gﬁ Overview of recent experimental

¥ results on ultraperipheral collisions
Adam Matyja

Institute of Nuclear Physics
Polish Academy of Sciences, Krakéw

13- 17 Feb. 2023 Padova, Italy



Outline

= |ntroduction

= Mesurements | %\ﬁm

ALICE

— Coherent J/\ photoproduction in Pb-Pb, pp and p-Pb
— Coherent y(2S) photoproduction in Pb-Pb

— Exclusive and dissociative J/\y photoproduction in p-Pb
—Y(nS) (n=1,2,3) photoproduction in pp and p-Pb

— pY photoproduction in p-Pb, Pb-Pb and Xe-Xe

— Excited p state photoproduction

— Measurement of nuclear radius and neutron skin

= Summary




Ultra-peripheral collisions (UPC)

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

Photon induced reactions:

= Well described in Weizsacker-Williams approximation

= Photon flux ~ 22 (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 v* Pb, p

QZ
VM (J/y, w(2S)) (v, p;)
Wy*Pb, " §

Pb, p § Pb, p

\_tj
pQCD is here

2023-02-14

Photon virtuality Q*~ M,,,% / 4

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

Bjorken-x: fraction of longitudinal
momentum of proton

MVM +y Warning !!!
Xp = -

SNN
» Photoproduction is sensitive to gluon
density evolution at low x; [V%aming I

» There are new NLO calculations
Photon-target centre-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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J/w photoproduction — LO vs NLO

j—;(Pb+Pb—- Pb+j/+Pb) [mb]

22 (Pb+Pb = Pb+/¥+Pb) [mb]

corrections?
= Be carefull with interpretation!

= |O:
lwmmese N | — Gluons
| He=Ha =237 GeV """"" [Re(M)]* — Ryskin, Z. Phys. C57, 89-92 (1993)
dS(yp=J/¥p) _
| | dat
L/ N J 214,012
P . 2r
R T ROTC CLURI RS <1
f: I\ = NLO:
e 1 — Quarks play a role
| |
I ; ] T ¢ — Eskola et al., Phys. Rev. C 106 (2022)
: g : no. 3, 035202' arXiv:2210.16048
] NLO with l;JPPSFIS — iuu M2 M = ‘\./II\LG JMI\ LO
ey S N — bryoune | @ Diffe rences:
: — !Interference _ G|UOnS VS quarks
: ) \ : — Shape
i : — Normalization
1 I\ — Scale dependence
gt | A
S 1/ — nPDF dependence
oy =y |'= Whatisthe impact of higher order
—6 :_4 -2 0 2 : &
| |

Y,
Current experimental range

A
Y.
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p; signature

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 A e

= Target proton stays intact (similar to coherent) in p-Pb case J . LS
Dissociative (or semiexclusive) VM photoproduction: cur. Phys. J.C (2019) 79277

— Photon interacts with a single nucleon and excites it P P

— <p;'M>~1 GeV/c *V;:,_b_\_;_

— Target nucleon and ion break (in heavy ion collision) :’_FE’T

— Target proton breaks (in p-Pb) p*ﬂ;{ ;
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Motivation

* Coherent vector meson (p°, J/y, yw(2S),Y(nS)) photoproduction
particularly sensitive to the gluon shadowing
— Nuclear gluon shadowing factor R.A(x,Q%)=gA(x,Q%)/Ag,(x,Q%) < 1
— Saturation may contribute to nuclear shadowing
— Search for saturation at low x;
* |t|-dependence helps to constrain transverse gluonic structure at low x;
* How well do we model photon flux?
= Constrain parameters of models
= pQCD test
| Aceardictali Eur.Phys.J.A 52 2016)9, 268 Eskola et. al.: Eur.Phys.J.C 77 (2017) 3, 163
: t . Qg(Y) &\ 1.6 i T lé\l 1T 8] llllllll I Illlllll T llllll_I-
G HERA saturation 4 o T T
10— Q2 = 10 GeV2 region & = 1.4 sl 1> e A
. - g
i . % [ iz & %
. E g . = - DT .":‘ 5 b |
107E |57 :: ) ; L4 SR i
: > |£ : IS 4 1
. . HERAPDF10 £ f BFKL - :.: Y ¢ |
[} ~ R T - ) S B
102 - experimental uncertainty CIJ_ W% ! ."- - &
E :;:::::‘::::tyncerla'nty § @ DGLAP E-_: =) 02 "::::::;E:S‘-.E:E'f‘f‘f.:";,.fg EPPS]G _:
10_1304 L 1(')3 B 1(‘)2 By 1(')1 . ‘..1 Az- l 5_2 Q: UO _4 '1&:_,:-;‘111{1111_21 1111111[_11 Ll
X Qco : 10 10 10 10 1

