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Outline

" [ntroduction

= Experimental apparatus in Run 2 and Run 3

= Measurements
— Electromagnetic dissociacion in Pb-Pb at sy, = 5.02 TeV
— Incoherent photonuclear J/y suppression in UPC of Pb-Pb at \/sNN =5.02 TeV
— Coherent J/y and y(2S) photoproduction in UPC of Pb-Pb at Vs, = 5.36 TeV
— Exclusive moun pair production in UPC of Pb-Pb at Vs, = 5.36 TeV
— Inclusive measurements in UPC of Pb-Pb at Vs, = 5.36 TeV
— Prospects in Pb-Pb and pp collisions

= Summary



Ultra-peripheral collisions (UPCs)

Impact parameter b>R; + R,

. Hadronic interactions suppressed - *
Photon induced reactions: \ | | ."
. Well described in Weizsacker-Williams approximation | /
. Photon flux ~ 22 (Z,, = 82) A | |
. Maximum photon energy at Run 3:
. E, ™ = yhc/R = 80 GeV R $ f ‘
. Small photon virtuality at LHC
. Q2 = (hc/R, eeus)? = (30 MeV)?
. Linearly polarised photons
. Photo-nuclear c.m. energy, W 2= 2E My, e*” b>R +R2 / |' l \ #
. 40 s W, S 900 GeV / | | \
. Large y-induced interaction cross section .' l
Coherent photoproduction
*  Photon couples to whole nucleus, <p;>~ 1/R,, ~ 60 MeV/c
Incoherent photoproduction
*  Photon couples to single nucleon, <p;>~ 1/Rp~ 450 MeV/c O ®
Clear signature: gap e | 83P
. Low detector activity PY
Rapidity gap(s) 0 m
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Classes of processes

= Excluswe processes (no colour exchange)
E‘h -
Ph _ _Pb

A
> T, T
-1 gap gap \\\% gap
E.I ¥ - Jhy S ¢
= . | gap 1
C C & g gap ‘ \ gap
. "h—"'*-.._____'. Ph d . , r k\% L .
Electromagnetic b — otoproduction Ph Pb
dissociation (EMD) Pomeron — Pomeron Coherent or Incoherent
single or mutual CEP
" Inclusive processes (with colour exchange)
H H Fh Ph Ph
Direct prodgctlon gap ! gap )
=  Photon itself takes v "
part in the hard N )
scattering ‘ oo
OO00000000" &

Ph+¥+Xn Ph+X +Xn

Ph
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Double photon exchange

7. Resolved production
Virtual excitation of the

photon
Participants of the hard

scattering:

qq-bar pair
multiple gluons
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Eskola et al.: EPJ C 82 (2022) 413

: . 1.6 [
Motivation %14 ! !'NUCLEUS ;
Studies of gluon PDFs < 13 1: T %
Different proton < nuclear PDF Gluon splitting 11 "o 31 :
— Gluon shadowing (destructive interference at @ 0.6 ;
low xgz caused by coherent multiple scattering) =04 :
— Gluon saturation (equilibrium between gluon %402
splitting and recombination) o Mk
— Saturation scale enhanced for nuclei by factor Recombination 10" 107 10° 107
A1/3: (QSA)Z ~ CQ02 [A/X]1/3 Fig. from A. Ogrodnik t
Heavy flavour — probe nuclear PDF in large i ! PG e
phase space down to x; ~ 10* B _— -
Test of QED and photon fluxes e
Search for QGP signatures in small systems oE
like y+Pb collisions E— "
— Radial, elliptic, triangular flow ortate. e
— Baryon to meson ratio (K°/A) pon e e
— DO production T e BT K
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ITS SPD Pixel
ITS SDD Drift
ITS SSD Strip
V0 and TO

oo oo
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WOm@NDOH WM
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12. Muon Tracker
13. Muon Wall

15. Dipole Magnet
16, PMD

17. AD
18.20C

19. ACORDE

14, Muon Trigger —

ALICE detector in Run 2

ZDC

Catsam;

i | _:5‘
19.05.2026

fo

ALICE: JINST 3 SO08002 (2008);
Int. J. Mod. Phys. A29 (2014) 1430044

Central Barrel tracking (e *, pu*, h¥)
|7] <0.9,0< @p<2n

ITS - silicon detector

TPC - gas drift detector

TOF - resistive plate chambers

PID: TPC, TOF

Forward tracking (u)

|
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-4<n<-2.5
Absorber (11)
Muon tracker (12)
Muon trigger (14)
Dipole magnet (15)

