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Outline

= |ntroduction

" Mesurements > %

ALICE
— Coherent and incoherent J/\y photoproduction in Pb-Pb

— Coherent y(2S) photoproduction in Pb-Pb

— Exclusive and dissociative J/\ photoproduction in p-Pb
and pp

— Y(nS) (n=1,2,3) photoproduction in pp and p-Pb

= Summary
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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 ~ 72 (Z,, = 82)

"= large y-induced interaction cross section

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

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

2024-01-9

Momentum scale Q2~ M, 2 / 4

— Hard scale assured by high mass of ]/, v/,
Y(nS) meson

— Semi-hard scale for p® meson
Vector Meson (VM) guantum numbers:
— =1
Bjorken-x: fraction of longitudinal momentum

of proton
My

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

> There are new NLO calculations
Photon-target centre-of-mass energy
Wpy, = 2Epp yMyye™”
4-momentum transfer t

— Gluon distribution in the transverse plane
| tl ~ pTZ

oty

Xp =
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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?
VEanw =5.02 TeV p - ~ |Tm. (M) 2
He =g =2.37 GeV / \\\‘ ________ |Re(M)|2
| |
I a |
1~ S
I ;‘:’,.' k\\.\. I
A |k
. I : _
T T A T T T T T T T T
-6 | -1 -2 0 2 1 6
I Y I
| |
NLO with ﬁPPSIG . —_ !“ull |2
Vsyn =5.02TeV ) d . nly Gluons
MHe=Lp =2 ,57 GeV \\\ --------- bnly Quarks
1 A — lnterference
| |
| |
| _ . |
I o ’ ™, . I
s N
I | e
L |/
‘”l‘ _ |
l |
T — 1 T T 1 T T T " T T T T T T T T T T 1
—6 ] -4 -2 0 2 1 1 6
| Y. | |
, Current experimental range |
| < > |
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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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Photoproduction types

Coherent Vector Meson (VM) photoproduction:
= Photon couples coherently to all nucleons (whole nucleus)
» <p."M>~1/R,, ~50 MeV/c
= Target ion stays intact Aconerent
Incoherent VM photoproduction:
= Photon couples to a single nucleon
= <p'M>~1/R,~ 400 MeV/c
= Target ion breaks, nucleon stays intact A
= Usually accompanied by neutron emission

Exclusive VM photoproduction on target proton:

Incoherent

Pb Pb
= Photon couples to a single proton e Sl §
= <p;'M>~1/R,~ 400 MeV/c ' %TH_
* Target proton stays intact (similar to coherent) in p-Pb case J . LS
Dissociative (or semiexclusive) VM photoproduction: cur. Phys. J.C (2019) 78277
— Photon interacts with a single nucleon and excites it P P
— <p. V>~ 1 GeV/c TR by

— Target nucleon and ion break (in heavy ion collision)
— Target proton breaks (in p-Pb) A ——



Motivation

= Where is gluon saturation?

— Saturation scale enhanced for nuclei by factor AY/3: (Q*)? ~ cQ,? [A/x]*/3

* Coherent vector meson (p°, J/y, y(2S),Y(nS)) photoproduction particularly

sensitive to the gluon shadowing
— Nuclear gluon shadowing factor RA(x,Q%)=g,(x,Q%)/Ag,(x,Q%) < 1
— Saturation may contribute to nuclear shadowing
— Search for saturation at low x,

= How well do we model photon flux?
= Constrain parameters of models

= pQCD test
e = 1y 0 - TN Eskola et all: Eur. Phys. J. C 82 (2022) 413
‘ Accardiet, al.: Eur.Phys.J.A 52 (Z016) 9, 268 , C\]> 1‘6 - |||l|||| T IIIIII| T ””“| T
: QLY g B I
L e HERA saturation () 1.4 = 1 NUCLEUS
10~ __ Q2 = 10 GeV? region % O | I
(@) | 1 :
— (.Q ].-2 | ? | 1
Q : =1
b x S — 1.0 -
F : — H B é 11
2 = 2 o~ 0.8 - : :
o1} I = Q i I
F ‘-,I > -g - 0.6 11
L —— HERAPDF1.0 E f BFKL \_E:/ O 4 1 :
102 - experimental uncertainty 9_ o] : |
|:| model uncertainty L:':I S M ETL 0 2 --I"'l"‘
I:l parametrization uncertainty ‘, c 2V ::::::::;_.- 3
09l i . . N5 i -
10 103 102 107 1 A2 In Q2 /\ ) 4 3 9 1
Qcb - X } -
X O ~ 1 Og < 1 10 10~ 10~ 10

S .
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Motivation for t-dependent measurements

* Gluon density is impact parameter b —
dependent at given Bjorken-x and Q? [
= b and p; are Fourier conjugates —1 | |- P’

» p2~ |t| - dependence of the cross

section helps to constrain transverse
gluonic structure at low x, ///
" |n Good — Walker approach — ¥

— Coherent photoproduction tells about
transverse dependence of the gluon
shadowing

= Saturation may contribute to nuclear shadowing

— Incoherent photoproduction is sensitive to
the variance of the spatial gluon
distribution (subnucleonic fluctuations)

inc R.,2 . B
4o = 1L (1A% BIP)-(ACxQ2E)?)

)

Total Coherent
2024-01-9 Adam Matyja - Exclusive quarkonia production - Aussois 8




Motivation — cont.

Mantysaari, Schenke, PLB 772 (2017) 832

Ph+ Ph — J/¥ + Pb+ Pb, /5 = 5.02TeV,y = 0
103 : : : : : : Lt
= Geometric and ¢}, fluctuations in the nucleons 1.0
=== Mo subnucleon fluctuations —
1021 :i 0
a- Incoherent o
Z
SRl - | i
;‘g 100} E— 1l
) .
R E o}
10-2E . . . . . : -
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
t] [GeV7] 0 1 =1 B 1 0.4
= Variations in nucleon positions and/or gluonic z[fm] z[fm]
hOt SpOtS S quantum fluctuations Event by event fluctuations of proton density profile
= larger |t| range — scatter of smaller object H. Mantysaari, B. Schenke, PRD 94 (2016) 034042,
. e L. J. Cepila, et al., PLB 766, 186 (2017),
= Coherent vs. Incoherent vs. Dissociative J/y 00 0m205 (00
— Access to different scales: nucleus, nucleon,

hot spots
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)/ in Pb-Pb at Vs =5Tev ()