(:(S -~ 1 (IS < 1
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)/ in Pb-Pb at Vs, =5TeV &

ALICE
CMS Prehmman/ . PbPb 1.52 nb (5.02 TeV) g 5 4T ALICE PbaPb - PbsPbedy 525,02 TeV
+ +Pb'+ = |
PoPb — PY4PLiy AnAn 5o B ey
—o— CMS ® [ - STARLIGHT
. © L —
__ 6F =B ALICE 2019 | Warning !!! - [ aokn AT
2 | =& ALICE 2021 T e LT
> | SR LHCh 2022 2 - 8 it - Rg?=0.642
3 af OC - —-bBK(BOCM) -
o’ -
© | 4
or
Zae
0 04— 5 4 0 1

y
" Forward region (ALICE, CMS, LHCb): J/y — p'w

Wid idit
» Central region (ALICE): J/y —> utu, et e, pp } —> VVide rapidity range

. ALICE: Eur. Phys. J. C 81 (2021) 712
" Nuclear gluon shadowing factor LHCb: arXiv:2206.08221 (2022)
— R,=0.64+0.04 for 0.3 x 103< xz< 1.4 x 103 CMS: PAS HIN-22-002 (2022)

= 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
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Rapidity dependance: Ambiguity problem

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

* Two sources = two values of x;

14

A0 gpaa' 1/ E

dy = N(“’yl)UVA(‘UVl) + N(“)VZ)UVA(‘“VZ) =12

. ° L

P> High energy photon Pb My y S

Wy1 = ety B

2 L

8

Detector }

Xp = L

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

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

E ALICE coherent J/y
- = = - Impulse approximation
——aa STARLIGHT
—— EPS09 LO (GKZ)
————— LTA (GKZ)
——— IIM BG (GM)
= = |Psat (LM)
— - BGK-I (LS)
= === GG-HS (CCK)
— - b-BK(BCCM) -~

1: 5% x5~ 1.1 x 10°
2:95 % x4 ~ 3.3 x 107

Jhy

Detector

50 % each x; ~ 1073

MVM

-y
26

Pb Pb

Contreras, PRC 96, 015203 (2017)

2023-02-14
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1: 40 % x ~ 5.1 x 10
2: 60 % X5 ~ 0.7 x 10?2

To disentangle both contributions we need to measure
the same proces with EMD or in peripheral collisions
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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 1-4 neutrons
Pb

>= 1__"3%. 2R, ]

Pb

Double breakup (XnXn)

=

|
|
4 1
il
X
) ) 1
Pb* + X & 05 Al STARLGHT -
1 LHC beam energy
LAY —— Ondn
j : __.‘:__ —— ¥nln
VAN — XnXn
B I.-'- \"'\.%.\.
* 4 0 Ly L1 1 T |_|||I_"-|- e a1l
Pb™ +X 0! 10 [ig

b (fm)

UPC event clasifier: OnOn, OnXn, XnXn

2023-02-14

Pb* + X — via electromagnetic dissociation (EMD)
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Excitation of the nuclei possible through the
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Coherent J/y in nuclear break up classes

CMS

ICMS Preff'm#llar}f IF’bF’b1-52 ﬂlf"(5-02 TeV) 5 ICMS Preh'ma'.rllary IPbemsan?* (5.02 TeV) c Icms Preh'ma’r?ary IF’bF’b1.52nL‘:" (5.02 TeV)
G_F’_t:r_F’lé“;;F’umwa onOn . P_lflén;;Pmpb'ﬂa’w onXn N P_tfl;n;;Pb#Pb'um XnXn
= | —tmss 15 —LTASS | —vmass |
% A LTAWS £ - = LTAWS E oa) T TAwS

