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Ultra-peripheral collisions (UPC)

Impact parameter b >R, + R,
= Hadronic interactions suppressed

Photon induced reactions:

=  Well described in Weizsacker-Williams approximation

= Photon flux ~ 2% (Z,, = 82)

"= large y-induced interaction cross section

Clear signature:
= Low detector activity
= Rapidity gap(s)
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Photoproduction and main variables

Hard scale assured by high
mass states i.e. J/Y ,i(2S)
Semi-hard scale for p°

2023-05-19

QED is here
Pb v* Pb
QZ
VM (J/y, w(2S)) (v, p;)
Wy*Pb, " §
Pb, p § Pb, p
~_ A
pQCD is here

Photon Q*~ M,,,* / 4

Vector Meson (VM) quantum numbers:
— JPC=1-

Bjorken-x: fraction of longitudinal
momentum of proton

My y
oty

XB —
SNN

» Photoproduction is sensitive to gluon
density evolution at low x; at LO

» There are new NLO calculations
Photon-target center-of-mass energy
W]/Z*Pb,p = 2Epp pMyme™
4-momentum transfer t

— Gluon distribution in the transverse plane
|t| ~ pTZ
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104

j—;(Pb+Pb—- Pb+j/+Pb) [mb]

22 (Pb+Pb = Pb+/¥+Pb) [mb]

J/w photoproduction — LO vs NLO

LO with EPPS16 ) . — Full [MJ?
VSan =5.02 TeV /. AN Tm(M))2
Me = pg = 2.37 GeV o pe— |Re(M)|2
| . |
| R |
1 4 \\ |
T T ! T T T T T 'I T T
-6 = -2 0 2 1 6
| Y |
1 1
NLO with I;JPPSIS e !“ull |2
1 Vsyn =5.02TeV h \ &)nly Gluons
MHe=Lp =2 ,57 GeV N e bnly Quarks
I —— Interference
| |
I I
I _ . |
1 N I
! 1
ap BN
_\ | | \‘_':'.' S
- |
I I
T I' T~ ~ 1T T T T * T T T T T T 1T 'I — 1
6 | -4 —2 0 2 1 &
I Y, I
1 Current experimental range _,
€ . >
of LHC experiments
2023-05-19

LO:
— Gluons
— Ryskin, Z. Phys. C57, 89-92 (1993)
do(yp—-J/¥p) —
dt

2G 20s Fee]m J a*|at’| 2
= |F<% 5 (t)] 3[xG(xq2) (2q2)3 ]
NLO:
— Quarks play a role

— Eskola et al., Phys. Rev. C 106 (2022)
no. 3, 035202' arXiv:2210.16048

.""-4 — MI\LG JMI\LG
Differences.
— Gluons vs quarks
— Shape

— Normalization
— Scale dependence
— nPDF dependence

What is the impact of higher order
corrections?

Be carefull with interpretation!
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p; signature

Coherent Vector Meson (VM) photoproduction:
= Photon couples coherently to all nucleons (whole nucleus) /‘g
= <p;'M>~1/R, ~50 MeV/c AHCE "";Effs 1502 TeV
= Target ion stays intact T e
Incoherent VM photoproduction:
= Photon couples to a single nucleon
= <p,'M>~1/R,~ 400 MeV/c 7
= Target ion breaks, nucleon stays intact
= Usually accompanied by neutron emission L T
Exclusive VM photoproduction on target proton:
* Photon couples to a single proton T,
= <p,"M>~1/R, ~ 400 MeV/c C e
= Target proton stays intact (similar to coherent) in p-Pb case S S
Dissociative (or semiexclusive) VM photoproduction: Eur. Phys. J. C (2019) 79:277
— Photon interacts with a single nucleon and excites it P P
— <p;M>~1 GeV/c TR v
— Target nucleon and ion break (in heavy ion collision)
— Target proton breaks (in p-Pb) -
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— Search for saturation at low x;

Motivation

Coherent vector meson (p°, J/wv, y(2S)) photoproduction particularly
sensitive to the gluon shadowing

— Nuclear gluon shadowing factor Sy, = R,A(x,Q?) = g,(x,Q%)/Ag,(x,Q%) < 1
— Saturation may contribute to nuclear shadowing

|t|-dependence helps to constrain transverse gluonic structure at low xg
How well do we model photon flux?