CMS Pb-Pb 1.52 nb™ (5.02 TeV) oy ALICE
o L ALICE Pb+Pb — Pb+Pb+J/y SNN-5O2 TeV
Pb + Pb — Pb + Pb + Jhy AnAn E
6 - ] > 1ol O] ALICEcoherenFJ/u{
—s— CMS % - --- gr_wl%uFI(sLelgagrroxwmanon
—_ & ALICE 2019 o © - —eeswloekn
= LU ALICE 2021 C’N\ o ALICE O T e P N
— . ¢ || — = IPsa LT
> 4 7# LHCb 2022 .- T e~ Q1T i g —- gGKt-l(l(_EAs)) "R 2=0.642
go) e TR - ----GGHS(CCK) . g .
- < A a_,ﬂ. < > - —-bBK(BOCM) -
= A R = S (6L . St 6
o DY ket YT :
© Z2r - Sl - LTA SS CD_BGK L
e —— LTA WS CD_GBW -
? o - STARLight CD_IIM ol
é ) L ! ! ] ,:— ‘‘‘‘‘
*° -4 -3 —2 a 0 f,\ llllll L | | |
y 04 3 2 i 0 1
. y
* Forward region (ALICE, CMS, LHCb): J/y — puuw , .
) P — Wide rapidity range
= Central region (ALICE): J/y — utw, et e, pp
= Nucl | hadowine fact ALICE: EPJ C 81 (2021) 712
uciear gluon shaaowing factor LHCb: JHEP 07 (2022) 117, JHEP 06 (2023) 146
— R,=0.64+0.04 for 0.3 x 103< xz< 1.4 x 103 CMS: PRL 131 (2023) 262301

= Compatibility between ALICE, LHCb* and CMS results, but ... tensions are visible

= 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
2024-01-9 Adam Matyja - Exclusive quarkonia production - Aussois 10



Rapidity dependance: Ambiguity problem

= Two sources = two values of x;

ALICE: EPJ C 81 (2021) 712

dGAA AA,]/‘([) g 14— ALICE Pb+Pb — Pb+Pb+J/y |5y, = 5.02 TeV
2y = Non)opa(on) + Nop)oya(ep) 2, o e
P Hioh hot o © [ - STARLIGHT
I ener oton T | —— EPS09LO (GKZ)
g gy P . MVM +y 10F— === LTA (GKZ) CaammmmTmmel N
Wyq1 = e = = IMBG (GM)
2 | — = IPsat (LM)
gl— — - BGK-I (LS) :
L - --- GG-HS (CCK)
- —-bBK(ECCM) -

Detector N

//’u\& 1 MZVM ;

Xp = L

Pb Pb wyl,yZ 2\/ SNN [
o Low energy photon Pb

L ~1.1x -5
2 1:5% %3~ 1.1 <10 50 % each xg ~ 1073
Jhy 5 2: 95%XB~3.3 x 1072
etector
1: 40 % Xg ~ 5.1 x 10
_Myy _, 2: 60 % x5 ~ 0.7 x 1072
2

Pb Pb

Contreras, PRC 96, 015203 (2017)

2024-01-9
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Solving the ambiguity problem

do /
AAd:;A 1/ — N(wyl)o'yA(a)yl) + N((l)yz)o-yA 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!

2024-01-9 Adam Matyja - Exclusive quarkonia production - Aussois 12



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

ONON ONXN XNXN
dopppp — A0ppPD 4+ 299pPbPb 4+ 49PbPb

dy dy dy dy
dopppp’ VOV
dy =| N (“)ﬂ' +) OyPb (‘“yl' +y) +NOVON (wyz, —Y)prb (“)VZ' ~y)
dO'PbP:;NXN _ NONXN(O)yl, +y] Ube(wy1;+y) + NONXN(wyz,—y)prb(wyz,—y)
measured theory extracted

= Simulataneously uses UPC and peripheral classes
— Contreras, PRC96 (2017) 015203

d p

Gliz—;b = N"(@y1, +¥)oypp(wy1,+7) + N°(@y2, =¥) oy pp (@y2, =)
d U

GPZ—;b = N"(wy1,+y)oyps(0y1, +y) + NV (@y2, =¥)ypp(@y2, =)
2024-01-9
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Coherent J/y in non UPC Pb-Pb

VHEY

* Low p; (< 0.3 GeV/c) and R,, excess (24c for
the peripheral class) explained by 3 ot ' EE
photoproduction in peripheral collisions S g SO ELy
: - ‘i 2 E L e jo
* Hadroproduction dominates in higher p; 3 160F 30°m,, =32Gevic ER]
. - g
intervals = W, Loz 32
= Good description of R,, by model (W. Shi et 00p #-Du =
. . . i — : - N
al.) with medium effects + photoproduction. 80F Jﬁ p:lmz_ii;:d ELS)
QGP effects also considered oE 15
. " anN
= Both forward and central region Photo- : ‘ a8
: . - 2 L E
= |sis the same for other VMs? production | o 10 15 20
Centrality (70-90%) (50-70%) (30-50%) (10-30%) (0-10%) hl(p ME‘V‘ ]}
P 1 L L LA [~ 10
s |[X'WE ] = < LB B T 7 T
T %6 - ALICE, Pb-Pb |s, = 5.02 TeV 18R E | ALICE Preliminary Pb—Pb,.\.sNNz 5.02 TeV i
RE Qﬂ i Jy - uu,25<y<4 i S 2 8 - glir;g?gtitsl?r_lzgnf;in 1 9.2% -
;E i v W, . y ] ? E i yst. ty:9.2% ]
v p. <03 GeV/c I Data [ ]Model NI _8.'_ . o Jiy - e, [y| < 0.9 i
”<: i 0.3<p <1GeV/ic | Data [[JModel i § fﬂg > or - Upper fmit 86+% C.L ]
o | 1<p_<2GeVic I Data []Model 4 B i W, Zhaetal .
% 4 — Phys. Rev. C99 (2019) 061901 —
% A ) )
> [ j
N 2f + .
IS A ~ )
\ O-I,,,,.,,... T !
B . 0 0.05 0.1 0.15 0.2
0 50 100 150 200 250 300 35(2 4>00 w pT (GeV/c)
W. Shi et al., Phys. Lett. B 777 (2018) 399- 405
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No breakup (OnOn) .

e

Pb

e

Pb

Single breakup (XnOn + OnXn)

e

Pb

=

Pb

Double breakup (XnXn)

=

Pb

N

Pb

Impact parameter dependence

Excitation of the nuclei possible through the

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

Y )= Knocks out neutrons

2024-01-9

Pb
> 0
] TTT] T T T T T T 11T g Z
F . — | c 5
Ph | x_ﬁl | ZRA _ o3
| ~
- y 2T
\! ’ z £
3 \ 52
“ ﬂ,.. I — g
Pb* + X a 05 "-. STARLiGHT . 5 X
(I 2 «Q
1 LHC beam energy +
LAY —— Ondn v
j : __.‘:__ —— ¥nln =
BT — XnXn S
[ LN =
%k I | 1 [ e SO O I [ N | >
Pb* +X | 10 ! 10° lig o)
N
b (fm) @
. e N
UPC event clasifier: OnOn, OnXn, XnXn S
o

Pb* + X — via electromagnetic dissociation (EMD)
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Neutron emission in UPC