Diffractive detectors

TO - scintillator counter

VO - scintillator counter
AD - scintillator counter
ZDC - sampling calorimeter
Vertex

ITS



ALICE upgrade:
JINST 19 P05062 (2024)

ALICE dtector in Run 3

ITS

Major upgrade during LS2

Inner Tracking System — full pixel layers

Time Projection Chamber — GEM readout
New Muon Forward Tracker

New Fast Interaction Trigger (FVO + FTO + FDD)
New Event Processing Nodes Farm

Upgraded readout for most of detectors

— streaming readout at high rate

Pb-Pb data taking at 50 kHz
All data stored on tape

pp data taking at 500 — 1000 kHz

Software based trigger

electrons
—_—

TPC

Single Gap

,;n‘
/l
o

4
N BC

ek tnfemval
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Integrated luminosity (nb™)

Integrated luminosity (pb™)

ALICE Performance, Run 3

Pb-Pb, |8, = 5.36 TeV

Recorded

2023: 1.54nb™ [
2024: 1.54nb™ /

2025: 1.99nb

25—

05—

20

0 . . L
14 Sep 28 Sep 12 Oct 26 Oct 09 Nov 23 Nov 07 Dec

ALICE Performance, Run 3, pp, Vs = 13.6 TeV

@
o

I Recorded

F 2022: 19.3pb™
F2023: 9.7 pb”’
I 2024: 53.1 pb™

2025: 50.2 pb

LS o
o o
[T 7

w
(=]

n
(=]
IR

Mar Sep
Collected statistics:
*  Pb-Pb:~5nb?

"  pp:~132 pb 7

Number of collisions (B)



Neutron emission in UPC

PRC 107 (2023) 064902

—_
(@]
Gl
1

counts/(0.2 TeV)
2
vy

10°F

10%

— Data

== Fit, 1n

" ALICE

+  No signal in ZEMs

— Fit, in-6n ]

v Pb-Pb VS = 5.02 TeV -

10 12

14

+ ALICE
© Pb-Pb {5, = 5.02 TeV
% No signal in ZEMs

T
— Data

— Fit, In—6n
== Fit, 1n

4 6 8 0 2 6 8 10“12. .14
Eone (TeV) Ea (TeV)
G (in) GRELDIS () | gmon(jp)
ZN
(b) (b) (b)
In | 1084=0.1£3.7 | 108.0£5.4 | 103.7£2.1
2n | 25.0+0.1+£13 | 259+1.3 | 23.6+0.5
3n | 7.95£004+023 | 114206 | 6.3+0.1
dn | 5.65£0.03£0.33 | 7.8+04 48L0.1
5n | 4.54+£0.03£044 | 63203 47£0.1
In—5n| 151502446 | 159.8+5.6 | 143.1+£22
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PRC 107 (2023) 064902

B o T T T T T T T T T i
= . UPC **Pb-2%Pb, 5, = 5.02 TeV _|
% E e ALICE ]
i - RELDIS
-------- nan
10
F i ] 1 ] ] 1 1 ] ] L]

0o 1 2 3 4 5 6 7 8 9 10

= Upto 5 neutrons

= Hadronic cross section
Gy.q=7.671t0.24b

= Good description of 1n and 2n
emission , but other classes are
not so well described

RELDIS: Phys. Part. Nucl. 42 (2011) 215.
NOON: Comput. Phys. Commun. 253 (2020) 107181.

ALICE



Proton emission in EMD of 298Pb

Absorption of photons (E, > 140 MeV) ©

— emission of several neutrons and protons

Proton emission accompanied by at least 1 neutron
emission

—  Large production cross section of Thallium, Mercure,

—  Op and 3p agree with RELDIS predictions, but 1p and 2p
underestimated by 17-25%

Single proton emission accompanied by 1, 2, 3 neutrons
—  production of the isotopes 206:205,204T]

—  RELDIS overestimates the data 2-3x S

—  Better description for E, > 20 MeV, but opposite trend
Confirms very good ZDC performance
Possibility to measure 1n or 2n classes:

— access to different impact parameters
Relevant constraints on models for Tl
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10°

102

10

10

ALICE

PRC 111 (2025) 054906 .

