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Outline

A Introduction

A Mesurements %

ALICE

I Coherentandincoherenty photoproductionin P-Pb
I Coherenty (2S)photoproductionin Pb-Pb

I Exclusiveanddissociatively photoproduction inp-Pb
andpp

I UnS (n=1,2,3)photoproductionin pp and pPb

A Summary
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A Impactparameterb >R, +R,
A Hadronicdinteractionssuppressed

A Photoninducedreactions
A Welldescribedh y

2§ A-WiliashSspsaXination

A Photonflux ~ Z2(Z.,= 82)
A Largeginducedinteractioncrosssection

A Clearsignature

A Lowdetector activity

A Rapiditygap(s)
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Photoproduction ananainvariables

A ~ 2
OEDishere A I\{IomentumscaleQ2 Myy?/ 4 )
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= — I Semihard scalefor r °meson
Pb. p gQZ Pb.p A VectorMeson(VM) quantumnumbers
. e 1.
M@y, y@S)tp) T FET
W Lo oS A Bjorkenx: fraction of longitudinalmomenturr
= of proton
Pb, p = Pb,p : v
W Q
— J
~ A U Photoproductions sensitive to gluon densit
0QCDs here ) evolution at lowxg |
U Thereare new NLOcalculations
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A Photontarget centre-of-massenergy
W - R C‘O ﬁD Q
A 4-momentum transfer t

I Gluon gistribution In the transverg@ane
|t] ~py
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photoproductjonq LO vs NLO

LO:
I Gluons
I RyskinZ.Phys C 57, 892 (1993
S orx
SO (Os R
A NLO:

I Quarksplaya role

I Eskola et alPPhys. Rev. C 106 (2022
no. 3,035202 arXiv:2210.16048

M = Mg” + Mg"® + MG"°
A Differences
I Gluonsvsquarks
I Shape
I Normalization
I Scaledependence
i nPDRdependence

| A Whatisthe impactof higherorder

correction®
A Becarefullwith interpretation!
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Photoproductiontypes

A CoherentVectorMeson(VM) photoproduction:

A Photoncouplescoherentlyto all nucleongwhole nucleus @

A <p V>~ 1/R,,~50MeVic

A Targetion staysintact Aconerert
A Incoherent VM photoproduction:

A Photoncouplesto a single nucleon

A <p V>~ 1/R,~400MeVc $

A Targetion breaks nucleonstaysintact
A Usuallyaccompaniedy neutronemission

A Exclusive/M photoproductionon target proton:

Incoherent

A Photoncouplesto a singleproton e §

A <p V>~ 1/R,~400MeVc A

A Target protonstaysintact (similarto coherenj in pPbcase I = L
A Dissociative(or semiexclusivieVM photoproduction: Eur, Phys. J. C (2010) 79:2

I Photoninteractswith a single nucleon aneicitesit P P

i <pM>~1GeVc TR by

|
I Target nucleon anabn break(in heavyion collision
I Target protorbreaks(in p-Pb) <



Motivation
A Whereis gluonsaturation?

i Saturationscaleenhancedor nucleiby factor A3 (QA)?° cQy? [A/X]Y/3

Coherentvectormeson(r %, Jy, y (2S),¥{S) photoproduction particularly
sensitiveto the gluonshadowing

I Nucleargluonshadowingfactor R(x,Q?)=ga(x, )/ Ag,(x,Q¥) < 1
I Saturationmay contribute to nuclearshadowing
I Searchfor saturation atiow xg

A Howwell do we modephoton flux?

A Constrainparametersof models

A pQCDiest

>

xf

e T bree | A Sy (A0 O A TN Eskola et al Eur. Phys J. C 82 (2022) 413
‘ Accardi et. al: Eur.Phys.J.A 52 (2016) 9, 268 o~ 1‘6 BRI Rl et
. QAY) = - I
F G HERA saturation o s > 1.4
10 P Q2 = 10 GeV?2 region d\@%‘ O L
F 4 @ |
. 312 |
g < |5 = 1.0 F
F = (0] |
= | = |
101E Il © =
: | < 0.6
\ =) 3
- — HERAPDF1.0 \ E f BFKL \_E:/ O 4
1022 Il exverimental uncertainty "":::,I cIJ_ DGLAP E":\
F |:| model uncertainty S H‘.::“ 0 2 |||||||
L I:l parametrization uncertainty ‘, \ c 2 ||llil'::.:.‘
10—3 Lol Lol Lol L |w|l\-| r p_ m O 0 llllll Y ] L\
104 1073 1072 1071 1 A2 In Q2 /\ ) 4 3 9 1
QCD - - - -
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Motivation for t-dependentmeasurements

A Gluondensityisimpactparameterb —
dependentat givenBjorkenx and Q? [
A b andp; are Fourierconjugates B ”

20 | t| - dependenceof the cross
sectlonhelpsto constraintransverse

gluonicstructure at low X, ///
A In Goodc¢ Walkerapproach — R

I Coherentphotoproductiontells about
transversedependenceof the gluon
shadowing

A Saturationmay contributeto nuclearshadowing
I Incoherentphotoproductionis sensitiveto

the varianceof the spatialgluon
distribution (subnucleonidluctuationg

s h Ws)d h W)s

Total Coherent
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Motivation ¢ cont.

Mantysaarj SchenkePLB 772 (2017) 832

10%

Pb+ Pb — J/¥ + Pb+ Pb, /5 = 5.02TeV, y = 0
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= Geometric and ¢}, fluctuations in the nucleons
=== Mo subnucleon fluctuations

Incoherent

0.0

0.L 02 03 04 05 06
t [GeV?]