CMS

ﬂl,.IQE

e UPC **Pb-20%pPb, \"S—NN =5.02 TeV
e ALICE :
RELDIS
........ nn -

ALICE: PRC 107 (2023) 064902
1 I I 1 I 1 1 1 1 L

3 10° )
- — Data g
o — Fit, In—6n S 10%
%104 == Fit, 1In © E
2 "
= L
8 -
10° I
ALICE :
] Pb—Pb 1(3_,,”:5_[12 TeV 10
' No signal in ZEMs -
§] 3 10 12 14
Ene (TeV)
7N G (in) o RELDIS () G0 ( (in)
(b) (b) (b)
In 108.4+0.1+£3.7 108.0£5.4 | 103.7+£2.1
2n | 25.0£0.1+£1.3 259+1.3 23.6+£0.5
3n TJOS+=004+023 | 11.4+£0.6 6.3+0.1
4n | 5.654+£0.03+033 | 7.84+04 4.8+0.1
S5n 4544+0.03£044 | 6,303 4.7 0.1
In-5n| 151.5+0.24+4.6 [59.8+5.6 143.1+£2.2

ALICE: PRC 107 (2023) 064902;
2024-01-9

CMS:PRL 127, 122001 (2021)

Adam Matyja - Exclusive quarkonia production - Aussois 16

1 2 3 4 5 6 7 8 9

= |tis huge!
= Upto5 neutrons

= Hadronic cross section
Ohag = 7.67£0.24 b

= 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

Corrected for:

Event migration
among classes

Neutrons from pile-
up

Charged particle
production from

dissociation of
either nuclei

ALICE: JHEP 10 (2023) 119
CMS: PRL 131 (2023) 262301

g 8— ALICE Pb-Pb \ sMN 5.02 TeV E [ ALICE Pb-Pb .,sTlN 5.02 TeV
g E ALICE On0 C ALICE OnXn+Xn0
»‘? e ! - Impulse gpgronmatlon o 2.0_—-+ Impulse gpgz)’(?mgt'on o
L= = STARIight - STARlight ’
6;_E$§09 0] L —E%\SUQ 0]
5F . GG-HS 1.5 GG-HS u
E _-b-BK-A P Cb-BK-A e
4 . L
- i o 1.0—
25_ ,;_—i-—_';f_’-.—".—.'; e 0.5 ’,-"; _
1?/ "./"’ .
e m e L s S = R
Yy ¥y ||
g 1o ALICE Pb—Pb |5, = 5.02 TeV £ 1.0 ALICE PbPb 5y = 5.02 TeV
L ALICEX 0 g F ALICEX X
::g 1.0: + 1}))t\ug‘s‘,l%zglpSroxlmanon e go_g__ ¢ &ulilisl’% gpgronmatlon o
C —E%\SOQ LO C —E?EOQ LO
08 Ga-Hs 06 —GGHS
r--b-BKA L —-b-BK-A
0.6_— C ST T T T
co T 0.4+ S e
0.4F AU N—————— i E s TR St
E : 02__ ,:+’:1 e —:l?n‘:ﬁ%“:l_
02_— L ",...-.--'/'.' it -
00:'7"'.__"_1%_. - ol 00:.'-".':"]?%.. Ll L | L |
' 0 1 R -3 -2 -1 0 1
Yy y
CMS Pb-Pb 1.52 nb " (5.02 TeV) . .
CeboPb o PoaPba Ty f = 0OnOn class has the largest statistics,
e ] XnXn — the lowest one
=) SRR e
E b Bl _ = Complementary measurements from
> P e——
5 S CMS and ALICE
= ]
8ol ntn o ke = Sensitivity to test theoretical models
E -me- e —-e- LTASS
T e " Good test of photon fluxes

| 1
4 3

1 |
_2 1
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Energy dependence of coherent J/y

1072 107° 1074

Bjorken-x
10°°

\
[

-

e

Lo

\

10°
W gy, (GeV)

Rl
= ~ ¢ ALICE, Pb-Pb ys,, = 5.02 TeV (arXiv:2305.19060)
g B ¢ CMS, Pb-Pb |s,, = 5.02 TeV (arXiv:2303.16984)
= ~ i Guzey et al., using ALICE Pb—Pb |s, = 2.76 TeV (PLB 726 (2013) 290-295)
© B , Contreras, using ALICE Pb—Pb s, = 2.76 TeV (PRC 96 (2017) 015203) _ . -~
~ == Impulse approximation -7
5 --- STARIlight PP
10°= —EPSs09LO _
- --LTA T e
. ----GG-HS
-~ -..-b-BK-A
10 - —
i’f ! ! ! ! Lo !
20 30 4050 10° 2x10?
= Rise atlow W, ,~ 15 GeV — ~ 40 GeV
= consistent with fast-growing gluon densities toward
lower x;
= Flattish trend from W, ~ 40 GeV — ~ 800 GeV

2024-01-9
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ALICE

First measurement of
the energy dependence
of the photonuclear
cross section down to
Xg ~ 107

Or very wide energy
range (20 - 800 GeV)

Consistency between
two methods: Run 1
with peripheral
collisions and Run 2
data with neutron
emission classes

Good agreement
between LHC
experiments: CIVIS and
ALICE

Both saturation and
shadowing models are
favored at low-x,

ALICE: JHEP 10 (2023) 119

CMS: PRL 131 (2023) 262301
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Nuclear suppression factor of coh. J/wg

Bjorken-x
1072 107 1074 10°7°

& 2 [T T I [ ‘ TTT T 1T 1 [ [ | TTT T T 1 I ‘ ITT T 1T 1 [ | 1 [}
¢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 —]
— == STARlIlight ----GG-HS -
120 —EPs09LO ~ = b-BK-A =
10— - —
0.8— —
0.6— S -
04"  Spy~0.95 '%ﬂm{b =
- Spp ~ 0.65 =
0 - | | | | | I \ | [ \ .

20 30 4050 10° 2x10° 10°
VVman(GeV)
— OyPb
Spb - Gl}q/be
No model describes the whole
energy/Bjorken-x range!
2024-01-9 Adam Matyja - Exclusive quarkonia production - Aussois

ALICE

First measurement of
the nuclear
suppression factor
downtox;~1.1x 107

Additional uncertainty
from impulse
approximation

Low energy (high x;):

— Impulse
approximation

— STARIlight
— Sy ~0.95
High energy (low x;):

— data favours both
saturation (b-BK-A,
GG-HS) and

(LTA)
models

ALICE: JHEP 10 (2023) 119
CMS: PRL 131 (2023) 262301
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—_