T T L) T T L}
Pb-Pb ys,, =5.02 TeV 5
e ALICE, (kp,Xn) E
RELDIS, (kp,Xn)
------ RELDIS, nuclei

Pb-A ys,, =17.2 GeV
m  Pb-Pb Cecchini 2002
0 Pb-Au Scheidenberger 2004

Pt - --. RELDIS, nuclei T

F ‘= [ ]
- mo, 0 Lt E
L - s T .
T
[ = s ;
3 u 3
F T _Q u u E
F T P . I
3 1
0 1 2 4 5 6 7 8 9 10

T T T T
Pb-Pb Sy = 5.02 TeV
e ALICE, (ip,in)
RELDIS, (1p, in)

.............. (1p, in), 20<E <140 MeV
....... (1p. in), E,>140 MeV
....... Tl isotopes




Impact parameter dependence and 2- fold amblgwty

No breakup (OnOn) = Excitation of the nuclei possible through 1_._\ 132"
|l =32 =
> > the secondary photon exchange [\ 12Ry =20
. . | ! 4 ﬁ r‘? ")
= Giant dipole resonance _ I ==
= | I SZw
o oo All protons vibrating against all neutrons & 05 b/ STARLiGHt 183
| ..-". LHC beam energy | 5 0"_3
Single breakup (XnOn + 0nxn) — knocks out neutrons /i .};: S —i =
=P)b- F%= =  UPC event clasifier: OnOn, OnXn, XnXn ' 4 “\m .~ XnXn 2
. . . . . 0 I 1 1 'r-+|_|||l_.' Bt £ I T |
—> via electromagnetic dissociation (EMD) 10 107 10°
b (fm)
=P):‘ K2 — = Single measurement cannot distinguish emmiter vs. target ;.. ...
Double breakup (XnXn) do_AA—)AA’]/l[J Contreras, PRC 96, 015203 (2017).

Pb Pb* + X dy - N(a)yl)o-yA (wyl) * N(CI)VZ)O'VA ((‘)yZ) EG|\f|JzDe:y atal., EPJC 74 (2014) 7, 2942.

To disentangle both photon contributions we need to measure
Pb Pb* + X the same proces in peripheral collisions or with EMD!

do.PbeONDN

o LNV OOV (w1, 49 (01, +Y) + IO (w0, =y Yo o ()2, =)

w dﬂ'pbeONXN
” _| NONXN(wle_l_y prb(wyp*'y) _l_NONXN(wsz_y prb(a,ﬂr_y)

measured
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J/w photoproduction

14

12

do/dy (mb

JHEP 10 (2023) 119 Biorken-x

EPJ C 81 (2021) 712 102 1078 1074 ) 10-
] 5 = o 2mTT T T T REREE RAREEmES: T ™
ALICE Pb+Pb — Pb+Pb+J/iy |5, = 5.02 TeV U)u. E 4 ALICE, Pb-Pb \“S_NN 502 TeV ]
@ ALICE coherent Jiy 1.8 b CMS, Pb-Pb Sy, = 5.02 TeV (arkiv:2303.16984) 1
17 pulse 2pproxmaten 160 ¥ Guzeyetal., using ALICE Pb-Pb {5, = 276 TeV (PLB 726 (2013) 200205)
—— EPS09LO (GKZ) C A Contreras, using ALICE Pb—Pb |5, = 2.76 TeV (PRC 96 (2017) 015203) 1
===+ LTA (GKZ) 1.4 -~ Impulse approximation ----LTA —=
- :x:iﬁw - --- STARIight ----GG-HS 3
L — . BGKI(S) 1.2~ ——EpsogLo - -b-BK-A —
- - GG-HS (CCK) CNOL 3
— - bBK(BCCM) - 1 —

0.8 .
0.6 ‘ S
04 Spp~0.95 o Bmg
02 Sep~065 o 05
0: L L1 L L Lo -
20 30 4050 10° 2x10° 10°

W oy, (GEV)

Coherent J/y shows moderate nuclear suppression in a wide rapidity range
Nuclear gluon shadowing factor for 0.3 x 103< x;< 1.4 x 103 is S,, = 0.64 + 0.04
No model describes the full rapidity dependence

Energy dependence of the photonuclear cross section down to x, ~ 10>

High energy (low xg) data favours both saturation (b-BK-A, GG-HS) and
(LTA) models