K R Ep—— < i 3 PPt
e RS en T s R
05F __4" #
© CMS: PAS HIN-22-002 (2022) N
) 3 ) = 0 0% = ) = 0 0 = = = 0
. . ° y . . . y y
= Difficulties in description by theory| warning !!!
" 0OnOn class has the largest statistics, XnXn — the lowes one
= Cross sections in nuclear breakup classes can be used to
calulate photo-nuclear cross sections  Guzeyetal., EPIC 74 (2014) 2942
— What is measured is burdened with uncertainties
— Photon fluxes are taken from theory, but with uncertainties | Warning !!!
Ao 4 asaa’ jw |_ NOnOn( ), ( ) n NOnOn( ) ( )
dy n Wy1 )| 1 Oya\Wy1 Wy2 )| [Oya (@y2
o™ poan' sy | Iy Xnxn N XnXn
dy T (wy1)floya (wya)[+ (wy2)[{oya (@y2)
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Photo nuclear J/

PbPb 1.52 nb™ (5.02 TeV)

CMS Preliminary

CMS

J Cross section

L | L | T T | | L | L | L | L | |J—|‘|__L_|_ .
R . -ow! ®  ALICE and LHCb data points are

LA S I . averaged over rapidity and only
€ I one solution is presented
S | Warning !!!
=4 " Experimental uncertainty is
T /> mpulse Approx highly correlated across photo-
. 5 CGC IPsat nuclear energy W.,
- i e CMS Ll GG-hs
T2 HE 0 AUCE (4<y<-35) —itaes  --itaws — Any change (photon fluxes, ...)

i O ALICE* (ly] <0.15) —DBK GG - - DbBKA on one side changes the

A LHCb* (-4.5<y <-3.5) CD_BGK --CD_GBW -~ CD_IIM | other side
L1l | L4 1 | L1 | L1 | || | L1 | [ | | [ | |
0 50 100 150 200 250 300 350 400 :
Warning !l!

CMS: PAS HIN-22-002 (2022) WE3, (GeV) 2

= Access low x; ~ 10— 10~ range without rising the collision energy

= Strongrise at low W,y ~ 15 GeV — ~ 40 GeV

—> consistent with fast-growing gluon densities toward low x;
= Flattish trend from W, ~ 40 GeV — ~ 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

2023-02-14
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Coherent J/y in non UPC Pb-Pb

" Low p; (< 0.3 GeV/c) and R,, excess

VHEY

explained by photoproduction in peripheral 3 >'F 1ug — ' EE
collisions S lgof. TPt foey=STeV ELS
- : o i D R
* Hadroproduction dominates in higher p; 5 160F ig -, 4532&‘**' EE
. - g
intervals = oE Loz ELS
= Good description of R,, by model (W. Shi et toog "D =S
. . . i — : - u I )
al.) with medium effects + photoproduction. 80F Jﬁ p:lmz_ii;:d ELS)
QGP effects also considered oE 15
. " N
= Both forward and central region Photo- : ' as
. 1 5 L S - L | 1 ] 1 E =
= |sis the same for other VMs? production | o 10 15 20
Centrality (70-?OI%I) (IS(I)-I70I‘%:) I(3I0-I5(I)‘ylo)I — .(1|0_.39(y.°). S .(.O_.l(l)%)). _ ]Il(p ME‘V‘ ]}
Q 3 10 . <~ 7V 71 T
TR O ALICE, Pb-Pb |s, = 5.02 TeV 1z 3 | ALICE Preliminary Pb—Pb, |55, =5.02TeV
= | F 15 2 Centrality 50-70% .
g 3 - Jy > un,25<y<4 4 M c 8 Global syst. uncertainty: 9.2% |
>~ & - - Q ; = : :
||v p. <03 GeV/c 1 Data [JModel X :,?bs g [ ey e ] <09 ]
- i 0.3<p_<1GeV/ic | Data [ IModel i rf) wla 6 - Upper it 35% C.L. 7
QZ: N 1<p_<2GeVic § Data | |Model 15 i W, Zhaetal .
ii '__: 4 Phys. Rev. C99 (2019) 061901 —
, § ?:o i \ i
21| 2 + + —
S | © '—l— N — —I—'
g ; 0 DA BT T f S - | ]
0 50 100 150 200 250 300 350 400 0 0.05 0.1 0.15 0.2
(N P, (GeV/c)

part

W Shi et al., Phys. Lett. B 777 (2018) 399- 405
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(25) in Pb-Pb at Vsy, = 5.02 Tev & gigls