do/dy (mb

(2S) in Pb- Pb at NSy =

5.02 TeV ®

s

ALICE: y(2S) —» ptuntn, eten'm, More dat — ALICE
P T T T 1 1 T 1 1 T 1 1 T T ]
LHCb: y(2S) — ptw oredata =~ b~ LHCD: JHEP 06 (2023) 146 -
. points needed! = TF /N ]
Nuclear gluon shadowing factor o b/ \ IL'HEC]] - —
. B *bPb /Eny = 5.02 Te ]
— Rg =0.66 £ 0.06 for 0.3 x 103< Xg < 1.4 x 103 } 6.0 [ !f * \\\ ("-]]]-.'T-.}:I. (25 production ]
— Consistent with J/\If result = 4.5 ; ff £ \\ ‘|_).1.1::[:1]%1:{1:;;LL‘-1'..:'.JII]C'. > A -
] . * -J __ - - - __
Good agreement of models with shadowing (EPSO9 LO, = [/ 4%, +‘\ i
LTA, Guzey et al.) 3.0 _—‘;' N\ ‘\\ -
Good agreement of ALICE data with model BCCM (with =l W\ i
. ."‘\_I XS] 3 —
saturation) g E:i'j ) \\ .
. B / ]
~] 1 L L 1 1 1 1 L
Other models over/under-predict ALICE/LHCb data T 00 5‘0 - l{J” - lm “""*‘-*m-[} ' =
. A . L) .
First measurement of J/y and y(2S) p; spectra @ LHCb ph [GeV/d]
30: ALlCE Pb+Pb - Pb+Pb+\|I' \I“TNN = 502 TeV ]_.5 1 1 1 1 | 1 1 1 1 | 1 1 I 1 | 1 1 I 1 1 I 1 1 L] [j.l'l.te'l.
= . BLat. unc.
- [ ALICE coherent ' [ syst. une.
2.5 -~ Impulse approximation LHCb ] —;"If-i[];ﬂ(c;]n
- - STARLIGHT — Il e PbPD (/8xy = 5.02 TeV 1 Lo paep (cKsz):
20— EPS09 LO (GKZ) = — H'\\ Coherent 1(2S) production | ™ Elg'i;h -
== LTA (GKZ) — 1.0} . Luminosity une. : 4.4% — -"'_'El,iﬁ“?_ll_c
- ----GG-HS (CCK) e % S [ S
- —-bBK(ECCM) = ] oy R
o R, % =0.662 = | =Sorm
B -:E'; H Colour-dipole:
b = 0.5 _ | —=—nvooc+Be (oMMNS)
. = W —— bOECHELE (GMMNS)
C = 1 —— IPsAT+BG (OMMNS)
: < | e s
" ] e e
e ] No fluct. +GELO (MSL)
7_‘,.—-’ | | | | U . {] [RTIRN N A NN SRR NN NN ST N N SR N By - GEH’I{+E'I (KKNF)
0.0 -3 -2 1 0 1 0 1 2 3 4 D o KSTET (KENP)
ALICE: Eur. Phys. J. C 81 (2021) 712 VY LHCb: JHEP 06 (2023) 146 g e
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G Coherent J/y

ALICE ALICE: PLB 817 (2021) 136280

- Itl dependenge Of coherqnt J/\V .% 10% ALICE Pb+Pb — Pb+Pb+J/y |5, = 5.02 TeV =
photoproduction is sensitive to the 5 e L pCReoreren . 08
3 3 o . L \'\.\ xperlmema uncorrelate syst.+sat. |
gluon distribution in the transverse = Experimental correlated sy, ]
pla ne ; h \'\\\.\ UPC to YPb model uncertainty
. . . ) = e i
= HERA-like precision achieved % SN
. . ) - \\\.\_\ _
=  Bayesian and SVD unfolding used to © e,
transform p;2 — |t| e N |
= Transition from UPC to photonuclear - NN .
H L — STARlight (Pb form factor) \\ L -
Czroizhse(:tlon — —-— LTA (nuclear shadowing) S0 . .
- — - b-BK (gluon saturation) ; I
d oy _ -~ doyep B _
2 = 2Nypp (Y = 0) — N
dydp? d|t] . . . LN Y N\
—_ ) .
y=0 T o ® o STARIight/ Data_|
= Comparison to models: ~ 15 . . ) ’ tT;;fD;‘j
[4b] a] o v ata
— STARlight does not have shadowing, 8 &% ° ~# % _ e
so does not describe shape nor 0 0.002 0.004 0.006 0.008 0.01 , 0:912
. t| (GeV? c?)
magnitude
— LTA contains nuclear shadowing — LTA (shadowing): PRC 95 (2) (2017) 025204;
agrees with data - vector dominance model (VDM) based on perturbative
. Leading Twist Approximation (LTA) of nuclear shadowing.
— b-BK based on gluon saturation — b-BK (saturation): arXiv:2006.12980 [hep-ph];
agrees With data - impact parameter dependent BK computation.
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s

J/v photoproduction is sensitive to

the variance of the gluon
distribution in the transverse plane

First measurement which probes
fluctuations of the 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 (hot

spots in MS-hs, fluctuations MISS-fl
and dissociation in GSZ el+dis)

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.

2024-01-9

do y/dit] (mb GeV?)

Model / Data

Incoherent J/y

ALIC
. ftldependence of the incoherent

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

ALICE, Pb—Pb UPC s, = 5.02 TeV
ALICE incoherent J/y, |y] < 0.8
o —4- Uncorrelated stat. + syst.
Correlated syst.
1072 N S Nt
: ",. \ .’. s
-‘ . ) 1 ‘q .. - -
- : \\ "‘N“ T ------
- L ~ LSLIN
- ~ N,
; . N2
- &= MShs R,
-=.. MS-p O~ \.‘
1078~ —¢— MSSHi A DR
- --#- MSS ", ""“--......_
[ —e - GSZ-el+diss e,
_ ..e- GSZel e,
_ L ! ! A | L
2.0 .
O
1.5 . W o
1.0 3& ----- S ¥ -
051 ¢ ¢ 0 8
0 0 L 1 I | 1 1 1 1 1 L L & | I | 1 I
' 0.2 0.4 0.6 0.8 1.0 1.2
lt] (GeV?)
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Photonuclear J/\y cross section

ALICE

sty

* 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: PRD 108, 112004 (2023), (2304.12403)

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

LHCb: pp at Vs =7 and 13 TeV

= Power law fit o~ W, °
H1 data: 6=0.67 £0.03
data: 6=0.7 £0.04
= agreement LHC and HERA
—> agreement and LHCb
= Models show agreement

— JMRT NLO: based on DGLAP
evolution with dominant NLO
contribution

* validtox;~2x10?°

— CCT: Saturation in the energy
dependent hot spot model

" Probe wide region x; ~ 102 - 10®

o(y+p — J/y+p) (nb)

p-Pb 5.02TeV: Phys. Rev. Lett. 113 (2014)

232504.