Constrain parameters of models

pQCD test

Accardi et. al.: Eur.Phys. ] A 52 (2016) 9, 268

10F

101 3
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¢, PROTON
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Y =In 1/x

‘ Accardi et. al: Eur.Phys.J.A 52 (2016) 9, 268 — Eskola et al.: Eur. Phys. J. C 82 (2022) 413
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ALICE: 2008 JINST 3 S08002; A LI C E d Ete CtO I = Central Barrel tracking

(e*, h%)
Int. J. Mod. Phys. A29 (2014) 1430044 ’
a. ITS SPD Pixel — | n| <.0'.9, 0< @p<2n
b. ITS SDD Drift — ITS - silicon detector
c. ITS SSD Strip LD LAY — TPC - gas drift detector
d. VOand TO L.
e. FMD — TOF - resistive plate

chambers

‘= Forward tracking (u*)
— -4<n<-25

— Absorber

— Muon tracker

1. ITS Muon trigger
> E T e Dipole magnet
4 7 P O e K
g: gggls.cpv iy N, Bl =).4 s “/ AD W zZDC
10. L2 Magnet B B i e P . g |
11 Absonber h ~ SpPl'™ "= Diffractive detectors
g vsise vl = 4 — AD - scintillator counter
1 Cinde Mawnet — < — VO - scintillator counter
waoe | TS — ZDC- sampling
19. ACORDE calorimeter

= Vertex

— Pixel
= Trigger
| | — SPD,TOF, AD, VO, Muon
2023-05-19 i e > 8

n



Coherent J/\y in Pb-Pb at Vs, = 5 TeV

= 14 ALICE

Compatibility between ALICE, LHCb
and CMS results, but ... tensions are  2[_z8=""
visible = |

Wide rap|d|ty range: E - ALICE Pb+Pb — Pb+Pb+J/y |5y, = 5.02 TeV
- Z .. @ ALICE coherent J/
— Forward region: J/y — pu Z 12 2 e e maton
1 . + - + A- IEETETE STARLIGHT
— Central region: J/y —> prp,efer 8§ | o 2 o
and 0] 10— === LTA (GK2) I T
o == IMBG (GM) IS
Nuclear gluon shadowing factor T — - IPsat (LM
gl— —  BGK- (LS) ,"Spb 2 =0.642
S ( O) do — -=--- GG-HS (CCK) e’
— ~ —_ =~ ~ == b-BK (BCCM) g
PpLY dydata ayrg 5l ’
— 5p,=0.64 £0.04 -
for03><103<x3<14><103 Al

o

ALICE: Eur. Phys. J. C 81 (2021) 712 | Y

No model describes the full rapidity dependence

— Models with nuclear shadowing (EPS09 LO, LTA) or saturation (GG-HS)
describe central and very forward data but tensions in semiforward
region

— Other models describe either (semi-)forward or central rapidity region
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Rapidity dependance: Ambiguity problem

= Two sources = two values of x;

Eur. Phys. J. C 81 (2021) 712

dJAA AA’]/lp g 14— ALICE Pb+Pb — Pb+Pb+J/y \f?NN =5.02 TeV
N -
= Ney)opalwy) + Nwyz)oya(pe) 3 o wozermensy
P High h o © | - STARLIGHT
© . —— EPS09LO (GKZ
Ig energy p oton . MVM +y 10— === LTA(()?%KZ)( : e -
Wyq1 = e "~ —e-e IMBG (GM)
2 | — = IPsat (LM)
g— — - BGK-(LS) ’
L ---- GG-HS (CCK)
- —=bBK(BCCM)
Detector j
L 1 MYy
Xp = B
Pb Pb wyl,yZ 2\/ SNN =
o Low energy photon Pb
. o) ~1.1x -5
o I 1:5% %3~ 1.1 <10 50 % each x; ~ 1073
Jhy o 2: 95%XB~3.3 x 1072
etector
1: 40 % x5 ~ 5.1 x 10
_ Myy _, 2: 60 % xz ~ 0.7 x 1072
2
Pb Pb

Contreras, PRC 96, 015203 (2017)

2023-05-19
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Solving the ambiguity problem

do /
AAd:;A 1/ — N(wyl)o'yA(a)yl) + N(w)/Z)O-]/A wyZ)

Photon flux Photon energy
Coherent J/\y at midrapidity Coherent J/\y at forward rapidity
= UPC cross section can be = 95% of the cross section comes
directly linked to from the low energy photon
photonuclear cross section (high x; gluon)
do do
dy 2N (wy )oypp(wy) dy = N(wy2)oypp(wy2)

/

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

2023-05-19 Adam Matyja - ALICE UPC overview - Biatasdwka 11



Centrality (70-90%) (50-70%) (30-50%)
UL L L I L L LI I L L L L

s z

E‘i : 10 N __ a ; 1 0 [ T T T T T T T T T T T T T T T T T ]
S C ALICE, Pb-Pb |'s, = 5.02 TeV 1" 5 ALICE Preliminary Pb—Pb, |s,,,=5.02TeV ]

NI ) Q) .

m% A B 4 = > - Centrality 50-70% -
N - Jy > un,25<y<4 - ? [= 8 Global syst. uncertainty: 9.2%
>~ |~ < —_ - -

v B 1 N =5 §
I i p. <03 GeV/c I Data [ ]Model i —,bS -é: of o Jiy - e, [y| < 0.9 4
< 0.3<p <1GeV/ic | Data [[JModel N - Usperimit 6% G.L i
< = B ! -

> 1<p <2GeVic { Data | |Model S i W. Zhaetal .
0 4+ Phys. Rev. C99 (2019) 061901 —
B _ ) i
G L -

I =] -

N ’
;l; i ! e [ | ]
- 0
w

Coherent J/w in non UPC Pb-Pb

Low p; (< 0.3 GeV/c) and R,, excess (24c for the peripheral class) ALICE
explained by photoproduction in peripheral collisions

Hadroproduction dominates in higher p; intervals

Good description of R,, by model (W. Shi et al.) with medium effects +
photoproduction. QGP effects also considered

Both forward and central region
Similar observation by LHCb (PRC 105 (2022) L032201)

Is the same for other VMs?