07

y|fm]

OF

=4

A Variationsin nucleonpositionsand/or gluonic
hot spots- quantum fluctuations

A Larger t| range -
A

T Access taifferent scalesnucleus nucleon
hot spots

2024019

scatter of smaller object
Coherentvs.Incoherentvs.Dissociativelly

&

(=0,

1

Eventby eventfluctuations of proton densityprofile

0
x|fm]

'1

~T 0
x[fm]

i

H. Mantysaarj B.Schenke PRD 94 (201®34042,
J Cepila et al., PLB 766, 188017),
S. R. Klein,A”C 107, 055203 (20R3
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J/y in PePDb atQﬁ\,

Pb Pb 1.52 nh (5.02 TEV)

Nucleargluonshadowingfactor

T %: 0.64° 0.04for

Compatibility betweenALICH,.HCB and CMSresults

0.3% 103<xg< 1.43 103

=5 TeV

E EE CMS
ALICE

EE:‘M ALICE Pb+Pb — Pb+Pb+J/y |5, = 5.02 TeV
Pb * Pb - Pb * Pb * J,w AnAn : [ [ ALICE coherent Jiy
6 —e— CMS - O 12__ -- gj&uFI{sLelém_roximation
S [ e
LUEl ALICE 2019 S i ° - ——EPSwlOEK)
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—o— e © —— IPsa
4 F BEE LHCD 2022 T _gf e s O 8 — - okl ~R2=062
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N e a1 SIS o
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? F - STARLight CD_IIM ol
6 0 L ! ! ] ;; T e
—4 -3 —2 —1 0 E _\‘ | \ | | |
y 04 -3 2 1 0 1
. y
Forwardregion (ALICE, CM3{Ch: Jy - ntm . -
. s - Widerapidity range
Centralregion (ALICEYyY - mtm, e"e, pp

ALICEEPX 81 (2021y12
LHCbJHEP 07 (2022) 117, JHEP 06 (2023)
CMSPRL 131 (202262301

0 thrision$are visible

No model describeghe full rapidity dependence

I Modelswith nuclearshadowing(EPS09 LO, LT#)saturation (G@1S)describecentral
andveryforward data buttensionsin semiforwardregion

I Othermodelsdescribeeither (semt)forward or centralrapidity region

2024019
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RapiditydependanceAmbiguityproblem

A TwosourcesY two valuesof x;

ALICEEPI 81 (2021) 712

- g 14— ALICE Pb+Pb — Pb+Pb+J/y \f‘sT,N =5.02 TeV
V) 0 )" G ) ) 0 ),, G ) > o @ ALICE coherent Jy
o | ===- Impulse approximation
. © L --e-- STARLIGHT
 Highenergyphoton > 0O B | —— EPS09LO (GKZ)
. 10— === LTA(GKZ) aemmmmeell
-| - Q T IIM BG (GM)
C T — = IPsat (LM)
g~ — - BGK-(LS)
| ---- GG-HS (CCK)
- —=bBK(BCCM)
Detector 6?
- 4
///H\& . p U :
(6)) i
Pb Pb —| ﬁ Cﬂl 2
o LOwenergyphoton Pb
-5 0 ~ 3 5
2 L5 Y~ 1.1° 10 50 %eachxg~ 103
oy - 2: 95 %xg~ 3.33 1072
] 1:40 %xg~5.13 104
1 " o 2: 60 %xg~0.73 102
C
Pb Pb

Contreras, PRC 96, 015203 (2017)
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Solvinghe ambiguity problem

—= 60 ) @ ) 60 ) )
Photonflux Photonenergy
Coherentlly at midrapidity Coherentl/y at forward rapidity
A UPC crossectioncanbe A 95% of the crossectioncomes
directlylinkedto from the low energyphoton
photonuclearcrosssection (highxg gluon)
Q, . [
o SO0 ) () 58 00 1 ()

/

Todisentangledoth photon contributionswe needto measurethe
same proces iperipheralcollisionsor with EMO
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Techniquedo solvethe x; ambiguity

A Differentbreakupclassesisingthe neutron ZDC on the A andsi@e

I Guzeyatal.,EurPhys J. C 74 (2014) 7, 2942
I Photonflux dependson theimpactparameter
A Takenfrom theory, burdenedwith uncertainties
i Solving the linear equations resolvesthetv® t R | YO A I dzA G &

5 G Re), @ he) B G R ( Ho
6 G ha, ( Fd) |6 (6 hd, (@ 7o
extracted

) measured theory
A SimulataneouslysesUPC angberipheralclasses
I Contreras PRC 96 (2017) 015203

5 R ( R 60 R, ( ho
6§ Rh®, ( F) 00 ha, ( RO
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Coherentlly

In non UPC RBDb

A Lowp; (< 0.3GeVc) andR,, excesg24s for
—. 270 T T T
the penpheralclasé. explainedby S Joof DG ' El™
~ photoproductionin peripheral collisions S 1s0f v iogaas _%
A Hadroproductiordominatesin higherp; S 160F 30<m,, <32GeV/e? P
0 140 ;_ 2;1} -::ZE -=:Z4_5 _; @)
Intervals 1208 Noy=277%19 35
A Gooddescriptionof Ry, by model (WShiet ~ 10f + D E(3
al.) with mediumeffects+ photoproduction 80F T j}ﬁ pfmzjﬁiz A EN
QGPeffectsalsoconsidered oE ELS
A Bothforward andcentralregion | Photo 5 1 EIN
A Isisthe same foother VMs? production | o ETECE %
Centrality (1600%) (5T0%) (3B0%) ____(1030%) O10%) In(p3/[MeVe?)
~ 10 . |:(Z < 10 T r 117 r
ALICE, Pb-Pb |s, = 5.02 TeV i I(_'T_I) 3 | ALICE Preliminary Pb—Pb,.\.sNN_ 502TeV
~ Jy > un,25<y<4 : “g % 8 :— gg;giﬁiti?r_lzgr{;inty: 9.2% —:
p. <03 GeV/c ! Data []Model ) ? 38 _8.'_ : ——Jiy e, [y] <0.9 i
i 0.3<p <1GeV/ic | Data [[JModel i S fsg > or Upper imit 95% C.L. 7
> N 1<p <2GeVic { Data Model i g i ; Tw_ Thaetal .
= 4 Phys. Rev. C99 (2019) 061901 —
> - ]
1k ® - l + .
s BT 4 -
i | | | | 7 ﬁ 0 :—l_ R B . _|__|__'|_:
o""50""106'”156”'206'”250'”'306'”356”21002 0 0.05 01 0.15 0.2
> W o8 (GeV/c)
W. Shiet al.,Phys Lett. B 777 I&2018).53990;)5
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Impactparameterdependence

No breakup(OnOn) A Excitationof the nucleipossiblethroughthe
== secondaryphotonexchange
Pb Pb Y Giantdipoleresonance
All protonsvibratingagainstall neutrons-
== >»—Knocksut neutrons
Pb Pb

Singlebreakup(XnOn + OnXn)

y =—p

= > R
Pb Pb I x'“- : ZRQ‘ -
X
e > s \
Pb Pb* + X & 05 Al STARLiGHT -
: LHC beam energy
LAY —— Onln
Doublebreakup(XnXn v A —— ¥nln
; ) i : ﬁ“n — XnXn
* Py | [ e S T 0 Y It B I T T I I |
Pb Pb* + X 0 1I|: [ 1I|:IE |'I:'!
b (fm)
= UPC eventlasifier OnOn, OnXnxXnXn
Pb Pbx+X - viaelectromagnetiaissociationEMD)
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Neutronemissionn UPC

ALICE

Pb—Pb |5, =

' No signal in ZEMs

Data
Fit, 1n—6n
Fit, In

502 TeV |

CMS

@ | FH,.IQE
Tk eam UPC **Pb-208pp, \"S—NN =5.02 TeV
© F e ALICE ]

- RELDIS .

