unc
T LE | | | -

0-10 4030 050 5070 4090
Centrality (%)



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

Summary

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




ALICE

Thank you for Your attention!
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Table 1: Cluster reconstruction and selection criteria. Description and discussion can be found in Ref. [80].

Cluster seed threshold Egeeq > 500 MeV

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

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

Ehighest E cell

Cluster time - bunch crossing time

Abnormal signal removal

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

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

int

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

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

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

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

Pb—Pb:

MB 0-10% pr<12 1.189 £ 0.011 1869 & 26
MB 10-30% pr <12 0.522 + 0.005 409 £+ 5
MB 30-50% pr<12 1.163 +0.010 308 &5
MB+L1-y-high 0-10% pr>12 450+02 250+002 3936+ 55
MB-+L1-y-high 10-30% pr>12 792404 4904005 3834+ 51
MB+L1-y-high 30-50%  pr>12 179.3+15 5.01 £0.05 1325 + 21
MB+L1-y-low 50-710%  pr <12 722 +£1.2 3.5+0.5 230+ 5
MB+L1-y-low 70-90%  pr <12 315+ 13 362 +0.11 395+1.3
MB+L1-y-hightlow 50-70% pr>12 982+12 488+007  322+7
MB+L1-y-high+low 70-90% pr>12 410420 51402 55 4+ 2




- @ Pb-Pb 50-90%: cross section and ratios

®+ ALICE
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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV
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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 cross
section ratios
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Nuclear modification factor Raa, pp & Pb-Pb at , /sy = 5.02 TeV %
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Cross section, pp /s =7 TeV
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Cross section ratios in pp collisions
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Isolated y purity in p-Pb collisions, R=0.4
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Cross section, p-Pb
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EMCal trigger performance, pp & Pb-Pb ,/sxy = 5.02 TeV %
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EMCal cluster shower lateral dispersion parameter %

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

O Parameter depends on cluster cells location and its energy
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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EMCal cluster shower shape, pp & Pb-Pb /sy = 5.02 TeV
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EMCal cluster shower shape, pp \/E =13 TeV
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EMCal cluster shower shape, pp & Pb-Pb . /sy
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suy = 5.02 TeV

=0.2, pp & Pb-Pb

ABCD regions, R
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suy = 5.02 TeV

= 0.4, pp & Pb-Pb

ABCD regions, R
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Isolation momentum in cone, pp & Pb-Pb , /sy = 5.02 TeV
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Isolation momentum in cone, different UE areas %

ALICE
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Purity for R=0.2 & 0.4, pp & Pb- Pb\ﬁ =5.02 TeV

- ALICE, v =5.02 TeV

0.2F Pb-Pb, 0-10%

10 20 30 40 107
,o_yr (GeV/c)
o 1'_' S h
0.8F .

@f @

Pb-Pb, 50-70%

10 20 30 40 107

pi (GeV/c)

4

0.4}

0.2

0.8

0.6

0.4

0.2

0.8}

0.6}

p$° "< 1.5 GeV/c, In"l <0.67

- Pb-Pb, 10-30% -
10 20 30 40 107

p_yr (GeV/c)
- Pb-Pb, 70-90% -
10 20 30 40 107

pﬁ (GeV/c)

O 4t

0.4

0.2

0.6
0.4

0.2

0.8}

0.6}

—— Sigmoid fit, low p_
- = = Sigmoid fit, high p

@B -

0.8}

- Pb-Pb, 30-50% -
10 20 30 40 107

p? (GeV/c)
. R=02R=04 -
L ¢ 0 Stat. unc. :
— Syst. unc. —
- 0~~0 PP p
10 20 30 40 107

pi (GeV/c)

Distributions fitted to sigmoid function 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 (R, ,(7z°) < < 1)

ALICE




Isolated y efficiency components, pp \/E =13 TeV
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Efficiencies

Efficiencies

Isolated y efficiency components, pp & Pb-Pb , /sy = 5.02 TeV
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Selection probability depending isolation threshold, R = 0.4,
pp & Pb-Pb , /sy = 5.02 TeV ALICE
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Pb-Pb 50-90%: efficiency and purity %
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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: D(zy)

ALICE
lracp = Pb-Pb Data / pp pQCD Icp = Pb-Pb (semi) central / peripheral
® ALICE prelimi S L e emoomer e e ALICE preliminary
2 prefiminary — - % 0-30% /50-90% stat. unc. ALICE preliminary !
Q o2 B Pb-Pb Pb-Pb, \/s,,, =5.02 TeV B 2 — svst. UNC Pb-Pb, \/SNN =502 TeV —
g | PPMOTpQCDNLOPP  pp, 153 4 1n71<0.67 : ! Yo Ag 1537 1n"l<067 -
- Py 75 TS ! ¢ 30-50% / 50-90% stat. unc. Pyon 750 TS ]
- 18 < pTy <40 GeV/c ® pTh > 0.5 GeV/c - i t 18 < pTV <40 GeV/c i
: | B syst. unc. ) R
1.5 — = 0-30% stat. syst. unc. — 1.5 ] Py >0.5 GeVic |
* 30-50% stat.  syst. unc. ®:® : ]
¢ 50-90% stat.  syst. unc. - 2
A SN S A O - L e S I -
— 0 — L o _
L ® 0 ] B |
P
— ®) - -»> <« - |
% ! | BB B Lt L. e N
. 0.5