Photo-production in peripheral

(10-30%) (0-10%)
I L LI I L L L] I L L L L I L L L L I LI L)

0.05 01 015
pT(GeWc)

O
o

OIIIISOIII%OC;”%SC;”IZO(;”ZSO”300”I35C;“;100
<Npart>
W. Shi et al., Phys. Lett. B 777 (2018) 399-405



No breakup (OnOn) .

e

Pb

e

Pb

Single breakup (XnOn + OnXn)

e

Pb

=

Pb

Pb

N

Pb

Impact parameter dependence

>— secondary photon exchange
Pb —> Giant dipole resonance
All protons vibrating against all neutrons —

)= Knocks out neutrons

Double breakup (XnXn)

=

Pb
»
LILILI | 1 1 1 Frrrry 1 1 1 1 ey
F L — -
Pb | 12R, -~ ]
Yool 1
L #
.II I '
X
2 = i
Pb* + X & 05 : STARLiGHT .
1 LHC beam energy
LAY —— Ondn
j : __.‘:__ —— ¥nln
VAN — XnXn
B I.-'- \"'\.%.\.
*+ |:| Ly L1 1 T I—III|_."|- [ e N |
Pb™ +X 0! 10 [ig

b (fm)

UPC event clasifier: OnOn, OnXn, XnXn

2023-05-19

Pb* + X — via electromagnetic dissociation (EMD)
Adam Matyja - ALICE UPC overview - Biatasdwka
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counts/(0.2 TeV)

Neutron emission in UPC

FII,I_IQE

105 o F1 I T T I I I I
— Data ~ 208 P
— Fit, In—6n CR I UPC “"Pb—"Pb, |y = 5.02 TeV _
104 == Fit, 1n © F e ALICE 5
- RELDIS .
= § ! smsmsmss ngn -

10°

ALICE :
] Pb—Pb 1[3_,“ =502 TeV 10
' No signal in ZEMs

14 0 1 2 3 4 5 6 7 8 9 10

5] 8 10 12
E e (TeV) i
N a(in) GRELDIS (jpy) | G"0n(jn) " |tis huge!
(b) (b) (b) = Up to 5 neutrons
In_ [ 1084£0.1£37 [ 108054 [1037£21| & Hadronic cross section
2n | 25.0£0.1+£13 | 259+£13 |23.6+05 _
G,.q=7.6710.24b

3n | 795004023 | 11.4£0.6 6.3+0.1

. o
in | 5.65L003L033 | 78404 | 48+0.1 Good description of 1nand 2n

emission , but other classes are

5Sn | 454100341044 | 63+03 17501 .
i ) not so well described

In=5n | 151.5£0.2£4.6 [59.8+£5.6 | 143.14+£2.2

RELDIS: Phys. Part. Nucl. 42 (2011) 215.

ALICE, arXiv:2209.04250v1 (2022), submitted to PRC NOON: Comput. Phys. Commun. 253 (2020) 107181.
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Techniques to solve the x; ambiguity

Different breakup classes using the neutron ZDC on the A and C side
— Guzey at al,, Eur. Phys. J. C74 (2014) 7, 2942
— Photon flux depends on the impact parameter

= Taken from theory, burdened with uncertainties

— Solving the linear equations resolves the two-fold ambiguity for VMs aty # 0

dopppp — dapppp’NON + ZdUPbeONXN dopppp*NXN
dy dy dy dy
dO'PbpbONON
|| A7ONON ONON _ _
dy =N (wy, +¥)pypn(@y1, +y) + N (wy2=y)oyen(@y2,~¥)
dopppp”" ™" ONXN \ ONXN
dy =N (wy1, +¥)oyen (@)1, +¥) HN (wy2, =y)oyes(@y2, =)
measured theory extracted

= Simulataneously uses UPC and peripheral classes
— Contreras, PRC 96 (2017) 015203

d pP

Gliz—;b = N"(wy1, +¥)0ypp(@y1, +7) + N (@y2, =) aypp (@2, —¥)
d U

GPZ—P: = N"(wy1,+y)oyps(0y1, +y) + NV (@y2, =¥)ypp(@y2, =)
2023-05-19
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Energy dependence in coherent J/y

ALICE

= Compilation of published results based on ALICE
Run 1 data compared to current model calculations