10

ALICE: PRC 107 (2023) 064902
1 1 ] 1 ] ] ]

6 g 10 12 14
Ene (TeV)
G (in) o RELDIS () U"H"[ill}
ZN
(b) (b) (b)
In | 108.4£0.1£37 | 108.0£54 | 103.7+£2.1
2n | 25.0£0.14+1.3 259+1.3 23.6+0.5
3n | 795004023 | 11.4£0.6 6.3+0.1
4n | 5.65+0.03£0.33 | 7.8£04 4.8=+0.1
Sn | 454+£0.03£044 | 6303 47+0.1
In~5n | 151.5£0.2£4.6 [59.8+5.6 | 143.1+£2.2

ALICE: PRKD7 (2023)064902;

2024019

CMS:PRR7, 122001 (2021)

> >

>\

2 3 4 5 6 7 8 9

It is hugéd
Upto 5 neutrons

Hadroniccrosssection
Shag= 7-67° 0.24 Db

Gooddescriptionof 1n and 2n
emission, butother classesre
not sowell described

RELDIShys Part.Nucl 42 (2011) 215.
NOON:Comput Phys Commun 253 (2020) 107181
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CoherentJly in neutronclasses @

g 8? ALICE Pb-Pb | sNN 5.02 TeV 'E L ALICE Pb-Pb 4STN 5.02 TeV HLICE
= £+ ALICE OnOn = [+ ALICE OnXn+XnOn
E ;___é"i%‘@e%’pm'mam" . EQ_O_——_%%J@eri)prommanfm T . - i Correctedfor
5‘%%#? . 1'5:_:':_';6.T§KHE [ A Eventmlgration
¢ s of S amongclasses
s os. 7 A Neutronsfrom pile-
R e e e I e I R P .
B v » A Chargedarticle
%1.2;_ flﬁﬁéggg;k:olino: e %1.0:_ ?I:JSEEZ%;E:OXEUO: o prOdUCtlonfrom
e R dissociationof
087 Gens o[~ S&us either nuclei
o6 eI - [
- 0.4\ ;
e h N 0.2 ':"':' e S éugagfigfz(gg%:;%Ol
D e e e ML e e R
'1}5/02Tev 4 ’ . .
Somommon 1 A OnOnclasshasthe largeststatistics
_ +_._._—_ anm the lowestone
E e A Complementarymeasurementgrom
U S S CMS and ALICE
8| e i g i A Sensitivityto testtheoreticalmodels
o e A Good test ofphoton fluxes
2 —|3 ) 3
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Energy dependence of coherenyJ

r

A

r

A

BJorken -X
1072 10°° 1074 107°
5“103\_\I I [ |HI\I\ [ I ‘\I\\\\ I [ |\II\II [ |\L
2 ~ ¢ ALICE, Pb-Pb ys,, = 5.02 TeV (arXiv:2305.19060) .
g? ~ & CMS, Pb-Pb 5 = 5.02 TeV (arXiv:2303.16984) :
= — 7 Guzey et al., using ALICE Pb-Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) e
© B , Contreras, using ALICE Pb—Pb s, = 2.76 TeV (PRC 96 (2017) 015203) _ . -~ T
~ == Impulse approximation -7 : 7
--- STARIight i
10° = — EPS09LO ) =
- .._.LTA .,,,.--—-""" PR
_ ----GG-HS -
- —..-b-BK-A -
u —> i
100 o E
71:! \ \ \ I Lo \ Lo i
20 30 4050 10° 2x10? 10°
Wby, (GeV)
A RseatlowWg, ,~15GeV- ~40GeV
Y consistentwith fastgrowinggluondensitiestoward
lower Xg
A Flattishtrend from Wy ~40GeV- ~800GeV

2024019
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ALICE

Firstmeasuremenof
the energydependence
of the photonuclear
crosssectiondown to
Xg ~ 107

Orverywide energy
range(20- 800Ge\)

Consistencyetween
two methods Run 1
with peripheral
collisionsand Run 2
data with neutron
emissionclasses

Goodagreement
betweenLHC
experiments CMS and
ALICE

Bothsaturationand
shadowingmodelsare
favoredat low-x;

ALICEIHERDO (2023)119

CMS: PRL 131 (20252301
18



Nuclearsuppressiorfactor of coh. Jiy Z

Bjorken-x
1072 107 1074 10°
& 2 [T T I [ ‘ TTT T 1T 1 [ [ | TTT T T 1 I ‘ ITT T 1T 1 [ | 1 A
¢p) — ¢ ALICE, Pb-Pb s, = 5.02 TeV .
1.8 ¢ CMS, Pb—Pb \s,, = 5.02 TeV (arXiv:2303.16984) —_
16 — & Guzey etal., using ALICE Pb—Pb |5, = 2.76 TeV (PLB 726 (2013) 290-295) =
T A Contreras, using ALICE Pb-Pb s, = 2.76 TeV (PRC 96 (2017) 015203) ]
1.4— - - Impulse approximation ----LTA —] A
— == STARlIlight ----GG-HS -
120 —EPs09LO ~ = b-BK-A =
10— - — A
0.8— —
0.6— =
0.4 =
0.2— _/&
0 - | | | | I \ | [ \

20 30 4050 10? 2%10? 10°

No modeldescribeghe whole
energy Bjorkenx rangé

2024019 Adam Matyja Exclusive quarkonia productieiAussois

ALICE

Firstmeasuremenof
the nuclear
suppressiorfactor
down toxg~1.1% 107

Additionaluncertainty
from impulse
approximation
Lowenergy(highxg):
I Impulse
approximation
i STARlight
i $,~0.95
Highenergy(low xg):
I datafavoursboth
saturation (b-BKA,
GGHS) and
(LTA)
models
ALICEIHERO (2023)119
CMS: PRL 131 (20282301
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(2S)in PbPb atCsyy= 5.02TeVH) ik