(Slope of) data of incoherent |t| dependent J/y photoproduction cross section
favour models with subnucleon fluctuations

19.05.2026 WPCF 2026 - Adam Matyja - ALICE UPC orverview

ALICE
PLB 817 (2021) 136280, PRL 132 (2024) 162302
ALICE, Pb-Pb UPC |5, = 5.02 TeV

X J/y photoproduction, |y| < 0.8
i ¢ Coh.: PLB 817 (2021) 136280

=< - GSZ-LTA
%

—_
o

—=— b-BK
¢ Inc.: PRL 132 (2024) 162302
--- MS-hs

do, p/dlt] (mb GeV?)

e MS-p
v — MSSHi
S

- GSZ-el+diss
- GSZ-el

_.
<

_‘
2
o

STARlight: CPC, 212 (2017) 258-268.

GG-HS (saturation): PRC 97 (2) (2018) 024901.
EPS09 LO (shadowing): JHEP 04 (2009) 065.
LTA (shadowing): PRC 95 (2) (2017) 025204.
b-BK (saturation): arXiv:2006.12980 [hep-ph].
MS (saturation): PLB 772 (2017) 832.

GSZ (shadowing): PRC 99 (2019) 015201.

MSS (saturation): PRD 106, 7 (2022) 074019.
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do(yPb— Jy PbYd[t | (b/GeV?)

10

—

Incoherent p

Small |t] ALICE, UPC Pb-Pb {5y = 5.02 TeV

notonuclear J/y suppr

ession

—— . T T
(0.09 < |t| < 0.36) GeV? (0.81 < |t]| < 1.44) GeV?

-
st

an
-

(0.36 <t | < 0.81) GeV?

-
-
a®

nlir
Jante
JIIIIIIII|IIIl““‘lI‘

High |t|
T T

un
munt®
-I. sunn” il
L]
at®

L 4 [ P
| e o | w—
© -~ Méntysaariet al. (saturation) 3 Pren e
2lo 3lol 169 2x|102| - ‘.‘1.63 2lo alol - lelog zx%ozl N 153 2|o 3‘ol ....1.52 2x;ogl | e 2
é:ﬁ1,8
Double differential W,,,, , and |t| measurement of the incoherent J/{ 6
photonuclear cross section
The measurement extends from W, . =20 GeV to W, , = 633 GeV e
R=0.52 +0.13 (> 3 o effect!) between data points 2
Another hint in the search for gluon saturation at smaller spatial scales 1
— |t] =0.1 GeV? corresponds to scale ~ 0.6 fm in size 08
— |t]| =1GeVZ<>~0.2fm 06
LTA weak shadowing model is disfavoured 0.4
0.2

19.05.2026 WPCF 2026 - Adam Matyja - ALICE UPC orverview

arXiv:2503.18708
Accepted by PRL

Guzey - PRC 99, 015201 (2019)
Cepila - PLB 852, 138613 (2024)

arXiv:2312.04194 (2024)

ALICE, UPC Pb-Pb s, = 5.02 TeV

ALICE

Mantysaari - PRD 106, 074019 (2022),

T 4 (0.36 <|t| < 0.81) GeV¥(0.09 < |t | < 0.36) GeV?

¢ (0.81 < |t] < 1.44) GeV%(0.09 < |t | < 0.36) GeV?

GeV

at Wbe,n

=633

30

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

J- S

20 30 40 107 2x10°

10°

W, , (GeV)



Counts / (20 MeV/c)

Counts / (25 MeV/c)

i, coherent J/y and y(25) productlon

= SRRRE
- "ALICE, Pb-Pb UPC, \sNN_ 5.36 Tev RN
105 Z=1170+50 ub™’ 1=
= 40<y<-25 15<m,<20GeVic  § 2
’ - ALICE data 1S
10* — Exclusive yy — up E=NTe)
— Incoherent ¥y — up + bkg. ] &
3 — Fit _
10 <
107 —
E
coa v b b e Lo Lo b Lo by |—
o 02 04 06 08 1 12 14 16 18 2
P, (GeV/c)
10°E ALIGE, Pb-Pb UPC, |5, = 5.36 TeV
E F=1170 £50 ub”’
L -40<y<-25 45<m,<10.0GeV/c?
10° + ALICE data
— Exclusive yy — pu
— Incoherent yy — pu + bkg.
1025*

RIS RIS RN INEN AN R
0 02 04 06 08 1

— Fit

P I I B
12 14 16 18 2
pT(GeWc)l

19.05.2026

1

1

4000

2000

Coyts /
>
(@)
(e]
o

(0]
o
o
o

6000

4000

2000

No hardware trigger on single-muon p; —

ALICE Prel|m|nary

Pb-Pb UPC, \'s, = 5.36 TeV
# =1170+50 pb1 —+ ALICE data
4<y<-25 —-Jly
py < 0.25 GeV/c === y(25)
-----p( — uu + bkg.
— Fit

III|III|III|III|III

Counts / (20 MeV/c)

m,, (GeV/c?