— Sensitivity to x; ~ 10
— Low xg described by shadowing and saturation models

Bjorken-x Bjorken-x
1072 10°7° 107 10°7° 0 1072 10°° 107 107°
:g; 103 . I \ \ I (Dn' E I I \ \
E 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~ 4 Contreras, using ALICE Pb-Pb |5, = 2.76 TeV (PRC 96 (2017) 1, 015203)
© B - Impulse approximation T B - - Impulse approximation ----LTA
- _._ STARIight Pt 1.4 __ sTARight .GG-HS
— EPS09 LO - 1 Zi — EPS09 LO -~ b-BK-A
10°= - - LTA B
- - GG-HS T Ot 1=
_ --b-BKA g WU PLL L -
i - e i Tl OBj
- z. 0.6
10 i 0.4
- ﬁ 0.2
B | 1 | | 1 1 1 1 ‘ | | 1 1 1 1 1 1 | O: | 1 1 1 | 1 | 1 ‘ | 1 1 1 1 | 1 | ‘
20 30 4050 102 2x10? 10° 20 30 4050 102 2x10? 10°
Wbe,n (GeV) WyF‘b,n (GeV)
EPS09 LO: PRC 93 (2016) 055206 + JHEP 04 (2009) 065 GG-HS: PRC97 (2018) 024901
LTA: PRC 93 (2016) 055206 + Phys. Rept. 512 (2012) 255 b-BK-A: PLB 817 (2021) 136306
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Coherent J/w in neutron emission classes(®)

do/dy (mb)

doy/dy (mb)

ALICE
85 ALICE Pb-Pb {5, = 5.02 TeV € 10~ ALICE Pb-Pb 5= 5.02 TeV
= ¢ ALICE Preliminary OnOn B T -5‘ - ¢ ALICE Preliminary XnXn
T Impulse approximation e .| 8 0 B_ -- Igf'q_%l}!ﬁ%stpprommahon
C -.- STARligh - - B8— - e
s EPSOSLO - —EPS09LO 1 ALICE Run 2
T .GG-HS L - - GG- K
5 - pokA [— | o Bk Corrected for:
4 T b - e . .
= o4l = Event migration
2 o among classes
1:
2 P L = Neutrons from
b T SN T T T S N ST TN N S S N N T SO S W 0.0 1 L1 -
- B i pile-up
2 _2s " Charged
| ALICE Pb-Pb |5y, = 5.02 TeV E [ ALICE Pb-Pb s, =5.02 TeV . |
¢ ALICE Preliminary XnOn mmmmmm—— e z B ¢ ALICE Preliminary OnXn+Xn0n pa rt|C e
1'0_ -- g?rpAuF!tsle ﬁ.pproximation g g 20— - Impulse approximation LeemTTTTTommmm e e -~ .
L -- i . - --- STARligh P
-/ S e 00 production
0.8~ - - LTA r - --LTA f
- ....GG-HS —-GG-H
[ --bBKA S i 1.5 -..-bG.%K.f\’ rom
067 v - == =T . . .
E i dissociation of
B 1.0~ . .
5 either nuclei
05/
0_0:' L \ L

Sensitivity to test theoretical models
Good test of photon fluxes

2023-05-19 Adam Matyja - ALICE UPC overview - Biatasdwka
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Energy dependence of coherent J/y

ALICE
BJorken X
1072 107° 10°* 10° = First measurement of
T L the energy dependence
= = ¢ ALICE Preliminary, Pb—Pb\(s_NN=.5.O2 TeV - of the photonuclear
g ~ ¢ CMS, Pb-Pb @:5.02 TeV (arXiv:2303.16984) ] cross section down to
= - m Guzey et al., 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) -7 Xg ~ 10>
- - Impulse approximation PP 7 om Consistency between
1R e ] - twomethods: Run 1
- tA e e 3 with peripheral
. GG-HS - e ] collisions and Run 2
L - b-BK-A R data with neutron
- . emission classes
10 | = Neutron emission
- . technique extends the
-/ ﬁ] - explored energy range
L | R R S R | R over 300 GeV!

2 2 3
20 30 4050 10 2x10 » (G1|gV) = Unprecedented Xg
vPb,n . .
region is probed, not
" Rise at low W.p, .~ 15 GeV — ~ 40 GeV available by any other
—> consistent with fast-growing gluon densities toward LHC experlm-ent
lower x " Both saturation and
B

_ shadowing models are
= Flattish trend from W, ~ 40 GeV — ~ 800 GeV favored at low-x,,

2023-05-19 Adam Matyja - ALICE UPC overview - Biatasdwka 18



Spo

Nuclear suppression factor of coh. J/y

ALICE

First measurement of

downtox;~1.1x 107

At low-xg data favours

Additional uncertainty

19

Bjorken-x
5 1072 10°° 107 10°7°
_\ T T T T I TT T T T T T T 1 TTT T T T T T I TTT T 1T 1 T T I T I_W
- ¢ ALICE Preliminary, Po—Pb |s, = 5.02 TeV .
1.8 & GMS, Po-Pb |5, - 5.02 TeV (arxiv:2303.16984) = the n UCle_a r
16 - © Guzey et al., using ALICE Pb—Pb |5, = 2.76 TeV (PLB 726 (2013) 290-295) = suppression factor
T E A Contreras, using ALICE Pb-Pb |s,, = 2.76 TeV (PRC 96 (2017) 1, 015203) 7
1.4 - - Impulse approximation - - LTA — .
-~ --- STARlight . GG-HS - Very wide energy
1.2~ __ EPS09 LO __b-BK-A — range 20 — 800 GeV
1 = _
- . both saturation and
- - shadowing models
0.6 .
0.4 =3 from impulse
- . approximation
0.2 = PP
0 - | 1 ! | 1 Lo 1 1 ] Lo 5
20 30 4050 102 2x10? 10°
Wbe,n (GeV)
No model describes the whole energy/Bjorken-x range!
2023-05-19 Adam Matyja - ALICE UPC overview - Biatasdwka