A ALICEy (2S)- ~ ntmp*p;, e'ep'p, Moredata ALICE
Ve [:_: 1 1 1 T T T T 1 T 1 1 T 1 1 T 1
A LHCby(2S)- mm (t)re ada e Ay \ LHCbIHERG (2023) 146]
A Nucleargluonshadowingfactor pointsneede S ;’ N\ ]
1 Rg = O 66° O 06f0|’ O 33 10’3<XB< 1.43 10'3 :__:‘ 6.0 [ ; * \\\ ('-1]1(1';';[. 13\:;._‘;;).]1[:1[[:1[-[’_-11] ]
I ConSIStenWIth ‘]/y reSUIt = 4.5 : ; £~ A lzulualrllzull]lnc > A .
: b - _ ]
A Goodagreementof modelswith shadowing(EPS09 LO,,;-; -/ P\ *\ ]
LTAGuzeyet al.) T30k, 4 TN\ .
< . . o [ J R\ ]
A Goodagreementof ALICE data with modBICCMwith o H y L NN E
saturation) E ;f AN ]
Va . b Y .
A Othermodelsover/underpredict ALICH/HCldata 0. P 'U — 'm “f‘ﬁg
A Frst measurementof Jiy andy (29 p; spectra@ LHCb | | pr [GeV/d]
T30 ALICE Pb+Pb — Pb+Pb+y' |5, = 5.02 TeV K o data
g/ - ]..-J 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 i11 -
C @ ALICE coherent ' i ) syst. une.
§2-5f -- Impulse approximation LHCb iy Eéﬁ']'-\[klm]n
© [ - STARLIGHT E"]:]*h VNN = 5.02 TeV 1 10 wICD (G-
- — EPS09 LO (GKZ) Coherent Z 28) production 1% }HE\D (GKSZ):
20 L LTA (GKZ) [ uminosity une. : 4.4% 1 I:_'_E,).i[,m._:,:f_
- ---- GG-HS (CCK) J e
.5 —-bBK(BCCM) . E.‘?E?ﬁ}] HOLPY
E L . | ot * | T : 1:‘tJ]c11::-l:.1.:l;:l::i:l::
- > i A B R T _| —=—boco+Be (GMMNE)
1.0— P - = Ut ' T I —+— bOGC+HOLO (CMMNS)
i e . e e T & e WSS 1 —— IP-SAT+BGC (GMMNS)
C e ‘ ...... THL] o . e ] —— IP-BATH+GLC (GMMNS)
- Lol e et ez= gt —a— [s fluct. +BC (MSL)
0.5 o7 lioet oz .’ - —— No fiuct. +BG (MSL)
;._.. V,..-"' . ) —-—Isﬂu:t.L+GI.E{!\-15L]
;_‘,-""—I | | ‘ ‘ U . U [RTIRN N A NN SRR NN NN ST N N SR N - - EIJEE’I.ﬁE'EH{:!%IEPFHSM
0.0 -3 2 1 0 1 0 1 2 3 4 D kst (ki)

ALICEEur Phys. J. C 81 (2021) 712 LHCbJHERG6 (2023) 146 Y
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G, Coherently

ALICE ALICEPLB817 (2021) 136280

A | t|dependenqe0_f Coher_e_ntJ/y f% 10% ALICE Pb+Pb — Pb+Pb+Jiw |5, = 5.02 TeV -
photoproductionis sensitiveto the 5 e e et
gluondistributionin thetransverse = [ S Cuperimenta corolaed yst,
p|ane = A SN UPC to yPb model uncertainty

n . . . . p— ~ ~F— _

A HERAIke precisionachieved Q@_ I .

A Bayesian and SMihfoldingusedto S S
transformp,?- | t| e |

A Transitionfrom UPC tephotonuclear - O -

1 L — STARlight (Pb form factor) \\ L -
CrossseCtlon - —-LTA {nfclear shadowing) AN N -
’Q 7y ’Q - — - b-BK (gluon saturation) | \? =
7 . , y NN,
T~ CE W T I N i
Q (Q r] % o . . . . | AN : |
. . T oL ® o STARIight/Data_|
A Comparisorto models S o LA Dta
i STARlightloesnot haveshadowing g I —————
sodoesnot describeshapenor 0 0.002  0.004 0.006  0.008 0.0(13 . 0012
maghnitude f1(GeV=eD
I LTAcontainsnuclearshadowingg LTA(sthagowi_ng: PRC95d (?z \%%);025304 -
1 -vectoraominancemode asedon perturpative
N agreesmth data ) LeadinglwistApproximation(LTA) ohuclearshadowing
i b-BKbasedon gluon saturatiorg b-BK (saturation): arXiv:2006.1298Mhep-ph;
agreeswith data - impactparameterdependent Bkcomputation
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G, Incoherentlly

HAICFtldependence Of the Incoherent ALICE: arXiv:2305.06123),submitedto PRL

Jiy photoproductionis sensitiveto 3 S
the Va“anCeOf the gIUOn No) +Uncorrelatedstat.+s;/st. -

. . . . §, Correlated syst.
distributionin thetransverseplane & ¢

A Firstmeasurementhichprobes %™ | O\ s
fluctuationsof thegluonica K2 s [ "\ S
spot€ Ay t O - N .,

, . . B - S "s,‘ .'-..

A Modelsfall to predictthe ! B, g
normalisation o St e,

e . . . . . 3 - ) ’r,, ":"\\'“ - '»".«..._.

A Normalizationis linkedto the scaling 10°F 7 ks T~
from proton tonucleartargets [ = - GSZalhdis .

A (Slopeof) datafavormodelswith s 2ot
gluonicsubnucleorfluctuations(hotS %= = & .\
spotsin MShs, fluctuationsMISSH - g L A P o
anddissociatiorin GSZ|+dig SR L L

MS (saturation): PLB 772 (2017) 832;

- Basedon IPsatmodel.