LHCb pp 7TeV: J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002;

LH

10°F

Cb pp 13TeV: JHEP 10 (2018) 167 Bjorken-x
10~ 1072 10°° 107 10°
IIIIIII L T IIIIIII L] L] IIIIIII L T IIIIIII L] L] IIIIIII L
| o ALICE p-Pb s, = 8.16 TeV _
ALICE p-Pb {5y = 5.02 TeV ]
- o LHCbpp Vs=7TeVand 13 TeV (W+ solutions) nﬁ:aﬁﬁﬁf‘l 7
: o LHCbpp Vs=7TeVand 13 TeV (W- solutions) sy cig.@:4 |
+  Fixed target (E401, E516, E687) _¢.¢'¢£*ﬂ'
T A LHCb ]
v ZEUS W;FI/ (W+ solution)
F ALICE WW
- |
- VQ e JMRT NLO
LHCb —— CCT
+% (W- solution) Power-law fit to ALICE data
I 1 1 11 I 1 11 I 1
10 20 30 40 102 2x10° 100 2x10°
W, (GeV)

No clear indication of gluon saturation at low xg
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Dissociative J/y in p-Pb at \/SNN = 8.16 TeV®

. "~ ALICE
Bjorken-x Bjorken-x
1072 107 10 107° 1072 107° 107 107°
g 1 1 IIIIIII I 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 AX,_\E 1 I IIIIIII I I IIIIIII I 1 IIII_;II I 1 IIIIIII I-
= o2k ALICE: PRD 108, 112004 (2023) 1 16 xg~(0.5,2) x 10 .
ST \;::)3; [
: 2|1 1.4F .
= IL CTL < ¢ ALICE p-Pb |s\, =8.16 TeV |
2 ;‘é‘l oL ! e Hi ]
Q ele ¢ e MS ]
= f —CCT ]
| :
¢ ALICE p-Pb {5y, =8.16 TeV - osF | T .
oA 0.6F .
—cCT LN T _
| | 0.4F ALICE: PRD 108, 112004 (2023) T .
20 30 40 102 2x10° 10° 20 30 40 10°  2x10° 10°
W., (GeV) W., (GeV)
*  First measurement of the energy dependent
dissociative J/y cross section at the LHC H1: EPJ 73 (2013) 2466.
_ CCT: PLB 766 (2017) 186;
= Agreement with HERA results - colour dipole + energy
. . . dependent hot spot model.
= CCT model with saturation agrees with data MS: PRD 98 (2018) 034013;
. . ~ . - perturbative JIMWLK +
— Predicted maximum at W, ; ~ 500 GeV to be studied constrains from fits to H1 data.
in Run 3
|

MS model with saturation to be studied in Run 3



Y(nS) - p
Cross section measured in central (CMS) and

Y(nS) in p-Pb and pp

forward (LHCb) region

NLO calculations favored by LHCb data
Saturation models consistent with CMS and LHCb
Fitto CMS: 0=1.08 £ 0.42

— Consistent with ZEUS: 6 =1.2+0.8
— Consistent with ZEUS+H1+CMS: 6 =0.99 + 0.27

=Y i
=
Li

Differential cross-section (pb)
Lk

Fit to HERA+CMS+LHCb: 6 =0.77 £ 0.14
= Consistent with J/y data

New klnematlc reglon Xz ~ 10— 102 probed
60

=

——
-
L

]
=

—
o

LHCh
(a)

|5

4+ Ti{15) data
L (TTeV)

— L0 (8TeV)
NLO{TTeV)

— MNLO ($TeV) |

Cyp o y(is)p (pb)

10*

10°

2]
=
77

s,

pr 32.6 nb™ (5.02 TeV)

— =1
E==

JMRT-LO
JMRT-NLO

N
wn
AN UL LAARRRRARERAL)

-
.

'—[ Ill‘]lf‘; lllll

i

CMS: EPJ C79 (2019) 277

thaovaonlbar o beraa

2 1.5 -1

-0.5

S~
S

bovawabaonaonbovonliaonelaa
0 0.5 1 1:5 2

<

I T TTTTTH

—— ZEUSZUDQ[B-D}
—&—— ZEUS 1998 (e-p)
—— H1 2000 (e-p)
———— LHCb{p-p, 7,8 TeV)

— 88— CMS ipPb, 5.02 TeV)

pPb 32.6 nb™ (5.02 TeV)

\

— IIM-BG
— lIM-LCG

10? CMS --+ bCGC-BG _
[ ]JMRT-LO 3
——— [ JMRT-NLO .
+ :ﬁ | - — FitCMS: 5=1.08:042 _|
| — FitHERA+CMS+LHCb: |
0 LHCb: JHEP 09 (2015) 084 CMS: EPJ C79 (2019) 277 5=0.7720.14
{] '| 2 ',5 4 5 | 1 |2 | | | | | L1 |3 |
T(15) rapidity 10 10 W, (GeV)
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Future measurements in Run 3 and 4

= Address gluon shadowing in nuclei at low x,
= Constrain gluon distribution in transverse plane
= Allow for scale dependence of gluon shadowing studies with different meson species
TTTTT L B R T T  — n‘:a LN DL L L LR LA DL DL DL
[ ALICE Simulation, Pb + Pb — Pb + Pb + V By > o5l ALICE Performance ]
iy VSuu=55TeV, L =13 b’ /] = ; RUN 3 Pt Beam
0_8; %200 - M‘} 12022 ~ 140 mb1
- i .ol ' _umesar 1 A.Khatun @ UPC 2023:
5306‘— PR T e e s Lo e L ] H‘ ﬁﬂ - Like-sign 1 International workshop
100F (. 1 on the physics of Ultra
04r | CMSY(1S)pseudodata - ,#{@pm w 1 Peripheral Collisions,
i —— EPS09LO, Q=m, /2 | ALICE Y(1S) pseudodata | 5ok 'Hpjiﬁ ' #‘j& 3 Playa del Carmel
B2 — EPS09LO, Q=m,,,/2 f  ALICE y(2S) pseudodata | ¥ *'.""““'.-«‘r*,:*‘a 4o T ] ’
L —— EPS09LO,Q=m, /2 | ALICE jj/w ps:udodata ] Y l' J"'I.‘.:"J*vl‘.":#g;%ififm} it ] 15/12/2023
Ll Ll | | L] [EU.E 04 06 08 1 12 14 16 18
10°° 107 10° 102 < M. (GeVic?)
CERN Yellow Rep.Monogr. 7 (2019) 1159 PbPb Ly pp=13/nb
o All |yl <09 Jy|<24 25<y<40 2<y<5h
Meson Total Total Total Total | Total
p— T T 52b 68B 558 21B 49B 13 B
p = T x| 730mb 9.5B 210 M 258 190 M 1.2 B
o— KK~ 0.22b 29B 82 M 490 M I5M 330 M
T — 1.0mb 14 M 1.1 M 5.7 M 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

= Nuclear gluon structure probed with J/y and y(2S) at
xg~ 102 -10°
— Measurements signal large nuclear gluon shadowing effects
= R,~0.65atx;~ 107
= R,~0.5atx;~ 107
= Proton gluon structure probed with J/y and Y(nS) at
Xg~ 102-10°
— More (and precise) data needed to discriminate between models

* We probed fluctuations at sub-nucleon scale for the first
time in |t|-dependence c.s.

