Measuring isolated prompt y production in

small & large collision systems with ALICE €3

= Differential pt cross section
* pp at4/s = 13 TeV arXiv:2407.01165
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— Test pQCD predictions, constrain (n)PDFs & FF
& Cold nuclear matter (nPDF) effects can lead toR,, , # 1

— pl =~ pP"°" before parton loses AE in QGP
— Measure FF modifications, where is the AE radiated?
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— QGP pre-equilibrium y? R, , > > 1 (glasma phase)

— Jet-QGP interaction y? R, , > > 1 (hard partons scattering)
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Signal selection & purity
» Selection:
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= Shower elongation: al%mg for “narrow” clusters

* Purity, ABCD method: Phase space of calorimeter clusters divided in
4 regions: A, signal dominated & B-C-D, background dominated
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Signal selection & purity, pp Vs =13 TeV

o Selection:

= |solation: pis® ¢h < Z pivacks in cone

T, min

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

* Purity, ABCD method: Phase space of calorimeter clusters divided in
4 regions: A, signal dominated & B-C-D, background dominated
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— pug * 7 - R? in cone radius R

NiSOTO= jetjet (BiS0T50) + y-jet (S50:50)
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ALICE

= NLO pQCD predictions (JETPHOX)
and data agree

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

= Lowest xT at mid-rapidity




Theory / Data
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ALICE

= NLO pQCD predictions (JETPHOX)
and data agree

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

= Lowest xT at mid-rapidity
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ALICE

= 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
W’(\/E) scale from xt ~10-3 to 10

Full list of older results compiled in D. D’Enterria & J. Rojo
Nucl. Phys. B 860 (2012), arXiv:1202.1762 [hep-ph]



http://dx.doi.org/10.1016/j.nuclphysb.2012.03.003
http://arxiv.org/abs/1202.1762

Cross section, p-Pb , /sy = 8.16 TeV

"G :I | | I I | 1T | L | L | | I | 1T I L | | .I__
> [ % ALICE Preliminary N ALICE
O 3_ *-‘t —1.17<77*<0.23 i dzo' A/dp dy
2 10°= * PP < 1.5GeVic, R=04 3 Roa =
1> F - e|pp, Vs = 8.16 TeV (extrapol.) App X dzo'pp/ de dy*
°l% [ e -Pb - 8.16 TeV _
Sl — ¢]p-Pb, {sy, = 8. -
-c ~‘~ o '
1025_ . mod. power law fit =
— T = NOorm. unc. - < =T 1 1 T [ T 1 1T T [ T T° 11 I N N N Y B Y L B B B B
N 7 o = _
- & e - o 1.4 ALICE Preliminary ATLAS (Phys.Lett.B 796 (2019) 230-252) —
10 & _ — r 8.16 TeV, -1.17 < n* < 0.23 \[7—816TeV -1.84 < n* < 0.91 o
= *“ = - [e] data: R = 0.4, p'SO "< 1.5 GeV/c (¢ Jdata: R=0.4, E7° <4.8 + 0.0042 x EY GeV |
- N S . 1.2~ —
1 o = - — J s
= e PPYVs=8TeV - ol M D S (R S e SRR T X
— JETPHOX NLO ... (scaled to 8.16 TeV) . El T ) ) i sy e S |
with BFG Il FF — puny LA S —
107 "= EEe—— — B T B
0 = VSyy = 8.16 TeV * = 0.8 S ’ ]
[ —— NNPDF40 N u 7
2_— NNPDF40 + nNNPDF30 .- ‘y S B JETPHOX pQCD at NLO _
S S N I I WA IR W I 0.6 with PDF unc. (90% CL) —
g’ 88 1.5— | ' | | ' i — — BFG Il fragmentation function —
j % C PP Vs = 8.16 TeV (extrapolated) T - —— nNNPDF30/NNPDF40 _
- 1.0 . .| : VY. | — — ---- EPPS16/CT14 _—
- =il "= | ] 0_4_ ....... "CTEQ15/CT14 ]
:_ - PDF i Lisls | _: — 111 1] | L1 11 | | I | L1 1 1 | L1 1 1 | L1 11 | L1 11 | [ I
- ?: — I —— I | |urlcleriltallnlty| ;I / I : | |SC|a|e E/a;n?atllorl] 0 |5p| |< |‘u|<|2F|) — | = 0 10 20 30 40 50 60 70 80
E § "L p-Pb, {5y, =8.16 TeV S ik P (GeV/c)
= - . I .
05 :_ ——— PDF uncertainty <<= scale variation: 05p <u <2p _: ¢ RpA |n ag reement W|th Unlty
' — 1 I 11 | | I | 1 1 | 11 1 | | | 1 11 I 11 1 1 I | I 1 1 I | 1 I | | | =
10