GSZshadowing: PRC 99 (2019) 015201;

- VDMbasedon LTAshadowingncludingelasicand/or dissociativepart
MSS(saturation): PRD 1067 (2022) 074019

- Basedon JIMWLKquations
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Photonucleaty crosssection (& &egl

ALICE
A Gluondistribution at HER fenergiesfollows power law atlow xg

Y similartrend INWy,
A Exclusive Y/ crosssectlonat LHCollowsHERA trengofar

_ b-Pb 8.16Te\ PRD 108112004 (2028 (2304.12403)
Ic; p-Pbat (_)SNN 3‘02 and 8.16eV 0-Pb 5.02TeVPhys RevLett. 113 (2014) 232504.
LHCbppat Gs=7 and 13TeV LHCIpp 7TeV:1 Phys G:Nucl Part.Phys 41 (2014)055002;
A L e W d LHClpp 13TeV: JHEP 10 (2018) 167 Bjorken-x
A Power lawfit s ~W,, 10_510p 3 1(03 ) o ot

Hldata:d=0.67° 0.03

data: d=0.7° 0.04
Y agreementLHC andHERA
Y agreement andLHCb

A Modelsshowagreement

IIIIIII T 1 IIIIIII L] L] IIIIIII T 1 IIIIIII L] L] IIIIIII T
10°F ® ALICE p-Pb \s,,, = 8.16 TeV

ALIGE p-Pb 5, = 5.02 TeV
- o LHCbpp Vs=7TeVand 13 TeV (W+ solutions) o "

: o LHCbpp {s=7TeV and 13 TeV (W- solutions)

| ¢ Fixed target (E401, E516, E687) ¢.¢ _
.. « Hi LHCDb
I JMRT NLGnasedon DGLAP

_ J _ 4’1/ (W+solution)
evolutionwith dominant NLO 102 RS e ;

contribution ALIC%WW
A validto xg~ 23 10°

o(y+p — J/y+p) (nb)

mem— JMRT NLO
I CCT: Saturation tine energy LHCb —— cCT
) dependent hot spomodel + (W- solution) Power-law fit to ALICE data
A Probewideregionxg~102-10° L Y S T I
10 20 30 40 102 210? 10°  2x10°

. i . i W., (GeV)
No clearindicationof gluonsaturationat low x5 |
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Dissociatively in p-Pb atGs,,= 8. 16Te\(H)

Bjorken X Jor enﬂxLICE
1072 1073 1074 10°° 1072 1073 107 107°
= 02k ALICE: PRD 10B12004 (2023) 1 &; ‘+;1-6_- xg~(0.5,2)% 10° .
*—3? ;;1'45— < ' ﬁHCE p-Pb 5,y =816 TeV ]
a %%12- { o MS -
% | 1:_ \# —CCT _
¢ ALICE p-Pb {5, = 8.16 TeV 1 o.8f | [T -
oA 0.6f ]
—CCT LN ]
| | 0.4F ALICE: PRD 1082004 (2023) T .
20 30 40 102 2x10° 10° 20 30 40 102 2x10° 10°
W., (GeV) W., (GeV)
A Firstmeasurementof the energydependent
dissociativelly crosssectionatthe LHC e P CT@Isace
A Agreement with HER#esults colourdpole +energy’OI |
74 . . . ependent hot spot model.
A CCT model witBaturationagreeswith data S PRD 98 (201684015
i Predictedmaximumat W,, ~ 500GeVto be studied “perturbative JIMWLK

constraindrom fits to H1 data.

iIn Run 3
A MS model withsaturationto be studiedin Run 3



> DD

p>X

\

Differential cross-section (pb)

60
LHCh 4+ T(15) data
20k LO {7 TeV)
(a) —— LO (8TeV)
NLO{TTeV)
40r —— NLO{8TeV) |
30

YN In pPb andop

Ung - ntm

Crosssectionmeasuredn central (CMS) and

forward (LHCB region
NLOcalculationsfavoredby LHCldata

Saturation modelsconsistentwith CMS and.HCb

Fitto CMSd = 1.08° 0.42
Y Consistentwith ZEUSd=1.2° 0.8

Y Consistentwith ZEUS+H1+CM®=0.99° 0.27

Fit toHERA+CMS+LH@E=0.77° 0.14
Y Consistenwith Ji data

New klnematlcregloan ~10°¢ 102 probed

Cyp o y(is)p (pb)

C

CMS

50 ¢ CMS pPb 32.6 nb™ (5.02 TeV)
-g —e— Data
- 45F — fiPsat
>, —— 1IM-BG
T 40 — IIM-LCG
= F - bCGC-BG
= 35EF 1 JMRT-LO
c‘a— F [ JMRT-NLO
R o) 30: h
25F
20 :'_/ .......... 3 \
1Sl | T
10F
5- CMSEPL79(2019)277
!' o (N 1 1 | | | | t
. -2 1 5 -1 0 5 0 0 5 1:5 2
y
. CMS pPb 32.6 nb™ (5.02 TeV)
10% T T T T T T T
R ZEUSEUDQ[B-D} ! =
L & ZEUS 1996 (e-p) _
T —=— H12000 (e-p) N
I o LHCb(p-p,7.8 TeV) 1 -
T —&—— CMS (pPb,.5.02 TeV)
10° =

— IIM-BG
— lIM-LCG

20 10? CMS --- bCGC-BG —
[ ]JMRT-LO 3
10 ¥ ﬁm\ - Eiﬁ;’:fi,m .
— Fit HERA+CMS+LHCHh:
o LHCbJHEP 09 (2015) 084 I CMS EP£79 (2019)277 om0 |
{] 'l 2 j; 4 5 1 11 |2 1 1 1 11 |3 1
T(15) rapidity 10 10 W, (GeV)
2024019 Adam Matyja Exclusive quarkonia productieiAussois 25



Futuremeasurementsn Run 3 and 4

A Addresggluonshadowingin nucleiat low x5
A Constraingluondistribution in transverseplane
A Allowfor scale dependencef gluonshadowingstudieswith different meson specic

TTTTT L B R T T T T T T T T T T =t n‘:;“‘ LR DL DL L DL DL BN LA B
[ ALICE Simulation, Pb + Pb — Pb + Pb + V Vi . ALICE Performance ]
o mamssTovL-tam N f e i
- * i / ] %200'— M | 12022 ~ 140 mb* -
| .ol ' umessn 1 A.Khatun@ UPC 202:
] . H‘ ﬁﬂ — Lke-sign ] Internationalworkshop
i ] 100k . 1 on thephysicsof Ultra
o4 | CMSY(1S) pseudodata : ,#WJL | 1 PeripheralCollisions
[ —— EPS09LO,Q=m, /2 | ALICE Y(1S) pseudodata | 5ol .‘&jiﬁ &% 1 Playadel Carme)
0.2~ —— EPS09LO, Q=m,_ /2 }  ALICE y(2S) pseudodata i ﬁ"*"ﬂ“-'._‘,"‘;._*,,‘ PR ATY, ]
L —— EPS09L0, Q=m,, /2 | ALICE jj/w psepudodata ] o |* J?;‘:"J‘v}'ffmiﬁi‘tﬂ A ) 1 15/12/2023
il 5 g vseul ¢ s mesmd @ gq el g 5] B2 04 06 08 1 12 14 16 18
10°° 107 107 1072 < M_._ (GeVic?)
CERNellowRep.Monogr7 (2019) 1159  PbPb Loppi= 13D
o All |yl <09 Jy|<24 25<y<40 2<y<5h
Meson Total Total Total Total 1 Total
p— T 5.2b 68 B 35 B 21B 49B 13B
o= x| 730mb 9.5B 210 M 25B 190 M 1.2 B
o— KK~ 0.22b  29B 82 M 490 M I5M 330 M
T — 1.0mb 14 M 1.1 M 57M 600 K 1.6 M
V(2S) - p 30ub 400K 35K 180 K 19 K 47K
Y(1S) = p '~ | 20ub 26K 2.8 K 14 K 380 2.0K
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Summary