Coherent y(2S) photoproduction

UPC Pb-Pb at Vs, = 5.02 TeV
y(2S) » puruntn, etent,
I*I

Nuclear gluon shadowing
factor

— S, =0.66 + 0.06 for
0.3x103<x3<1.4x103

— Consistent with J/y result
Good agreement of models

with shadowing (EPS09 LO,
LTA, Guzey et al.)

Good agreement of ALICE
data with model BCCM (with
saturation)

Other models overpredict
ALICE data

_—

do/dy (mb

3.0

2.0

1.5

1.0

0.5

ALICE
- ALICE Pb+Pb — Pb+Pb+y' \."STN =5.02 TeV
_ [ ALICE coherent y'
_ ---- Impulse approximation
~ - STARLIGHT
- —— EPS09 LO (GKZ)
_ === LTA (GKZ)
~ ---- GG-HS (CCK) Y Sk
- —=-Db-BK(BCCM)
- Se 2=0.662
- R

ALICE, Eur. Phys. J. C 81 (2021) 712



Coherent vs. Incoherent J/\y inyp

Pb4+Pb —= J/¥ + Pb+ Pb, /s =502TeV,y =0
10 : 1+ :
— Geometrlc and Qs fluctuatmns in the nuclecns 1.0
=== No subnuckeon fluctuations —_—
— = N O
T Incoherent 10.8
G : —1r 1T |
g : : ' : : ' 0.6
£ ) — o T T
3 10.4
IS (1 B B !
' 0.2
10-2L . . . . . : —1¢ :
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 . 1 . . . . o
t| [GeV?] 1 0 1 G 1 0.0
Mantysaari, Schenke, PLB 772 (2017) 832 z[fm] z[fm]

Event by event fluctuations of proton density profile
Mantysaari, Schenke, PRD 94 (2016) 034042

= Wider |t|-distribution — scatter of smaller object
" Variations — quantum fluctuations

" Fluctuations = subnucleon degrees of freedom

= Are subnucleon dof. significant?
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Coherent J/vy

Central region
— v -

Coherent |t|dependence is sensitive to
the average spatial gluon distribution

Bayesian and SVD unfolding used to

transform p;2 — |t|

Transition from UPC to photonuclear

Cross section

" Photon flux
2 .CO

oyl 2o (y =
dydp? e

y=0
Comparison to models:

— STARIlight does not contain explicitly

shadowing — do not describe shape nor

magnitude

mb c2 GeV?)

~—

Ao, /Al

Model / Data

— LTA contains nuclear shadowing — agrees

with data

— b-BK based on gluon saturation — agrees

with data

2023-05-19

—
(@]
S
/
o1
Lo

RS IS

ALICE, PLB 817 (2021) 136280 ALICE

ALICE Pb+Pb — Pb+Pb+J/y |5, = 5.02 TeV

ALICE coherent J/y, |y|<0.8
N -+ Experimental uncorrelated syst. + stat.
Experimental correlated syst.
N UPC to yPb model uncertainty

— STARlight (Pb form factor) N '\\
--— LTA (nuclear shadowing) N
— - b-BK (gluon saturation)

B e e e Foommme e R

o STARlight / Data_|
o LTA/Data
7 b-BK/ Data

Adam Matyja - ALICE UPC overview - Biatasdwka

0.01  0.012
It (GeV? ¢?)

0.002 0.004 0.006 0.008

LTA: Phys. Rev. C 95 (2) (2017) 025204.
b-BK: arXiv:2006.12980 [hep-ph].
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Incoherent J/y

Lo ALICE, Pb-Pb {5y, = 5.02 TeV
% 200 Sy o
« 180 UPC, Lm=232:7ub"
g 160 0,2<pT< 1.0 GeVie
V<08
E 140 Ny, =51226
100
80
. 60
Central region « !
J/ U 0 it '3'é - ';5 I e
Y — Ui ' ' T my (GeVicd)

Incoherent |t|dependence is
sensitive to the variance of the
spatial gluon distribution

First measurement of this kind
ever — probing for gluonic , hot
spots” in Pb

Models fail to predict the
normalisation

Normalization is linked to the
scaling from proton to nuclear
targets

(Slope of) data favor models with
gluonic subnucleon fluctuations
(MS-hs and GSZ el+dis)
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do,py/dit| (mb GeV?)