0.5 e . .............................................................................................................................. ] B - . B
| - I
0 | : P L -

0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
ALI-PREL—-556595 ZT ALI—-PREL-557200 ZT

EP seminar | 21/01/25 | G. Conesa Balbastre



—_
o

—

1/ N"d°N/dandiae| d z;
>

N — — —
— o Q S <
—_ o N N w N

1/ N"d°N/dandiag| d z;

—
<

Isolated y-hadron correlations in Pb-Pb: RHIC & LHC

T T TTTTI

T T lllllll

T llllllll T llllllll

T Illllll

T lllllll

ALICE prelimina

0-30% Pb-Pb, |5, = 5.02 TeV

ry

3 y
[E] |A€0y_h| >E 7, In’| <0.67

o

I x a

==

¢

¥

18 < p/ <40 GeV/c ® pTh > 0.5 GeV/c

® ALICE, stat. unc.

¢ STAR, stat. unc.
¢ PHENIX, stat. unc.
syst. unc.

1 1 1 1 | 1 1 1 | 1 1 1 |

| lIIIlIII | IIIlIlIl | IIIIIIII | lIIlllII [

0 0.2 0.4 0.6

0.8

T T TTTTIT

T T lllllll

-
jt

T llllllll T IIIIIIII

T T lllllll

Illll

— =

. |
& ]

.:45*]—1

®
—1 # "

=

ALICE preliminary
0-30% Pb-Pb, |/s,, = 5.02 TeV

I E % 7, 1n7| < 0.67

18 < p/ <40 GeV/c ® pr‘ > 0.5 GeV/c

I

ALICE, stat. unc. [

=

¢ CMS, y—jet, stat. unc.

+ CMS, Z-hadron, stat. unc.
syst. unc.

o

0.2 0.4 0.6

N
—
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PHENIX, PRL 111, 032301 (2013)
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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)

_ _ s PTcES e PTEES
s 015 F S S ERERREREREAREREARERS s ]
< —+— < < < : .
-~ . -~ -~ i~ i ]
_8 0.05 ‘ _g _8 . _8 5 | _9._.
z OFf : =z = — =2 ) # = :é:#:tj: :
g‘)o ~0.05 E 3 .g:c | g‘)c ............ g)'o :
2 01k E = 20 : 2 Z 5[ B b
- - 40 [ - - [ :
~0.15 | - : : -
s _10 - -
P R - S S e S S S L S U S S
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
A@ (rad) A@ (rad) Ao (rad)
10°3 0.40 <z, < 0.60
S1fF . s ALICE preliminary
<] : ] <] .
S 8F BE m— 0-10% Pb—Pb, \s,, = 5.02 TeV, || < 0.67
s I - = i
g 6 | _& f . g 20 < p;'g <25 GeV/c ® pTh > 0.5 GeV/c
2 4 - . 2 clusteryaon: 0.10 < 0%, 55 < 0.30
:p 2t :EE —— | :n clustersy,:0.40 < 62, 4. <1.00
“2 0 ;-- ) B R .. “2 ¢ CIUSter'nS:rrow
- 2F - = so
N f ¢ (1-P)-cluster®

- J,iso

I

EP seminar | 21/01/25 | G. Conesa Balbastre



Isolated y-hadron correlations in Pb-Pb: D(zy)

. g O oo omeow L
S ; S S ; ' ' ' ' ' ' soo b
o 0.15 ¢ yo) © i © I
g 01f 3 3 3 |
— ~ = 20 s =~ 10
g 00 % $ 5
2 : 2 o 10 o o
£ 0 : £ £ ——_ - £
< ; : < < 0k % ......... . <
= 005 : - - : -
o04El . .t ]

ALICE preliminary

Y Y
< <] .
- m— 10-30% Pb-Pb, |5, = 5.02 TeV, |79 < 0.67
5 ] 20 < p.™ < 25 GeV/c ® p! > 0.5 GeV/c
© )
2 E clusteryaon: 0.10 < 0%, 55 < 0.30
:? ;“? clusteryy,: 0.40 < 02, o . <1.00
> > -2 & clustersy .,
: : ! _ ) iSO
: : oy ] ¢ (1-P) cluster®
_6 [ . ) o _ N S S TP ) " lJ. 7iso
0 05 1 15 2 25 3 0O 05 1 15 2 25 3 '
—PRFET.. | . S\ (rad) Ag (rad)

EP seminar | 21/01/25 | G. Conesa Balbastre



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 cross section R ratio in ATLAS, pp /s =13 TeV
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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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