A Nucleargluonstructure probedwith Jy andy (2S)at
Xg~107 ¢ 107
I Measurementssignallargenucleargluon shadowingffects
A R,~ 0.65at xg~10°
) A R,~0.5atx~10°
A Protonquuonstructureprobedwith Jy andYnS at
Xg~104¢10°
I More (andprecisg dataneededto discriminatebetweenmodels

A We probedfluctuationsat sub-nucleonscalefor the first
timein |t| -dependencec.s

A Photoproductionmeasuredowardsmore centralcollisions

A Datastrongly challengegsheory
I Modelswith shadowingor saturationdescribedata thebest

I No model currently describe the rapidiependenceand |[t|
dependence

A We arelimited by statisticsandlookingforward for Run 3
andbeyondresults
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Energydependencen coherentJ

ALICE

A Compilationof publishedresultsbasedon ALICE
Run 1 data&comparedto currentmodelcalculations

i Sensitivityto x5~ 104
I Lowxg describedoy shadowingand saturationmodels

Bjorken-x Bjorken-x
1072 10°° 107 10° 1072 10° 107 10°°
gmg;" ‘ [rrrr T [rrrr T [T [T (Dﬁ 2T rrrr T [rrrr T [T T [rrT
E - o GKSZ, using ALICE Pb-Pb |s,, = 2.76 TeV (PLB 726 (2013) 290-295) 18 1 GKSZ, using ALICE Pb-Pb |s, = 2.76 TeV (PLB 726 (2013) 290-295)
= A Contreras, using ALICE Pb-Pb s, = 2.76 TeV (PRC 96 (2017) 1, 015203) B 1.6 A Contreras, using ALICE Pb-Pb \s,, = 2.76 TeV (PRC 96 (2017) 1, 015203)
© - - Impulse approximation 7 - - - Impulse approximation ----LTA
- —- STARIight Pt 1.4 _ _ sTARight - GG-HS
— EPS09 LO -7 — EPS09 LO -~ b-BK-A
10° - ..LTA 1.2

4 N

- Gohs T e
h 0.8
0.6
10 *’ 0.4
F ﬁ 0.2
| [ R R R A ! [ SR R R N B 0 ! [ T R B R ! [ R R S N B
20 30 4050 102 2102 10° 20 30 4050 107 2x10? 10°
W,y (GEV) W, (GEV)
EPS09 LO: PRC 93 (2016) 055206 + JHEP 04 (2009) 065 GGHS: PRC97 (2018) 024901
LTAPRC 93 (2016) 05520@hys Rept. 512 (2012) 255 b-BKA: PLB 817 (2021) 136306
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> > D

> >

[Lb]

a

Oy - p(770y°

1 photoproductlon

Largecrosssection(~550mb) describedoy ~
models §
Measurementin nuclearbreakupclassegOnOn, s
OnXn,XnXn to distinguishb dependence
s(0A- rPA)~ A2with aslope
a=0.96° 0.0y
Y Signalsmportant shadowingeffect 00
Farawayfrom Black Disk Limit
Whynot to validatewith other elements(O,KE X tr
Goodagreementof CMSdata withHERA
I Noambiguityin energyin p-Pbcollisons
CMSEPXI 79 (2019) 702 pPb+Pbp 16.9 ub” (5.02 TeV) 5 25
T T T T T L T g
10° = : :i:lesd target 3 % 2
- . : S
- |
I awzp -
10 = L T S it.ﬁ*“*i ? — ;{5 1
1 7 I I IR S | | I S R SR | 7 0
1 10 10
W., [GeV]

D L

CMS

FILICE

Pb-Pb — Pb + Pb + p’

ALICE Pb-Pb UPC {s,,, = 5.02 TeV

o reflected

| Juncorr syst.

—— data — — - STARIight

|:| corrsyst. ..... CCKT (nuclear)
e GMMNS

GKZ (upper limit)
= GKZ (lower limit)

I T S Y T T |
-08 06 04 02 0 0.2 0.4 0.6 0.8

ALICEIJHERG (2020) 035 y

;@ ALICE y-Xe

+  m ALICE y-Pb
m Hilyp

fit: 5, A

: CCKT

-GKZ

=+ coherent: 5, A*®
""" incoherent: 6, A

* black disk: o, A%°

I T T

50 200

ALICE: PLER0 (2021) 136481 2
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r%in PbPb atGs,,=

ALICE Pb- Pb UPC |s,,, =5.02 TeV

= 5.02Tev &

ALICE

+ A Impactparameterdependencevia ZDGelection
In 3classesOn0On, OnXnXnXn

—~ 8 : ‘
R E L -
ST L
S . &
] L Lo
O 4 e
pd L ;
N - -.12
P :'
S atyh
0
. L e R L EHH
e I .
L ‘ 1 i 1 i L
-2 0 2 4 6 8
ZNA energy (TeV)
700 _ =
ALICE Pb-Pb UPC |5, = 5.02 TeV £
600 Pb-Pb - Pb+ Pb+ p° (On0n) >
___________________________________ B
.............. £
500 —
,,,,,, T
4001 o imimim i im i im e
W I data — — - STARIight
C o reflected GKZ (upper limit)
200 T e GKZ (lower limit)
_ luncorrsyst. o
100~ l:’ corrsyst. ... CCKT (nuclear)
T T e GMMNS
008 06 4 02 0 02 04 06 08
Y
202401-9

description

A Comparisonsvith models
I GKZnuclearshadowing givesthe best

I CCKTsfturation) is slightlyworse

I STARIlightind GMMNSgaturation underestimate
I~ \Worstdescriptionfor OnXnclass

A Test ofpheton flux description

—  ALICE Pb-Pb UPC 'JSNN =5.02 TeV
Pb-Pb — Pb + Pb + p (OnXn)
= c ____ E ---------- f ____
— data — — - STARIight
L o reflected GKZ (upper limit)
¢ T GKZ (lower limit)
_ |uncorrsyst. cokT
l:l corrsyst. ... CCKT (nuclear)
‘ ‘ ‘ ‘ | GMMNS
08 08 04 02 0 02 04 06 08
Y

do/dy (mb)