" Photoproduction measured towards more central collisions

= Data strongly challenges theory
— Models with shadowing or saturation describe data the best

— No model currently describe the rapidity dependence and |t|
dependence

= We are limited by statistics and looking forward for Run 3
and beyond results
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ALICE

Energy dependence in coherent J/y
= 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°
_ |II\\I\ T T ‘IIII\I T T ‘\I\II\ T T |I\\ 0 7II T T |II\III T T |I|II\\ T T ‘\II\\\ T T ‘I\\
'%_ 103 = U)n' ~
= F 18F
f - o GKSZ, using ALICE Pb-Pb |s,, = 2.76 TeV (PLB 726 (2013) 290-295) - 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) 1.6~ 4 Contreras, using ALICE Pb-Pb |5, = 2.76 TeV (PRC 96 (2017) 1, 015203)
© - - Impulse approximation - - - Impulse approximation --LTA
- _._ STARIight 1.4 __ sTARIght GG-HS
— EPS09 LO - ——EPS09LO ----b-BK-A
2] 1.21
10°E - LTA Tt
- ----GG-HS o 1—
- --bBKA T T e T -
L 0.8
i 0.6
10 j ,7"’:‘—-‘ 0.4;
B + I 0.2—
L | 1 | | 1 1 1 1 ‘ | 1 | 0 : | 1 1 1 | 1 | 1 ‘ | | ‘
20 30 4050 102 2x10? 10° 20 30 4050 102 2x10? 10°
Wbe,n (GEV) WyF‘b,n (GGV)

EPS09 LO: PRC 93 (2016) 055206 + JHEP 04 (2009) 065
LTA: PRC 93 (2016) 055206 + Phys. Rept. 512 (2012) 255

2024-01-9

GG-HS: PRC97 (2018) 024901
b-BK-A: PLB 817 (2021) 136306
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p® photoproduction ® 2

= Large cross section (~550 mb) described by ALICE *

models g § ALICE Pb-Pb UPC {s,,, = 5.02 TeV
. > "™ PoPbPb+Pb+p’
= Measurement in nuclear breakup classes (0n0n, § _ =-------mmmmmmmmmmmmmmrmrrrree
OnXn, XnXn) to distinguish b dependence N S
. 500 — T i,
" o(yA > pPA) ~ A% with a slope e
a=0.96 +0.02% 400
. . . 300i —— data — — - STARIight
= Signals important shadowing effect o reflected o2 sperim
= Far away from Black Disk Limit 2 [Muncorrsyst. oo™
= Why not to validate with other elements (O,Kr,...) - lcorsyst ... COKT (nuciear
. r e GMMNS
= Good agreement of CMS data with HERA 0 s e a4 oz o 02 od 06 o
— No ambiguity in energy in p-Pb collisons ALICE: JHEP 06 (2020) 035 Y
CMS: EPJ C 79 (2019) 702 . -1 ~ 25
oy - 79 2019) 70 et e £ e ALICE y-Xe
= o cMs = i m ALICE y-Pb
DQ 10° = o Fixed target 3 % 2 m Hi YP
O — — (D - .
FC;L C m H1 Z o B fit: o, A”
1 B b s ZEUS n © - E==: CCKT
b'& : (ﬁ‘ "'0t1W”,+qzw,§;f3 : Hé 1.5 :— e GKZ
o iy " o Wi I pann \§/> C == coherent: 5, A"
10 = i AL T f-----ﬁ*'&‘* + ? E bi 1:_ + ----- incoherent: 6, A
- * . N ~ black disk: 6, A2®
B | 0.5 I —
L L | N L A B
1 10 102 0 50 100 150 200
W,, [GeV] ALICE: PLB 820 (2021) 136481 A
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do/dy (mb)

p0 in Pb-Pb at sy, = 5.02 TeV

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

IR ¥ 1L
[ - ] l o -
E; 6 -§ :
e L "
(6] L L
O 4 .
= Fu H
N - -.12
P :'
[ ‘* i
0
i e R L EHH
N i .
L Ll I i ‘
-2 0 2 4 6 8
ZNA energy (TeV)
700~ =
- ALICE Pb-Pb UPC \|s,,, = 5.02 TeV £
600 Pb-Pb - Pb+ Pb+ p° (On0n) >
e B
Ll ettt L ho]
500
e ... -
4001 i imim s im i -
W I data — — - STARIight
C o reflected GKZ (upper limit)
200 j D g T GKZ (lower limit)
r uncorr Sys T ssmmsmsam CCKT
100? l:’ corrsyst. ... CCKT (nuclear)
T T e GMMNS
008 06 4 02 0 02 04 06 08
y

ALICE

o ® Impact parameter dependence via ZDC selection

in 3 classes: OnOn, OnXn, XnXn
=  Comparisons with models

10? . .
— GKZ (nuclear shadowing) gives the best
description
o — CCKT (saturation) is slightly worse
— STARlight and GMMNS (saturation) underestimate
=-.Worst description for OnXn class
. = Test of pheton flux description
ALICE: JHEP 06 (2020) 035
— 40
120 — ALICE Pb-Pb UPC \s,,, = 5.02 TeV E E ALICE Pb-Pb UPC s, = 5.02 TeV
- Pb-Pb—Pb+Pb+p” (0nXn) > ¥ PbPb—Pb+Pb+p’ (XnXn)
100— E s0r-
e
i ity P SR ]
i ~T-data — =~ STARIight 15:_ I data — — - STARlight
40:— o reflected GKZ(”ppe”_‘ml‘t) F o reflected GKZ (upper limit)
L l:l uncorr syst. : gzi:owerhmll) 102 l:l UnGorT syst. : Szi;\cwer limit)
- l:l corrsyst. ... CCKT (nuclear) 5; I:I corrsyst. ... CCKT (nuclear)
[ ‘ L L AP EL ! ! | Lo GMMNS
08 06 04 02 0 02 04 06 08 0""%8 06 04 w02 0 02 04 06 08
Y y
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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
S0 1.5< M, <2.0 GeV/c?

40F
30F

E —sum +
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 | | |

T TR T TN N T T T [ T T T T T IIIIIIII:
1 12 14 16 1.8 2 22 24 26

M, (GeV/c?)



P in Pb-Pb at Vs, = 5.02 TeV

ALICE
= Resonance-like structure M™ ~ 1.7 GeV/c?
— Significance of 4.5
— Seen also by STAR, ZEUS, H1 & ‘i 2ol
— 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 (Gevie ALICE: JHEP 06 (2020) 035 Py (GeVie)
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Nuclear radius and neutron skin

A+A Collision .
A] ENEEEEER :—
T g'r :
Ao 51‘5
P § M E—— i
7 5 =0 EE:
I P i .
A;z : : EEEEEEEEER :g
arXiv:2204.01625 (2022) [
A1 . STAR: signal n'n pairs with P_ < 60 MeV
. E | :5* larger radius .
_ 1.2*;;%3&,# ﬁ* #‘ﬁ*

>

c

=3

= 1%"?*;1:*}; e ‘L?HF"' -ﬂf-‘ff-:q:,*-
=

6 0.8
2%
2
-
=3
38

0.6[-f(¢) = 1 + A cos(29) Syst. Uncert.

[ B Au+Au: A = (29.1 £0.4 £0.4)x10°°
O4-@@U+U : A = (23.8 0.6 £0.4)x107?
[ mEp+AU 2 A = (-0.5 £1.2 £0.9)x10°7
T T
- x 0 z m
2 o 2
2024-01-9

"‘,,»”? -R
M smaller radius %%ﬂ-"* » Au
| - Ry

..