0 80 40 80 00T eV o Hints of lower than unity for pt < 20 GeV/c, expected in theory,
+ NLO pQCD predictions T cold nuclear matter effects, shadowing

(JETPHOX) and data agree o No suppression at high pT, agreement with ATLAS




dn (nb GeV'c)

Cross section, pp & Pb-Pb at , /s, =5.02 TeV &~ av & »

de d”l N, events X RFetrig de d’/l Acc X gji/so X 8trig

E ‘ | | | | I ‘ E ’G E ‘ | | | | | I ‘ ;
- ALICE, pp & Pb-Pb, F 502TeV - ~ [ ALICE, pp & Pb-Pb, |5,y =5.02TeV - ALICE
10° 1’1 < 0.67, p=° . 15GeV/c,R=02 - S 10°= Iy 1 <0.67, p=° 2 15GeV/c, R=04 -
- Pb-Pb: - o Gk Pb-Pb: -
it e : pp b 0-10% _ = 1ot ¢ pp i 0-10% _
E M = System. unc. ¢ 10-30% = 5 e System. unc. & 10-30% >
S LI ystem. unc. ¢ - © = R, S y b -
N S e - ¢ 30-50% | R = ¢ 30-50% -
10°E N 5 50-70% = T 0% ) o e 5 50-70% =
: e 5 70-90% 1 o - e 5 70-90% 1
e I oy S © S -> <« >~ [ o ——
1025— o] — — R N = @ @ @) 102? =] - - | > E
- = o S . - o F S -
C e =N ] NG = ]
T s R N R s N . 1o B, Tm CEl S =N —:
E @E‘ [N ':D:::.:I E E E@ E EIII E
B L o ] B (2 T h ]
ik == — ik S Nl T N e
- 5 E - == A :
- |——=:}-_| ] - ] —
107 = 107's =
- AR 3 O--0 - — ]
o[ NLO (JETPHOX), 0-100% . N _»[ NLO (JETPHOX), 0-100% N
1075 prec2 Gevie - 1075 prec2 Gevie N
- Scale uncertainty pV/2 < u< 2p ] B Scale uncertainty py/2 < u< 2p N
1023t (n)PDF uncertalnty — 10 (n)PDF uncertamty —
- opp : NNPDF40/BFG Il FF 5 - pp : NNPDF40/BFG Il FF .
-l Pb-Pb: nNNPDF30/BFG Il FF x (Nyy) - -l Pb-Pb: nNNPDF30/BFG Il FF x (Ngy) -
= ‘ | | | | | [ ‘ = = ‘ | | | | | [ ‘ =
10 20 30 40 50 10° 10 20 30 40 50 10°
p? (GeV/c) ,o_yr (GeV/c)

* Wide range: 10 < pt < 140 GeV/c in Pb-Pb 0-30% & 11 < pt <80 GeV/c in pp

 NLO pQCD predictions (JETPHOX)
= Note: Theory calculated for 0-100%, PDF (pp) & nPDF X N__,; (Pb-Pb)




Cross section, pp & Pb-Pb at , /s,y =5.02 TeV
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 NLO pQCD predictions (JETPHOX)

= Note: Theory calculated for 0-100%, PDF (pp) & nPDF X N__;, (Pb-Pb)
 Theory & data agreement for both R and collision system




Cross section R ratio, pp & Pb-Pb at ., /s, = 9. 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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Nuclear modification factor Raa, pp & Pb-Pb at , /s; =5.02 TeV %
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Isolated y-hadron correlations in Pb-Pb at , /s\ = 5.02 TeV, R=0.2

N

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

. Tags the parton initial energy p! ~ p?*"*", before losing AE in QGP \
= Aim: Measure FF modifications, where is the AE radiated? ~

P
= Trigger: isolated narrow or wide clusters, R = 0.2 & p3° " < 1.5 GeV/c f%
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rton -
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= Azimuthal correlation: Agp = "8 — K with
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- T = . and D(zy) = for tracks in |Ag | > 3/5x rad (mirrored)

p;rigger Nitrigger Z7 )
= When trigger = prompt vy, D(zy) is a proxy for FF
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» Detalls in back-up
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Near side




Isolated y-hadron correlations in p-Pb & pp, R = 0.4: D(zy) %
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Isolated y-hadron correlations in Pb-Pb: D(zy) %
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 Ratio with respect to:NLO pQCD pp collision simulation = A proxy for I,, =

Isolated y-hadron correlations in Pb-Pb: D(zy)
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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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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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Nuclear modification factor Rpa P,/ dprdy’
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y measurement in ALICE %