40

35

30

20

15

101

ALICE: JHBB (2020) 035
ALICE Pb-Pb UPC |, = 5.02 TeV

Pb-Pb — Pb + Pb + p° (XnXn)

o5 A |
ngfopmr=rrypertyr sy i E =P
e ;r e JW‘L\A‘I— = J_ AMLLEELRABLRLRARAL.TITLT

—data — — - STARIight
£ o reflected GKZ (upper limit)
l:l ¢ T GKZ (lower limit)
uncorr syst. COKT
O I:I corsyst. ... CCKT (nuclear)
----------- GMMNS
I\I‘I\I‘I\I‘Il\l\l\l \\\\\\\\\\\\\\\\\\\
-08 06 04 02 0 0.2 0.4 0.6 0.8
y
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g g mnn p-Pb atls,= 8. 16TeV @

HLICE

90

A g g mmrosssection

805_ ALICE
A Goodagreementof simulationand data P PO (B =010 el
4 . . . . = Y = u
A Comparisorwith STARIlightnd SuperChic sof

Dimuon counts / (30 MeV/¢)

(both LOQED, no FSRhowsslightexcessn wof
data, butstill agreementwithin 3s U
A Importantbackgroundor other UPC tof - Nomrcusie _
processes L L ovie
4 . . p, (GeVic
A Constraingheoreticalmodels ArXiv-2304. 12403 ubmittedto PRD
‘f 7 —+— ALICE p-Pb {5, = 8.16 TeV ] “o F —+— ALICE p-Pb {5, =8.16 TeV ]
% 6:— | ---¢--- STARIight E % 6:' --=¢-- STARlight E
3 b | o+ SuperChic i1s & - ¢+ SuperChic _-
= - eenyren ] =
§ £ T 250 <y < 3.25 1 % 4F 3'-"-"-"-"-"-"-"-"-"é-"-"-"-"-"-"-"-"-"-"- 3.25 <y < 4.00 3
£ st p. <3 GeVlc 1 & 3 p.<3GeVic 1
% 9 -
S rngnTITI ] - e oo 4
1 ;_ LM M R R _; 1 ;_ J'H-I'Ju-:u-au-n?n-u\.-u\.-u\-ut-l _;
I B R e N b R R ST T I I B v S R B R R v
M, (GeV/c?) M, (GeV/c?)

STARIigh2.2.0:Comput Phys Commun 212 (2017) 258.
SuperChid.15: EPJC80 (2020) 925.



- Seenmalsoby STAR, ZEUS, H:

r %in PbPb atGs = 5.02TeV

A Resonancdelke structure MP P~ 1.7GeVc?
- Significancef 4.5s

r A

‘)smn E ZEusl (d

' Most probablyr 3(1690) WlthangularmomentumJ =3
" More data from Run3 + Runfeeded

dN7 7 , 1% \2 12
5 — =Pr-exp(=Py- (m—1.2GeV/c7)) + Py + Py -exp (—(m — My)/T%)
S 200 & 80F
> 2005‘- ALICE Pb-Pb UPC |, = 5.02 TeV é ALICE Pb-Pb UPC {s,, = 5.02 TeV
o i 70
S 180 —— ALICE data S o
g 160i‘!' Signal g 60: —I— Opposite-sign pairs
ag 140; -|_ Background *g 50f —|— Like-sign pairs
S 120— Significance: 5.8 o S mE 1.6 GeVic? < m < 1.9 GeVi/c?
100 p,<0.2GeVic E +} lv| <0.8
80 + f<08 30F
S0E "'.l._ 200 + + +
40 N + C
A B
Qm‘.mm\mmmmmmum.wm."‘ﬁﬁ‘ﬁ_!‘_ﬁ“ = +-|1 +-|1 FH_,,+* :I:+:|l'h i*&h;l:hl:ﬁ#H
2 13 14 15 16 17 18 19 20 21 22 8_0 01 02 03 04 05 06 07 08 09 10
2
m (GevieD) ALICE: JHE®B (2020) 035 Pr eV
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Nuclearradius and neutron skin ysms
A+A Collision A

Oner ? produced butinterferenceof
two contributionsto the amplitude
EisteirPodolskyRosenEPRparadox

T r9wavefunctionsare createdat a
distanceof <b>~20fm apart

I rOlifetimeis~1fm
If photonsare linearlypolarizedY
AT ¢@oasymmetryexists

arXiv:2204.01625 (2022) A Interference effect is sensitive to the
A ,STAR: signal v'x pairs with P <60MeV  puclear geometry (gluon distribution
Y o largerradivs Y differencebetween®’Au and?3&J
.431.2*,;%*? Sir fg‘f Y significancet.3s
3 L Y A~O0 for pg Aucollisions
*2 1"'11'?*;1:4'? = :FJF" ﬁlf#’* ~ Radius\yhichis 1 fm too large):
£ 0.8k -R,, = 6.53° 0.06fm
N . f"fﬁ salerads e —> R"Z720° 0.08fm
cu.orte)=1+Acos Syst. Uncert. B .. .
S [ B ALAL: 2 - (29.1 £0.4 20, 41107 Precision neutron skimeasurements
Co4rmEU:U : A = (23.8 £0.6 $0.4)x10° - S, = 0.17° 0.03tt° 0.08¥stfm

[ B p+AU : A = (-0.531.2 30.9)x107? - -5§,=0.44° 0.05%t° 0.08vstm

—T = 0 L mn

2 0 2 Whatare valuesfor Pb?
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A Extractedradiusappearecto betoo largefor 1fm

A Extractedradiusis for the caseof maximum
iInterference(f ~ 0) islargerthan casewith minimum

interference(f ~p/2)