STAR
[
One p° produced, but interference of
two contributions to the amplitude

Eistein-Podolsky-Rosen (EPR) paradox

— pY%wave functions are created at a
distance of <b> ~ 20 fm apart
— pOlifetime is ~ 1 fm

If photons are linearly polarized =
CoS 2¢ asymmetry exists

Interference effect is sensitive to the

nuclear geometry (gluon distribution)
— difference between 1°/Au and 238U
= significance 4.3 ¢

= A ~ 0 for p — Au collisions
"~ Radius (which is 1 fm too large):

=6.53+£0.06 fm
=7.29 £0.08 fm

Precision neutron skin measurements:
-S,, =0.17 £ 0.035%t + 0.08%t fm
— -5,=0.44 £ 0.05%@t + 0.08%s* fm

What are values for Pb?
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= Extracted radius appeared to be too large for 1 fm

= Extracted radius is for the case of maximum
interference (¢ ~ 0) is larger than case with minimum

interference (¢ ~ t/2)

£0

palr:R,a) =

1 + exp[(r — R)/al

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

E ok % Data: |0] < /24
S e Model II, 6=0
g : . ——=—\Noods-Saxon,
S 102k *‘..% R=7.90 fm, a=0.54 fm
‘%‘?{ o
103 ai:}%?%pli . |i I IIT|
g N Iﬁ' Ix
TR
| | | |
0 0.005 0.01 0.015 0.02
PZ (= t) GeV?

2024-01-9

R — nuclear radius
a — surface thickness
Po = 3A/(4nR3) - normalization

D STAR: Au+Au SNN=200 GeV

E ok % Data: |0 - m2| < /24
& [ e Model I, ¢=r/2
g E ——— Woods-Saxon,
Sioxf g, R=7.00fm, a=0.54 fm
1, 1
107 Iiﬁ I Il%ﬂ
| | I T | !' i |
0 0.005 0.01 0.015 0.02
P2 (= |t]) GeV?
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.J/\|J in Pb-Pb at sy, = 2.76/5 TeV® sl

Forward region (ALICE, CMS, LHCb): ALCE, Eur.phys. | CE1 (2021) 712

= No model describes the full rapidity dependence 4
— Models with nuclear shadowing (EPS09 LO, LTA) or ’

J/ EM_ ALICE Pb+Pb — Pb+Pb+J/y \sNN_502 TeV
- Y — M n = _— ALICE coherent J/y
. 12— .. mpulse approximation
= Central region (ALICE): g [T
— Jly->ptu,ete, pp O I e S
- | — = IPsat (LM) I
* Nuclear gluon shadowing factor - BKIS R 220642
R, =0.64 £0.04 for 0.3 x 103< x3< 1.4 x 1073 - —-sekeoow 8 '

L] eofge 6*

=  Compatibility between LHCb and ALICE results -

saturation (GG-HS) describe central and very forward =7--"

data but tensions in semiforward region 0, - > 4 5 1

w . — Other models describe either (semi-)forward or X y
. . . whan :I T I I I T T 'I-\\ T I T T T T | T T T T | T T T T =

E § Central rapldlty region ¢ data I{:t:li1|r=_':[|1:1:r.'f.lvl_ 5.0 B . LHCH =
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CMS: JINST 3 S08004 (2008);

Experlmental apparatus s iseosos o

THE ALICE DETECTOR R & nsseo e ZDC: AIPConf.Proc.867:258-265,2006
o sininzavayh i 2 ITSSSD{SDII;lp]) y mc(,‘(;)lfsml_ reaL

PRESHOWER

9. . CPV k) 5 < 55
10, L3 Magnet B A (2 RETURN YOKE
11, Absorber E ol Z A

16, PMO L T e, SUPERCONDUCTING
17.AD

o ‘ MAGNET
19. ACORDE

S FORWARD
CALORIMETER

= ALICE Barrel: | ] <0.9,
= Muon Arm: -4 < 77< -2.5 HCAL

= ALICE Diffractive detecors: ZDC, AD, VO = CMS(barrel): | ] <2.4
= Hadron forward calorimeters: 2.9< | 7| <5.2
m = ZDC:|n|>83

!lji;gm i
; ; H Iatg! H

i i ; - L L T B
=T 5 5 10 gl

Hole radius
ALICE: 2008 JINST 3 508002 Ji 47mm
Int. J. Mod. Phys. A29 (2014) 1430044

Hole radius
61mm

Cut-out
~108x230mm

LHCb: 2008 JINST 3 SO8005;
Int. J. Mod. Phys. A30 (2015) 1530022.
HeRSChelL: JINST 13 (2018) P04017.

= LHCb (forward region): 2< <5
= LHCb HERSCHEL:5< || <10

Station B2
z=-114.0m Station B1

=  VELO (backward region): -3.5 < nn<-1.5 #=-137m  Statlon B0
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Nuclear gluon suppression factor

MS Preliminary PbPb 1.52 nb™ (5.02 TeV)
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IA
O " ya-]/pA

Pb
Rg

prg represents gluon
suppression at LO

|A — Impulse
approximation — no
effects except
coherence

Flat behavior at large
Xg > 1073

Drop towards lower x;
values

No model describes
data
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o(y Pb — Jhy Pb) (mb)
o

—
<
2]

Photo nuclear J/

CMS Preliminary

PbPb 1.52 nb™ (5.02 TeV)

CMS

J Cross section

x~3.8¢10°  x~9.6¢10* x~2.4x10*

| Pb+Pb — PO'+Pb+Jiy

-

------

c-"
L

Impulse Approx.
CGC IPsat

CMS

ALICE and LHCb data points are
averaged over rapidity and only
one solution is presented

Experimental uncertainty is
highly correlated across photo-
nuclear energy W,y

i ® CMe  aa GG-hs
JF O ALCE' (4<y<-35)  —imaes  --itaws — Any change (photon fluxes, ...)
{2 o ALICE* (ly| <0.15) —bBK GG - -bBK A on one side changes the

; A LHCb* (-4.5<y <-3.5) CD_BGK --CD_GBW -~ CD_IIM | other side

|1 | | I | 1 | | | |1 1 | | I | |1 1 | | I | |
0 50 100 150 200 250 300 350 400

CMS: PAS HIN-22-002 (2022) W.y, (GeV)
Access low x; ~ 10 — 10 range without rising the collision energy

Strong rise at low W, ~ 15 GeV — ~

—> consistent with fast-growing glu
Flattish trend from W, ~ 40 GeV —

40 GeV
on densities toward low xg
~ 400 GeV

= slow rise with a slope (2.98 £ 0.425%t + 1.06%%t) x 10> mb/GeV

No model describes full data range



Neitron emission classes with Op

E 1 | | | | | | | | | [ |
Emz UPC 2®Pb-28Pb \5, = 5.02 TeV

o - e ALICE, Op -
c -
= i RELDIS, Op 4
©

- 1 T e RELDIS, Pb nuclei -

10

e

200
=S =
1 I I 1 I 1 1 il w0 T
2 3 4 5 6 7 8 9 10

ALICE, arXiv:2209.04250v1 (2022)
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Comparison LHCb/ALICE — Pb-Pb @ 5 TeV

doy/y/dy* [mb)
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p%in Xe-Xe at Vs, =5.44TeV &)