Model / Data

ALICE
ALICE, arXiv:2305.06169 (2023) submited to PRL

i ALICE, Pb-Pb UPC \fsN =5.02 TeV
3%
_+_“"'6\.*‘ ALICE incoherent Jiy, |y| < 0.8
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MS (saturation): PLB 772 (2017) 832.
GSZ (shadowing): PRC 99 (2019) 015201.
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Yy — up in p-Pb at \/SNN— 8 16 TeV

" Yy —> UM cross section

" Good agreement of simulation and data

= Comparison with STARlight and SuperChic
(both LO QED, no FSR) shows slight excess in

data, but still agreement within 3o
" |mportant background for other UPC

processes
= Constrains theoretical models
‘f 75 —+— ALICE p-Pb 5, =8.16 TeV ]
c?ﬁ 6;' |[ 6= STARIight ‘
ER: o " SuperGhie 3
% 42— ________ R 250 <y < 3.25 -
gi 3E ,oT<SGeV/c -
R S B — '
e T s _

YT

M, (GeVic?)
STARIlight 2.2.0: Comput. Phys. Commun. 212 (2017) 258.
SuperChic 4.15: EPJC80 (2020) 925.

ALICE

T

80 f_ ALICE
70F - + p-Pb 5y = 8.16 TeV
60 F- ) Ty = Wy
E 25<y <40
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40F
30F
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20 E™ .- Exclusive 1y * "

Dimuon counts / (30 MeV/¢)

10 E_ -.-.Non-exclusive bkg.
P IR SOPITTIL S bt .
107

1
P, (GeV/c)

—+— ALICE p-Pb {5,y =8.16 TeV ]
-+-6--- STARIlight E
...... reee SuperChIC _:
---------- ) SEp— 3.25 <y < 4.00 3
p, < 3GeVilc _
.......... Arrrrrr
.,..,..“,?“-m- ]
] | | 1 | | |
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Photonuclear J/\y cross section

= Gluon distribution at HERA energies follows power law at low x;

= similar trend in Wyp

= Exclusive J/y cross section at LHC follows HERA trend so far

p-Pb 8.16 TeV: arXiv:2304.12403, submited to PRD, NEW!
p-Pb 5.02TeV: Phys. Rev. Lett. 113 (2014) 232504. Bjorken-x

: p-Pb at Vs, = 5.02 and 8.16 TeV

LHCb: pp at Vs =7 and 13 TeV

ALICE

_ 5 10" 10°2 107° 10 107°
Power IaW flt Gf\/ Wryp ié“ IIIIII | B | I IIIII LI L] IIIIII | B | I IIIIII LI L] IIIIII | B |
H1 data: 5= 0.67 £ 0.03 Zq0p * ALCE FFPb\[\@”-WGV -
ALICE p-Pb {5, = 5.02 TeV ]
CS= + + N .
data: 9=0.7+0.04 :JBf o LHCbpp Vs=7TeVand 13 TeV (W+ solutions) @%ﬁ i
— agreement LHC and HERA T o LHCbpp {s=7TeVand 13 TeV (W- solutions) mi‘ﬂV
— agreement and LHCb o +  Fixed target (E401, E516, E687) V _
Models show agreement < « Hi A;t/ LHCh
— JMRT NLO: based on DGLAP 102+ ZEUS w (W+ solution) 3
evolution with dominant NLO NEW! W ]
contribution V'W
* validtox;~2x10?° -Umﬁé T JMRTNLO
— CCT: Saturation in the energy ' ch cCt
dependent hot spot model w (W- solution) Power-law fit to ALICE data
Probe wide region x; ~ 102 - 10> ' et ol
10 20 30 40 10 2x10 10 2x10
W., (GeV)

No clear indication of gluon saturation at low xg
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D
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)
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o

no

o(y+p — Jy+p

issociative J/y in p-Pb at Vs,

- 8.16 TeV®

ALICE

Bjorken-x Bjorken-x
10°°

1072 107° 1074 102 107° 1074 107

—_
[0)]
T

e Hi
---MS

o (y+p — Jy+p)
T+

o(y+p — J/w+p*)
:) :
L e

¢ ALICE p-Pbys, =8.16 TeV

[ . —cCT ]
| L # g
¢ ALICE p-Pb {5, = 8.16 TeV 1 0.8F -
© H [ §
0.6 o -
—CCT LN ]
o4 N T -
L 1 1 L L L1 1 I L L 1 1 L 11 I [ L 1 L 1 L L1 II 1 L 1 L 1 L1 I i
20 30 40 10° 2x10° 10° 20 30 40 10°  2x10° 10°

W., (GeV) . : P
arXiv:2304.12403, submitted to PRD

First measurement of the dissociative cross section at the LHC
Energy dependent dissociative J/y cross section (x; ~ (0.5,2) x 10?)
Agreement with HERA results (H1, EPJC 73 (2013) 6,2466)

CCT model with saturation (PLB766 (2017) 186) agrees with data
— Predicted maximum at Wyp ~ 500 GeV to be checked in Run 3

MS (PRD 98, 3 (2018) 034013) to be checked in Run 3

W., (GeV)