7
)

increased statistics at lower invariant masses
Streaming readout mode — 3x more

stat

istics of J/y
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arXiv:2605.13569

FILICE

T
ALICE Pk}Pb UPC \ = 5 36 TeV
&= 1170+ 50 ub™
40<y<-25 28<my < 3.3 GeV/c?
« ALICE data
— Coherent J/y

— Incoherent Jiy

— Incoherent J/y + nucl. diss.
Coherent Jiy from w(2S) decay
Incoherent JAy from y(2S) decay

—— Exclusive yy — pp + bkg.

—Fit

FLI"“‘\—:'UL_

! |'§T\lu\ RTIT WETTIY MMRTT T EETIT MMATT MEWET|

55
Py (GeV/c)
MC-based template for Coherent,
Incoherent, feed-down J/\y from

and
decays
Data-driven template for
H1 parametrization for incoherent J/
with nucleon dissociation:
Fraction of incoherent J/y:
= 3.7-5.9% for p; < 0.25 GeV/c
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STARIlight: CPC, 212 (2017) 258-268

Upcgen: CPC, 277 (2022) 108388
", coherent J/y and y(2S roc duction & memeomm (L
CGC: PRD 109 (2024) L071504 ALICE
T, 107 = F = = S S B S s W S s S B
2 2 E ALICE, Pb-Pb UPC, stN— 536 TeV E E 7E ALICE Pb Pb UPC \sNN = 5 36 TeV — = 1.4_— ALICE Pb—Pb UPC, s, =536 TeV = —
v@ C 40<y<-25 ] - - =ALICE coherent J/y 1 N [ C2ALICE coherent y(2S) 3
£ == ALICE exclusive yy—pp _ T B[ ---- Impulse approximation 3 T 1.2F --- Impulse approximation =
ko) ---- SuperChic 4 &} C ..-. CGC (MSS) ] _8 [ --- CGC (MSS) ]
e 1= — Upcgen = A & i ] © .. STARlight ]
s E — STARIight 3 5[ -~ STARlight = 1- - -
: : — — EPS09 (Upcgen) .- - — EPS09 (Upcgen) s
- . - —-LTA (Upcgen) .-~ g - —-LTA (Upcgen) e ]
i ] af e g 0.8 - N
E [V U b = osf ’ ]
f : oF 3 el T T
o 1,55 P | 1 | 1 1 C. ] :__,‘ . ]
= £ f = ] D= -
S rofmm £ w3 oz w(2s) -
S O 55_ N E ‘ I ‘ I E 0 C 1 |4 1 1 1 1 3' 5I 1 1 |3 1 1 Il 2‘5I 1 ]
. 2‘ 3' 4" 1_‘.} é ? é '9 10 O 1 I Il 1 1 1 1 I I 1 1 1 1 — —3a. — —
iy, (GoV/c?) -4 -3.5 -3 -2.5 , y
" Test of photon flux with p pairs = [ 7 TALCE Po-POUPC, (5536 TeV |
—  STARIlight describes data at -3<y<-2.5 but underpredicts by 40% in other regions ] 0-4T|:AL|CF coherent \u(tZS) to J/y ratio ]
= r ulse approximation b
—  Upcgen and SuperChic4 overpredict data by 10-20% I Sé;ﬂl hpp :
. - PO ight . 1
=  Measured J/y and y(2S) cross section arxiv:2605.13569 = 0-3?—E$§?ag(gpecr%en) Ratio -
—  Suppression wrt. IA (Sp,/¥ ~ 0.76, Sp, Y25 ~ 0.71) : Pl ]
—  STARlight overpredicts data — Glauber-like rescattering is not enough 021 e -
—  EPSO9 (central set) and LTA (weak shadowing) underestimate measured J/y cross section but E m ]
consistent with y(2S) data 01k i T 7
— Good agreement of CGC model with shape fluctuations .
. Ratio| 4¢y<,5=0.131 £ 0.012 (stat.) + 0.013 (syst.) = 1.4-1.90 below all models, except CGC e I T I,
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p- spectra for identified hadrons in inclusive UPC