ALICE

dg/dy =131.5 + 5.6 "'17-5_16 95V mb 300 ALICE Xe—Xe UPC |5, = 5.44 TeV
. ' S ALICEdata ~ —— GMMNS 3
All models relatively close to data = S — ]

do/dy(Xe+Xe — Xe+Xe+p") (mb)
no
o
o

W, , = 65 GeV
o(yA — p°A) ~ A% with a slope oo
a=0.96 £ 0.02% o
= Signals important shadowing effect : ]
— Far from black disk limit co Ph;/i. Leé. BS;O (2521) 14364Si y8
— Slope close to 1 by coincidence _ 25 :
. .. = ! @ ALICE y-Xe
Fair description of data by models & " ALICE -7
CCKT (saturation) and GKZ I fit 6. A"
(shadowing) i 1sE =y
‘§/> ; + == coherent: 5, A"
bi(“ 1 Y -~ A incoherent: ¢, A
N black disk: o, A%®
] e S —
0 S | By |

2024-01-9 Adam Matyja - Exclusive quarkonia production - Aussois 43



Events / 15 MeV

CMS

P @5TeV in Pb-Pb, CMS
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CMS

@5TeV in Pb-Pb, CMS
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pY @5TeV in Pb-Pb, CMS
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section (pb)

Differential cross

Y(nS) in pp at Vs = 7, 8 TeV

sy

. o N , =
" Y(nS) - utp o 180F LHCb, JHEP 09 (2015) 084 E
— Feed down (x, = YY) corrected > 160F LHCb 5
= Cross section in the LHCb acceptance: = 0F E
— o(pp > pY(1S)p) =9+2.1+ 1.7 pb 2 iég‘ Total E
— o(pp > pY(2S)p) =1.3£0.8+£0.3 pb > b It T T(nS) signal, 2< y< 4.5 E
— G(pp —> pY(3S)p) =<3.4 pb at 95% cl. E f,{}z— S S Non-resonant background _E
= Good agreement of geometry corrected = 4E ," =
c(Y(1S)) and o(yp) with NLO calculations 20 B E
(Jones at al., JHEP 11 (2013) 085) 0 Ees AT - A -

, _ 9000 10000 11000 12000
= Saturation model (bCGC) relatively close mu) (MeV/e?)
= New kinematic region x; ~ 10~ probed
60 . B ——
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50r (a) :ﬂiiiq::; ' b
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Events/0.08 GeV
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Y(nS) in p-Pb at \s = 5.02 TeV

Y(nS) —» purw

Cross section extracted from ratios and inclusive

Y(nS) treatment

Theory calculations (LO and NLO) and saturation

models consistent with CMS data
FittoCMS: 0=1.08+0.42
— Consistent with ZEUS: 6 =1.2+0.8

— Consistent with ZEUS+H1+CMS: 6 =0.99 + 0.27

Fit to HERA+CMS+LHCb: 6 =0.77 £ 0.14
= Consistent with J/y data
JMRT LO disfavored

New kinematic region x; ~ 10 — 102 probed
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Dimuon counts / (30 MeV/c¢)

Yy = UL in p-Pb at Vs, = 8.16 TeV

ALICE
YY —> U cross section

Good agreement of simulation and data

Comparison with STARIlight (LO QED, no FSR) shows slight excess in
data

Important background for other UPC processes
Constrain theoretical models
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)/, y(25) in pp@7 TeV

LHCb:J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002
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Iy,

LHCb JHEP 10 2018) 167

(25) in pp@13 TeV
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ALICE J/vy in Pb-Pb — forward
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ALICE J/w in Pb-Pb
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Dimuon counts / (20 MeV/c?)

ALICE Exclusive J/w in p-Pb
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J/w in UPC Pb-Pb

What we want

Central rapidity region |y/¥|< 0.8 which corresponds to x; ~ 10-3 to extract
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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 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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= ALICE Pb+Pb — Pt
Models S AP
& 12~ \mpuise approximation
Impulse approximation: L iy
— Exclusive photoproduction off protons, neglects all nuclear effects but coherence. T e o
— Based on STARIight. of — eeriis
EPS09 LO: L T e o
— GKZ model with parameterization of nuclear shadowing data. 5
— Eskola, Paukkunen, Salgado, JHEP 04 (2009) 065. A -
LTA: F g
— GKZ model based on Leading Twist Approximation of nuclear shadowing. zzﬂﬁ"gﬁ”ﬁ '
— Frankfurt, Guzey, Strikman, Phys. Rept. 512 (2012) 255-393. D;_,,l_ o
4 _3 2

IIM BG, IPsat, BGK-I:

— 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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Models

=  Guzey atal.

Look at GKZ

= Krelina et al.

Cepila, Contreras, Krelina, Phys. Rev. C97 (2018) 024901; Kopeliovich, Krelina, Nemchik, Potashnikova, arXiv:2008.05116
variations of the colour-dipole model based on CGC theory.

GBW + BT: Golec-Biernat-Wusthof (GBW) model include light-front colour dipoles; Buchmuller-Tye (BT) potentials which
describe data for proton-electron generation of charmonium.

GWB + POW: GWB model and power-like (POW) potentials which describe data for proton-electron generation of
charmonium.

KST + BT: Kopeliovich-Schafer-Tarasov (KST) model include light-front colour dipoles and Buchmuller-Tye (BT) potentials

GG-hs +BG look at GG-HS model, boosted-Gaussian (BG) vector wave function; meson mainly consists of a quark-anti-
quark pair, and the spin and polarization are the same as that of the photon.

= Mantysaari et al.

H. Mantysaari and B. Schenke, Phys. Lett. B772 (2017) 832; Lappi and H. Mantysaari, PoS DIS2014 (2014) 069,

(No fluct. +BG) the cross-section is calculated using the colour-dipole model, including a subnucleon scale uctuation
based on CGC theory.

=  Goncalves et al.

Goncalves et al., Phys. Rev. D96 (2017) 094027; Goncalves and Machado, Eur. Phys. J. C40 (2005) 519,
depend on the dipole-hadron scattering amplitude and vector-meson wave function.

bCGC+BG: The impact-parameter-CGC (bCGC) model: dipole-hadron scattering amplitude given by the solution of the
Balitsky-Fadin-Kuraev-Lipatov (BFKL) equation and the Balitski-Kovchegov (BK)equation + impact parameter dependence
on the saturation scale. Assumption of boosted-Gaussian (BG) vector wave function

bCGC+GLC: bCGC with Gauss-LC (GLC) vector wave function

IP-SAT+BG: the impact-parameter saturation (IP-SAT) model where dipole-hadron scattering amplitude depends on a
gluon distribution evolved through the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi equation

IP-SAT+GLC: the impact-parameter saturation (IP-SAT) model with Gauss-LC (GLC) vector wave function
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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) O3LTO1; JHEP 11 (2013) 085.

= BM:
— Perturbative JIMWLK evolution based on HERA data

— Mantysaari, Schenke, Phys. Rev. D 98 no. 3, (2018)
034013



ALICE in future runs (3, 4 and beyond)
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