ALICE, JHEP 06 (2020) 035 p phOtOprOd UCtlon

ALICE, Phys. Lett. B 820 (2021) 136481 ALICE

800 — 25
- ALICE Pb-Pb UPC \s,, = 5.02 TeV g B .,:' e ALICE y—Xe
700 phph s Pb+ Pb+ = i /m ALICE y-Pb
> i
O & °r ;o m Hiyp
- - o - !_,-’ fit: 6, A”
500% ________________________________________________________________________________________ Il 1 5 o :i CCKT
C o ST ; - GKZ
400% ?j C : + -=+ coherent: g, A*°
300; 1 data T STARIGN bi - incoherent: 6, A
B o reflected GKZ (upper limit) I ) o
200 (o T GKZ (lower limit) O 5 - black disk: O AZM:3
E |:| uncorr syst. ... CCKT ) A
100 E corrsyst. ..., CCKT (nuclear) P
- | | | | g GMMNS oL L L w
058 06 w04 w02 0o 02 04 06 08 0 50 100 150 200
Y A

Large cross section (~550 mb) quite well described by models

Measurement in nuclear breakup classes (OnOn, OnXn, XnXn) to distinguish
b dependence

o(yA — pPA) ~ A% with a slope
a=0.96 £ 0.02%

= Signals important shadowing effect
Far away from Black Disk Limit
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do/dy (mb)

0% in Pb-Pb at Vs, = 5.02 TeV

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

ALICE

s T W T 1 ®  Impact parameter dependence via ZDC selection
- r .o F ] .
SO | ] in 3 classes: OnOn, OnXn, XnXn
5 - -1l 1 . .
s . 1 = Comparisons with models
Q 4 : ~ 102 . .
S . — GKZ (nuclear shadowing) gives the best
2 P description
0‘- b . — CCKT (saturation) is slightly worse
B e i ES — STARIlight and GMMNS (saturation) underestimate
T R | A P S =-.Worst description for OnXn class
2> fo 2z s s~_ ® Test of pheton flux description
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P in Pb-Pb at Vs, = 5.02 TeV

ALICE
= Resonance-like structure M™ ~ 1.7 GeV/c?
— Significance of 4.5 ¢ n
— Seen also by STAR, ZEUS, H1 & [ (D)
— Most probably p,;(1690) with angular momentum J=3
— More data from Run3 + Run4 needed

dN - ; o o n
n:lm ~ =Py -exp(—Py- (m—1.2GeV /c))+ Py +Py-exp(—(m—M,)°/T%)
L 2200 Q80
3 200:}- ALICE Pb-Pb UPC sy, =5.02 TeV s ALICE Pb-Pb UPC |, = 5.02 TeV
o H 70
S 180 —— ALICE data Q o
g 160:—"' Signal g 60: —I— Opposite-sign pairs
% 140; \ Background % 50i —|— Like-sign pairs
3 r A C
3 1201 + Significance: 5.8 o 3 40; 16GeV/c2<m<19 GeV/c?
100 L p,<0.2GeVic E +} lv| <0.8
go— 1 | <08 s0F-
0. * 200 +
40; l.-\‘l + + g .I. _I_'I' 'I' _I_ _I_
20— + N 10; -|- '|' 1:+ :|:+:|: :|:|
:\ L1 ‘ L1 ‘ L1l ‘ | | ‘ | | | | | ‘7 Ll I-'\T?_\ﬁ_\_._l 7\ \_F—' L + +
92743 14 15 16 17 18 19 20 21 22 85" 0 i L ;2 . ;3 o4+'h 0.5 :I:O'hﬁ 0"7‘ 0.8 (ﬁ#HTo
2
m (GeVier) ALICE: JHEP 06 (2020) 035 P (GeVie)
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ALICE in Run 3 + 4 (2022 - 2032%)

fFoCal upgrade
before Run 4

o

1
-

T LIL S R ISR TS ST (1Y

ALICE 2 vs ALICE 3

FDD-C
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ACORDE | ALICE Cosmic Rays Detector o
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©00000

ITS-IB | Inner Tracking System - Inner Barrel
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ITS-OB | Inner Tracking System - Outer Barrel

MCH | Muon Tracking Chambers
MFT | Muon Forward Tracker

MID | Muon identifier

PHOS / CPV | Photon Spectrometer

TOF | Time Of Flight
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L L " 1 "
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TPC | Time Projection Chamber

TRD | Transition Radiation Detector
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ALICE 3 detector in Run 5 (2035 - 2038)
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magnet system
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ALICE in future runs (3, 4 and beyond)

10—
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Summary

Nuclear gluon structure probed with p°, J/w and y(2S) at
— Measurements signal large nuclear gluon shadowing effects
Spp, ~0.65 at x; ~103 or Sy, ~0.5at x; ~ 107

— No model currently describes the rapidity dependence
= Models with shadowing or saturation describe data best at low x;
= Subnucleon fluctuations are important

Proton gluon structure probed with J/y at x; ~ 102— 107
— No saturation visible at low x; ~ 107

— More data needed (and more precise) to discriminate between
models

Photoproduction measured towards more central collisions
Resonance-like structure found at dipion mass of 1.7 GeV

We are limited by statistics and looking forward for Run 3 and
beyond results
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Comparison LHCb/ALICE — Pb-Pb @ 5 TeV
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Articles

Coherent J/Y photoproduction in ultra-peripheral Pb—Pb collisions at Vsy, = 2.76 TeV, Phys. Lett. B718 (2013) 1273.