ALICE Preliminary, Pb-Pb UPC s, = 5.36 TeV

+ T

S — STARIight + DPMJET
% 1 4Kk = STARIight + DPMJET
< F +psF  — STARIight + DPMJET
- E
10
e L
10°
Il <0.9
1073 ol e b s b e by by b e by by by g 1
02 04 06 08 1 12 14 16 18 2
P, (GeV/c)
ALICE Preliminary, Pb—Pb UPC m =536 TeV
o 0.45¢
o E
g 0.4? %% — STARIight + DPMJET }
D 0.350 | I
> oab %—%ﬁ, — STARIight + DPMJET } + {
0.25;— 7 <0.9 f
0.2
0.15F
0.1
0.05(
ot Tt L A VTR AT AU R A
0 02 04 06 08 1 1.2 14 1. 6 1. 8 2
(GeV/c)
19.05.2026

ALICE Preliminary, Pb-Pb UPC s, = 5.36 TeV

8 0-5 Vo= 5:36 TeV {5, = 5.02 TeV
= E NN T @ Sn = - @
ECU 0'455 KK 4Pb-PbUPC  §p-Pb,0-5%
o 04 ™7 ’ ++
€ 35E Sk IP-POUPC  {p-Pb,05% _H_—’—T
0.3z In<08 +++T
0.255 ++
0.2 +++ ‘ : ~ _r:é_
0.155 s et
0.1 4;;'“_ o
0_05; '°-.+ - 0203 — ’
) P e N I IV IV IS I B
0 02 04 06 08 1 12 14 16 18 2
Py (GeV/ce)
ALICE Preliminary, Pb-Pb UPC {5, = 5.36 TeV
é 004'25 Vo =536 TeV {5 = 5.02 TeV _%_T
(] . [
% 0.4%— K+K tPo-PoUPC  |PD-PD, 0-5% +
2 0.355_1?:2.1‘PVPKJUPC }Pb-Pb, 0-6% +<i» { ]+
0.3; 7] < 0.9
0.25F +"" t
E oy -
0.2 +¢- ¥ o
0.15F e !—i—H;{
0.1 e {» -
0.05F ++*” =
QE— rw"f”“' i} PN PN IR BRI AR |
0 02 0.4 06 08 1 12 14 16 18 2
P, (GeV/c)
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FILICE

Corrected yields of i, K, p

Spectra compared to
STARLight (photon flux) +
DPMIJET (nuclear breakup)

MC failed to describe
ratios

Similar behaviour to pp
collisions
Comparison to other
systems

K/m: y-Pb shape similar to
p-Pb and Pb-Pb

p/m: y-Pb shape similar to
smaller systems (p-Pb or
Pp)

STARIlight: CPC, 212 (2017) 258-268
DPMIJET: Phys. Rev. C 83 (2011) 041901
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Counts per 1 MeV/c?

Strangeness in single gap UPC events

7 ; == i — e — % L TN N L B B B B ] B e B L L B B R BRI I
10 % RUCE ]Performalnce T -+-lI)ata T E % | ALICE Performance —+ Data | § L ¢ st ALICE Preliminary ]
" Po-Pb, UPC |8, ~ 5.36 TeV —Slgna:+Bkg 12 Pb-Pb, UPC |5, = 5.36 TeV :aggg:wm = 10F [Jem Pb-Pb, UPC {5 =5.36 TeV
106_ 'Y+Pb —)K +X B;(ggna ,g uv_v 107 ?'\/+Pb —> /\+X R~ Bkg = + : |:|syst.uncorr. _._A/Kg (HM‘ SGA) :
F 3.0< P, <34GeV/c jo F14< p,<1.6 GeV/c i = 0.8f- A/KO p-Pb {5 = 5.02 TeV |
105;_|yv01<0'5‘ Myel <08 KO 1 & [ Wel<05M,|<08 A i ™ 60-80%, PLB 728 (2014) 25 1
i S 15 7T i 0.6[ WFH'L‘_‘_‘_‘ a
. 18 108 - C L‘—‘_L ]
10“5_— E E 3 0.4~ —"—" -
. C 1l - E—E:I .
3 + f ﬁ ~* 1 0.2~ -
10 Ll iR - ]
A |/..|‘l.|...|...|. L PRI S R R S L 0.0'....|....|...‘m...1....|....|.‘..|.‘..|“
0.44 0.46 0.48 0.5 0.52 0.54 1.105 1.11 1.115 1.12 1.125 0 il 2 3 4 5 6 7 8
M,... (GeV/c?) M, (GeV/c?) p, (GeV/o)
K% mesons and A baryons spectra measured in inclusive photonuclear reactions
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Studies of collective expansion in UPC
Vector Meson Dominance model — effectively hadron-Pb collisions
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Exclusive T pair production
= 1 pair photoproduction in Pb-Pb
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Run 3 data analysis in pp: CEP ¥