= ALICE: y(2S) - ptunim, efen'n, ALICE

H':.__"I‘ T T T T T T T T T T T T T T T T ]
= LHCb: y(25) — piyr- More da(;adl 2 RN :
. ! 6.0 HU —
" Nuclear gluon shadowing factor points neede 9} * PbPb /S = 5.02 TeV ]
— R,=0.66%0.06 for 0.3 x103<x3<1.4x 103 | Wa rning | = A5 ) Coherent u[E.S'J production]

— Consistent with J/y result =R N

- * Luminosity unc. : 4.4%
N

» Good agreement of models with shadowing (EPS09 LO, = ,,

LTA, Guzey et al.) ! A\ i
. . 'tj (LY =
= Good agreement of ALICE data with model BCCM (with =15 .
saturation) S L ]
, SE- .
= Other models over/under-predict ALICE/LHCb data T 00 S :]5' — lm L B’E"ﬂ'ﬂ;ﬁ
= First measurement of J/\ and y(2S) p; spectra @ LHCb P [GeV/d]
o3 ALICE Pb+Pb — Pb+Pb+y' |5, = 5.02 TeV L o e L e
= B R — * data
>. [ [ ALICE coherent y' L LHCh . stat. unc.
% 2.5 ___. Impulse approximation - _ PbPb /a = 5.02 TeV [syst. unc.
8 | -wn STARLIGHT = - b /s = 5.02 1 e et al
- — EPS09 LO (GK2) S 10k Coherent (25 production _| AW
2.0 ... LTA (GKZ) . w%rw_ Luminosity unc. : 4.4% J
- ---- GG-HS (CCK) [T = | ——EPsm
- —- b-BK (BCCM) - i -~ R | Krelina et al
5 R.2=0.662 i *lﬁ" S i W BT
- L. B ——— GBW+POW
i S Uo - TeeTn, A . KST+RT
1.0 B . T, N , GG-hs+BG
r - B \*"Rh A Mintysaari ef al
- L i R . No fluet. +BG
0.5/~ SOCE L T | | | k&k | Gongalves et al.
?'._ v—l‘." Ill{_,l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 e on h'(.ll:::(.l' ]3"’4‘
7.‘--"' | | | | ] 1 2 3 4 B o bCGC+GLC
0.0 3 2 - 0 1 y” 1P SATGLC
ALICE, Eur. Phys. J. C 81 (2021) 712 Y LHCb, arXiv:2206.08221 (2022) accepted by JHEP
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)/ in Pb-Pb at Vs = 5.02 TeV

. ALICE
Central region

4 ALICE, PLB 817 (2021) 136280
— Jy - ptu

i 10 B ALICE Pb+Pb — Pb+Pb+J/y \\'TNN= 5.02 TeV —]
| t] dependence is sensitive to spatial 8§ ALIGE conerant o, <05 1
gluon dlstrlbutlon _: B '\_‘Ei\'\ + Exper?menia: unco:retlaged styst.+stat. ]
. . E L P‘_\I"_J Xperimental correlate SyS a
Bayesian and SVD unfolding used to = | UPG 10 yPb modsl uncertainty
transform p;*> — | t| %
Transition from UPC to photonuclear e
cross section Photon flux 1 O -
dZ U]C/O\f} dO'be E :STARngm (Pb form factor) \\\ E
— Zn ( — O) LTA (nuclear shadowing) O,
dydpz ]/Pb y d | tl - —-b-BK (gluon saturation) \}\' =
y=0 AN \\
Comparison to models: s 0 A ————
. . . . 0o o ata
— STARIight does not contain explicitly = 15- . e
shadowing — do not describe shapenor 8 F - * * & = o — R
. = 0 0.002 0.004 0.006 0.008 0.01 0.012
magnltUde It (GeV2 ¢2)
— LTA contains nuclear shadowing — agrees
with data
— b-BK based on gluon saturation — agrees
with data

— Reflects effects of QCD dynamics at small x;~ 1073



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 at Vs, = 5.02 and 8.16 TeV
LHCb: pp at Vs =7 and 13 TeV

Power law fit o~ Wypfs
H1 data: 6=0.67 £ 0.03

0

data: 6=0.7 £ 0.04 =

— agreement LHC and HERA g

= agreement and LHCb ?