Charmonium and e + e - pair photoproduction at mid-rapidity in ultra-peripheral Pb—Pb collisions at Vs, = 2.76 TeV, Eur.
Phys. J. C73, 2617 (2013).

Exclusive J/y photoproduction off protons in ultra-peripheral p-Pb collisions at \/SNN =5.02TeV, Phys. Rev. Lett. 113 (2014)
232504.

Coherent J/y photoproduction at forward rapidity in ultra-peripheral Pb-Pb collisions at Vs, = 5.02 TeV, Phys.Lett. B798
(2019) 134926.

Coherent J/Y and Y’ photoproduction at midrapidity in ultra-peripheral Pb-Pb collisions at Vsy, = 5.02 TeV, Eur. Phys. J. C
81 (2021) 712.

First measurement of the |t|-dependence of coherent J/{ photonuclear production, PLB 817 (2021) 136280.

Energy dependence of exclusive J/{ photoproduction off protons in ultra-peripheral p-Pb collisions at Vs, = 5.02 TeV, Eur.
Phys. J. C(2019) 79: 402.

Photoproduction of low-p; J/y from peripheral to central Pb-Pb collisons at 5.02 TeV, arXiv:2204.10684 (2022).
Coherent photoproduction of p° vector mesons in ultra-peripheral Pb-Pb collisions at Vs, = 5.02 TeV, JHEP 06 (2020) 035.

First measurement of coherent p°® photoproduction in ultra-peripheral Xe-Xe collisions at Vs, = 5.44 TeV, Phys. Lett. B 820
(2021) 136481.

Coherent J/U photoproduction in ultra-peripheral PbPb collisions at Vs,,=2.76 TeV with the CMS experiment, Physics
Letters B772 (2017) 489-511.

Measurement of exclusive Y photoproduction from protons in pPb collisions at Vsy, = 5.02 TeV, Eur. Phys. J. C (2019)
79:277.

Measurement of exclusive p(770)° photoproduction in ultraperipheral pPb collisions at \/sNN =5.02 TeV, Eur. Phys. J. C79,
702 (2019).

Updated measurements of exclusive J/y and y(2S) production cross-sections in pp collisions at Vs =7 TeV, J. Phys. G 41
(2014) 055002.

Measurement of the exclusive Y production cross-section in pp collisions at Vs = 7 TeV and 8TeV, JHEP 09 (2015) 084.
Central exclusive production of J/y and y(2S) mesons in pp collisions at \s = 13 TeV, JHEP 10 (2018) 167.

Study of coherent J/y production in lead-lead collisions at \/SNN = 5TeV, arXiv:2107.03223v1 [hep-ex] (2021).

Study of the coherent charmonium production in ultra-peripheral lead-lead collisions, arXiv:2206.08221 [hep-ex] (2022).
J/y photo-production in Pb-Pb peripheral collisions at \/sNN = 5TeV, Phys. Rev. C105 (2022) L032201.



VM cross section

coh coh
. ileu - ; ,
d} EVM X Efem P X EEE%D x BR x -%ﬁnt X *ﬂ}
N}-]E]d

" Njeg —J/y or y’ raw yield,

= g,y - reconstruction efficiency

= f,—incoherent contamination fraction

= f,—feed down contamination fraction

= L., —integrated luminosity

= Ay —rapidity interval

= BR - branching ratio of the Decay

m gpileupr  — pileup veto efficiency

= gEMD  —electromagnetic dissociation veto efficiency

veto
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o Models
Black disk limit:

— Frankfurt, Strikman, Zhalov, Phys. Lett. B537 (2002) 51-61.
— total cross section of the interaction is equal to 2m 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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Models
Impulse approximation:

— Exclusive photoproduction off protons, neglects all nuclear effects but coherence.
— Based on STARIight.
EPS09 LO:
— GKZ model with parameterization of nuclear shadowing data.
— Eskola, Paukkunen, Salgado, JHEP 04 (2009) 065.

— GKZ model based on Leading Twist Approximation of nuclear shadowing.
— Frankfurt, Guzey, Strikman, Phys. Rept. 512 (2012) 255-393.

IIM BG, IPsat, BGK-I:

do/dy (mb)
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— Color dipole approach coupled to the Color Glass Condensate (CGC) formalism with different assumptions

on the dipole-proton scattering amplitude.

— 1IM BG: Goncalves, Moreira, Navarra, Phys. Rev. C 90 (2014) 015203; dos Santos, Machado, J. Phys. G 42

no. 10, (2015) 105001. (saturation)

— IPsat: Lappi, Mantysaari, Phys. Rev. C 83 (2011) 065202; Lappi, Mantysaari, Phys. Rev. C 87 (2013) 032201.

(saturation)
— BGK-I: A. tuszczak, Schafer, 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.
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