ALICE

= Resonance structure visible in
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Summary

Neutron and proton emission have been measured
— Access to various impact parameter classes

New constraints on the nuclear PDFs, inner structure, saturation or
shadowing, photoproduction mechanisms imposed with J/\y and
y(2S) measurements

— Onset of saturation with double differential measurement?
— New and first measurement in UPC Run 3 with J/y, y(2S) and pu*u pairs

Studies of collectivity with inclusive measurements
QED studies with lepton pair production
Exciting era for CEP and photoproduction in pp collisions in ALICE
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Exclusive four pion photoproduction

Counts / (20 MeV/e)
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Acceped after 6% iteration

Excited p states expected

— The mass and the width poorly
measured

PbPb —>PbPb ntt " 1
Coherent component clearly seen

Single resonance:

—  p(1450): 47.8 £ 2.3%%t + 7.7%t mb

Double resonance:

—  p(1450): 24.8 £ 2.5%t + 8. 1%t mb
—  p(1700): 10.1 + 2.3t + 5.3t mp

Fully corrected invariant mass distribution fitted with a relativistic Breit-Wigner

with a S6ding term with one or two resonances

Single resonance fit in agreement with p(1450) but disfavoured (y2/ndf =

48/25)

Single resonance with interference with background describes well

(y2/ndf = 15/22)

Two resonances fit give better description (x2/ndf = 18/21) and a rough
agreement with PDG p(1450) and p(1700) with mixing angle
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Models |t]|in coherent and incoherent J/y

. LTA (shadowing): PRC 95 (2) (2017) 025204;

- vector dominance model (VDM) based on perturbative Leading Twist Approximation (LTA) of nuclear shadowing.

. b-BK (saturation): arXiv:2006.12980 [hep-ph];

- impact parameter dependent BK computation.

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

- Based on IPsat model.

= GSZ (shadowing): PRC 99 (2019) 015201;

- VDM based on LTA shadowing including elasic and/or dissociative part

. MSS (saturation): PRD 106, 7 (2022) 074019

- Based on JIMWLK equations.



Models

Black disk limit:
—  Frankfurt, Strikman, Zhalov, Phys. Lett. B537 (2002) 51-61.
—  total cross section of the interaction is equal to 2rt R,2.
STARlight:

—  Klein, Nystrand, Seger, Gorbunov, Butterworth, Comput. Phys. Commun. 212 (2017) 258-268; Klein and Nystrand, Phys. Rev. C 60 (1999)
014903.

— Based on a phenomenological description of the exclusive production of VM off nucleons, the optical theorem, and a Glauber-like eikonal
formalism, does not take into account the elastic part of the elementary VM—nucleon cross section.

— Includes multiple scattering, no gluon shadowing.
GKZ (Guzey, Kryshen and Zhalov):
—  Guzey, Kryshen, Zhalov, Phys. Rev. C93 (2016) 055206; Frankfurt, Guzey, Strikman, Zhalov, Phys. Lett. B752 (2016) 51-58.

—  Based on a modified vector dominance model, in which the hadronic fluctuations of the photon interact with the nucleons in the nucleus
according to the Gribov-Glauber model of nuclear shadowing

GMMNS (Goncalves, Machado, Morerira, Navarra and dos Santos):

— Gongalves, Machado, Moreira, Navarra, dos Santos, Phys. Rev. D96 (2017) 094027; lancu, Itakura, Munier, Phys. Lett. B590 (2004) 199-208,

—  Based on the lancu-Itakura-Munier (IIM) implementation of within the colour dipole model coupled to a boosted-Gaussian
description of the wave function of the vector meson.