Po
1 + exp[(r — R)/al

¢ nuclearradius
a ¢ surfacethickness
I o = 3A/($R) - normalization

palr:R,a) =

C STAR: Au+Au \/SNN=2OO GeV D STAR: Au+Au SNN=200 GeV

E ok ¥ Data: 0] < /24 E oL % Data |0 - /2| < n/24
;- ------- Model II, 6=0 ; ------- Model Il, ¢=n/2
g . ——— \Woods-Saxon, g E ——— \Woods-Saxon,
3102k " . R=7.90 fm, a=0.54 fm %gr:z;t % R=7.09 fm, a=0.54 fm
© %’{ o B -
; |
10°F i’%’;ﬁg‘;& s iigh gl 10°F i gt
‘ NRRRR AT
| | ! I I*IT i | | | I T | !' T |
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
P2 (~ |t]) GeV? P2 (= |t]) GeV?
35
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" Jly in PbPb atGsy=2.76/5 TeVDisk

A Forwardregion (ALICE, CMS{Cb: 14 ALICEEUr Phys. 3 C31_(2021) 712
3 _g i ALICE Pb+Pb — Pb+Pb+J/y |5, =5.02 TeV
I \]/y = mm ;12* B ALICE coherent J/y
- . | = - Impulse approximation
A Centralregion (ALICE): g - S
i Jy- nmfm, e e, pp O o e e TR
Ve . - —— IPsat (LM) o
A Nucleargluonshadowingfactor B R 2=0.64
- = b-BK (BCCM) ’,'

R,=0.64° 0.04for 0.33 103<x3< 1.4% 10°
Compatibility betweenLHClkand ALICEesults

Nomodeldescribeghe full rapidity dependence ¢

I Modelswith nuclearshadowing(EPS09 LO, L&) - .g8="""
saturation (GE@HS)describecentral andveryforward =%~

> >

3 ‘1 17 ‘ T T ‘ T T
V|
RS

data buttensionsin semiforwardregion 04 - > 3 5 1
o ~. 1 Othermodelsdescribeeither (semt)forward or o Y
N =1 H e LT T 1T 1\ T T T 1 T T 1 T T T4
N@  centralrapidity region o dua  Kelmactal coE SN LHGD | 3
‘c:r|)“ ‘2 . ofEIFb o PLPLuly .159|“.'?_.1.{|;.2'.7.E."|T.?.\'.’_] stat. une. FE:E:: :Eu:l:uw 4:5 §~__ - kn PbPb \/sxn = 5.02 TeV 3
o © e F T s data, 1 L Jsyst. une. S5 oo — i, TN Euh: rent J f1r production J
SR E.  Fcwms ALICE dnt 1 KST+BT = E , P . 3
—~ S o T °F BN Impulse z:proximation E Guzey ef al. coasipe m A0 ET— \puminosity une. : 4.4%
oo} C'l) ; 7:_ Leading twist approximation_: — [LTA_W Mintvsaan ef al — 3.5 ;— .'L . —;
NG, g v F ] ——-LTAS Mo fluct. +BC ¥ oo E A 3
~Og ® — EPS9 ST = 3.0 e o E
m — N Gonealves ef al. e g = m——— ™ =
2 0~ e BOCCHBG 5 77 E e E
O >~ - boco+oLe =20 - =
- i N~ IP-SAT+BC !: - E 3
2 m IPSAT+OLC T 1.2 E E
L S5 4 1.0 =
By B & LHCbarXiv:2206.0822(2022), ."_ E 3
9 9 U) aCCeptedby JHEﬁ] gI 1 1 1 I 1 1 1 1 I 1 1 1 1 2
53 0.0 L
< < U 11111 1111 IIII_ I - -
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THE ALICE DETECTOR N

Ep

a. ITS SPD (Pixel)
b. ITS SDO (Dritr)
. IT. i

eeeee

44444

A MuonArm: -4 <h<-2.5

A ALICBiffractivedetecors ZDC, AD, VO 2
A
ALICE: 2008NSB S08002; h

Int. J.Mod. Phys A29(2014) 1430044

LHCb2008 JINST S08005;
Int. J.Mod. Phys A30 (2015) 1530022.
HeRSChelJINST 13 (2018) P04017.

1=
€
=]
2
©

mentahpparatus

CMS: JINSIS080042008);
JINSTL6 P05008 (2021)
ZDCAIPConf.Proc.867:2585,2006

TRACKER
CRYSTAL ECAL

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

" FORWARD
CALORIMETER

MUON CHAMBERS

CMS arre)): | 4| < 2.4
Hadronforward calorimeters 2.9< | A| < 5.2
ZDC|h|>8.3

Hole radius

A7mm Hole radius

61mm

Cut-out
~108x230mm

A LHCHforwardregion):2 <h<5
A LHCHHERSCHES< |A| < 10 _
A VELOWackwardregion): -3.5 <A <-1.5 T e
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Nucleargluonsuppressiorfactor

CMS Preliminary

PbPb 1.52 nb™ (5.02 TeV)

Pb+Pb — Pb'+Pb'+J/y

-
.
|

s
|i||\ﬁ||||||‘

-

__ 09 e CMs T

L | O ALICE' (4<y<-35) )
© 08F O ALICE*(ly| <0.15) ¢ ' “;’—//_
@) - A LHCb* (-4.5<y<-3.5) . :
< 07 - 5
Jlosk E
= i ]
X 05F PR -
_S" B - ..-—’_-"__ - . . =:=: GG-hs g
o 04F-"" - —LTASS  ---LTAWS
/ — bBK_GG - bBK_A E
03F CD_BGK --CD_GBW - CD_IIM_]
02 - | L1 1 1 1] | ] | | 1] 11 || ] L1 1111 | ] | | :

107 107 10°° 1072

CMS: PAS HIRR-002 (2022)

2024019

X

CMS

Y

A R representsgluon
suppressiorat LO

A 1A¢Impulse
approximationg no
effectsexcept
coherence

A Flatbehaviorat large
Xg > 103

A Droptowardslower xg
values

A No modeldescribes
data
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o(y Pb — Jhy Pb) (mb)

—
<
2]

—
<

PhotonuclearJ/y crosssection

CMS Preliminary PbPb 1.52 nb™'(5.02 TeV)

CMS

CD_BGK CD_GBW

IIII|IIII|IIII|IIII|IIII|IIII|IIII|III‘I“_LI
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Dimuon counts / (20 MeV/c?)

ALICHEXxclusivelly In p-Pb

ALICE Preliminary

p-Pb \s,, = 8.16 TeV
25<y<4.0

2.5<M,, <3.5GeV/c?

— Sum
Exclusive J/y
Dissociative J/y
Jhy from yPb
Exclusive yy
Non-exclusive bkg.
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