ALICE
* Y measurement . PHOS: PWO. crystals (2.2 x 2.2 cm)
= (Calorimeters — 4.6 mfrom IP
« EMCal: Pb/scintillator towers (6 x 6 cm) - |n| <0.13 for Ap =70°

— 4.4 m from interaction point (IP) — l|dentification via EM shower dispersion

— |n] <0.67 for Ap = 107°, 0.22 < || < 0.67 for Ap = 60° (DCal); selection

— ldentification via EM shower dispersion selection - E,>200 MeV

— E,>700 MeV

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

— R<180cm
— 8% conversion probability
— |n] < 0.9 for Ap = 360°

~ E,> 100 MeV

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

= Prompt v: Isolation (next slides)
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EMCal trigger performance, pp & Pb-Pb ,/sxy = 5.02 TeV %
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Prompt y identification in ALICE: EM shower spread shape & isolation with tracks%

ALICE

Prompt y at LO 2—-2: isolated

= TPC+ITS charged tracks
3 ITS only for pp col. aty/s = 5.02 TeV

= Select y with low hadronic activity in R,

small pISO ch
c
\/ (hsack = 1) + @ack = #,)? <R =04 02) 8
1s0 ch _ Zptracks in cone __ PUE - TC - RZ <1.5GeV/c g
sk Underlying event (UE) subtracted event-by- ; S
event, pyg density estimation (back-up slide) Isolated Non Isolated . Non Isolated Non Isolated
©
O
"
EM shower discrimination
= EMCal :
= Shower elongation 52 Prompt LO 22y Fragmentation Photon Decay Photons Merged Decay Photons
long
sk pp & Pb-Pb collisions at \/E = 502 TeV: = circular = circular narrow clusters, = decay y merge, £ _, > 6 GeV
| ' o “narrow” cluster potentially wider due to elliptical “wide” cluster
Calc:ulate(?I in 5 >2< S cells around the highest jet particles nearby
energy cell — oy, sys merging

Hard Probes | 25/09/24 | G. Conesa Balbastre



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 & Pb-Pb . /sy
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EMCal cluster shower shape, pp \/E =13 TeV
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Prompt vy identification in ALICE: EM shape & isolation
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Prompt vy identification in ALICE: EM shape & isolation
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Isolated y purity in pp collisions, R=0.4
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Isolated y purity in p-Pb collisions, R=0.4
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Purity for R=0.2 & 0.4, pp & Pb- Pb\ﬁ =5.02 TeV
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Isolated y efficiency components, pp \/E =13 TeV
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Isolated y efficiency components, pp & Pb-Pb , /sy = 5.02 TeV
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Efficiency, R=0.2 & 0.4, pp & Pb-Pb ,/s5n = 5.02 TeV
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Pb-Pb 50-90%: efficiency and purity %
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Cross section uncertainties, pp & Pb-Pb /5,y =5.02 TeV, R = 0.2
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Cross section uncertainties, pp & Pb-Pb /5,y =5.02 TeV, R=0.4
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Raa uncertainties, R=0.2 %
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Raa uncertainties, R=0.4
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Isolated y-hadron correlations in Pb-Pb: Azimuthal distribution %
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: RHIC & LHC
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Isolated y-hadron correlations in Pb-Pb: D(zy)

010 <z, <0.15

0.15<2;<0.20

S 7 s 1F .
< 5 < Z Z
© © _ i
g S ] PO
:
24 D06 f :
< 3 = :
o % 04 :
£ 2 2 |
Z 1 20.2' -
1 .
0O 05 1 15 2 2A5 ( %)
o (ra
B T 0.60 <z, < 1.00
3 i 310- """"""""""""""" .
5 20 | S gl :
315 | 3 5t ;
o : +
& 10 Q :
2 S R
e 5| = 2'__._ :i_—l— ——
= ol : 4
- o} RS AR o AR-S e ol .;

Hard Probes | 25/09/24 | G. Conesa Balbastre

0.20 < z; <0.30 1078 030 <z,<0.40
0 s [ |
-} - 40 | :
= a - S ]
S < i:‘:.:*ﬂ:.éq—_t"‘
o 01F ; o 20 f :
=005 f e =10} —$
~ ~O— ~ I i
S 0 ber e g 00O . - T 0 Frtetre o etnag
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
A (rad) Ag (rad)

ALICE preliminary
0-10% Pb-Pb, s, = 5.02 TeV, [n"| < 0.67
20 < pT"‘g <25GeV/c ® p." > 0.5 GeV/c

iso . 2
clusterzron: 0.10 < o 5,5 < 0.30

+ Same Event
% Mixed Event

¢ Same Event - Mixed Event




Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron correlations in Pb-Pb: D(zy) %
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Isolated y-hadron correlations in Pb-Pb: D(zy)
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Isolated y-hadron 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 \/E =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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