CCKT (Cepila, Contreras, Krelina and Tapia):

—  Cepila, Contreras, Tapia Takaki, Phys. Lett. B766 (2017) 186—-191; Cepila, Contreras, Krelina, Tapia Takaki, Nucl. Phys. B934 (2018) 330-340; N.
Armesto, Eur. Phys. J. C26 (2002) 35-43

—  Based on the colour dipole model with the structure of the nucleon in the transverse plane described by so-called hot spots, regions of high
gluonic density, whose number increases with increasing energy. The nuclear effects are implemented along the ideas of the Glauber model.
Version without hot spots (named nuclear) and including them.

— Indicates
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—  Frankfurt, Guzey, Strikman, Phys. Rept. 512 (2012) 255—-393.
IIM BG, IPsat, BGK-I:
- CoIoIr digole approach coupled to the Color Glass Condensate (CGC) formalism with different assumptions on the dipole-proton scattering
amplitude.
— Gongalves, Moreira, Navarra, Phys. Rev. C 90 (2014) 015203; dos Santos, Machado, J. Phys. G 42 no. 10, (2015) 105001. (saturation)
—  Lappi, Mantysaari, Phys. Rev. C 83 (2011) 065202; Lappi, Mantysaari, Phys. Rev. C 87 (2013) 032201. (saturation)
—  A.tuszczak, Schifer, Phys. Rev. C 99 no. 4, (2019) 044905. (shadowing)
GG-HS:
—  CCK color dipol model with hot spots nucleon structure with Glauber-Gribov formalism
—  Cepila, Contreras, Krelina, Phys. Rev. C 97 no. 2, (2018) 024901; Cepila, Contreras, Tapia Takaki, Phys. Lett. B766 (2017) 186—191.
b-BK:
—  Bendova, Cepila, Contreras, Matas (BCCM) model based on the color dipole approach coupled to the impact-parameter dependent Balitsky-
Kovchegov equation with initial conditions based on the Woods-Saxon shape of the Pb nucleus.
—  Bendova, Cepila, Contreras, Matas, Physics Letters B 817 (2021) 136306.

19.05.2026 WPCF 2026 - Adam Matyja - ALICE UPC orverview 26

E 14: ALICE Pb+Pb — PL
Models 5 e 0 ST
10 T A ere

Impulse approximation: [ iMes e
—  Exclusive photoproduction off protons, neglects all nuclear effects but coherence. 8~ Eeries
—  Based on STARlIight. - — — bBK (EcCM)

EPS09 LO: °E , _
—  GKZ model with parameterization of nuclear shadowing data. a— -
—  Eskola, Paukkunen, Salgado, JHEP 04 (2009) 065. - - ;,;]};;,_5“3

LTA: 2
—  GKZ model based on Leading Twist Approximation of nuclear shadowing. D—_iq . L



Models

" noon:

— Broz, Contreras, Tapia Takaki, “A generator of forward neutrons for
ultra-peripheral collisions: nOOn”, Comput. Phys. Commun. (2020)
107181.

= JMRT NLO:
— next-to-leading-order calculations

— Jones, Martin, Ryskin, Teubner, J. Phys. G 44 no. 3, (2017) 03LT01;
JHEP 11 (2013) 085.

= BM:
— Perturbative JIMWLK evolution based on HERA data
— Mantysaari, Schenke, Phys. Rev. D 98 no. 3, (2018) 034013



Incoherent J/y large |t| supression models

= Guzey-PRC99, 015201 (2019)
— Shadowing model based on LTA
— |t| independent shadowing + HERA data
= Cepila-PLB 852,138613 (2024)
— Saturation based on Golec-Biernat — Wusthoff model
— Energy dependent number of hot spots
= Mantysaari- PRD 106, 074019 (2022), arXiv:2312.04194 (2024)
— Saturation model based on JIMWLK equation
— Event-by-event nucleon shape fluctuations, 3 hot spots



J/W in Run3

= STARlight: Klein, Nystrand et al., CPC 212 (2017) 258-268

= Upcgen: CPC, 277 (2022) 108388 based on Guzey, Kryshen, Zhalov, PRC 93 (2016) 055206
= SuperChic: EPJC, 80 (2020) 925

= CGC: Mantysaari, Salazar, Schenke, PRD 109 (2024) L071504
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