= Models show agreement 3
— JMRT NLO: based on DGLAP  ©

evolution with dominant NLO
contribution

valid to xz ~ 2 x 10

— CCT: Saturation in an energy
dependent hot spot model

Probe wide region x; ~ 102 - 10®

No clear indication of gluon saturation at low xg

2023-02-14
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p-Pb 8.16 TeV: NEW
p-Pb 5.02TeV: Phys. Rev. Lett. 113 (2014) 232504.
LHCb pp 7TeV: J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002;

LHCb pp 13TeV: JHEP 10 (2018) 167 Bjorken-x
10~ 1072 10— 1074 107°
IIIIIII L] L] I LELIL L L] L] LELEL LI L] L] IIIIIII L] L] IIIIIII L]
* ALICE (fsyy =8. 16 ToV) ALICE Preliminary
ALICE ({5, = 5.02 TeV) .
o Fixed target exp. (E401, E516, E687) eV
VoyulE ]
. géus u*ﬂr‘Jj/
s LHCbpp (s =7 TeV) ,13/
= v LHCbpp ( r 13 Tev) s 2% LHCb
NEW! WW (W+ solution) 1
------- JMRT NLO
i f LHCb cCT _
- - Power-law fit to ALICE data
X (W solutlon)
-I I 1 1 1 1 1 1 11 I 1
10 20 30 40 102 2x10? 10°  2x10°
W, (GeV)
Warning !!!
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Dissociative J/\y in p-Pb at \/SNN

(nb)

)
—_
o

[\*]

o(y+p — Jy+X

Bjorken-x
107

1072 1073
| LI LILI IIIIII ]

ALICE Preliminary

104
IIIIIII T T

Warning !l!

¢ ALICE ({syy = 8.16 TeV)
O H
—GcCT

1 1 1 L L 11 I 1 L L L L 1
20 30 40 102 2x10? 10°
W, (GeV)

First measurement of the dissociative cross section at the LHC

G(y+p — JIy+X)

—
[¢)]

o(y+p — Jy+p)
-

0.8

0.6

0.4

1072

- 8.16 TeV®

. ALICE
Bjorken-x

107° 1074 107°

—
N

ALICE Preliminary

¢ ALICE (s, = 8.16 TeV)

[ e HA1 N

—BM _

i \# —CCT h
20 30 40 102 2x10? 10°

W,, (GeV)

Energy dependent dissociative J/\y cross section (x; ~ (0.5,2) x 102

Agreement with HERA results

CCT model with saturation agrees with data
— Predicted maximum at va ~ 500 GeV to be checked in Run 3

BM: perturbative JIMWLK evolution with parameters constrained to H1 data to be

checked in Run 3



Y(nS) in p-Pb and pp

s~

—
o

e T—

= Fit CMS: 5=1.08+0.42
— Fit HERA+CMS+LHCb:

" Y(nS)—> prw 5, CMs pr 32.6 nb™ (5.02 TeV)
= Cross section measured in central (CMS) and =) 45E — fpea
forward (LHCb) region 3 a0t :E§§§%G
" NLO calculations favored by LHCb data c% 3BE = MRTLO
= Saturation models consistent with CMS and LHCb ~ © % |
. 25
= FittoCMS:56=1.08+0.42 Warning !!! HE .
— Consistent with ZEUS: 6=1.2£0.8 15_/ ------------- P
= Consistent with ZEUS+H1+CMS: 6 =0.99 £ 0.27 10
= Fit to HERA+CMS+LHCb: 6 =0.77 £ 0.14 5;—| CMS: EP) €79 (2019) 277
. . OF  Lovva oo banan v bivnalan ' RN
= Consistent with J/\y data S R
= New klnematlc reglon Xz ~ 10— 102 probed CMS pPb 32.6 nb” (5.02 TeV)
'Elﬂ 104 T T T T LI B B T =
= | LHCb + T(15) data g = iiﬂzf{;gzﬁiﬁi g
= LO (7TeV) 2 [ —m— m2mEn .
=] (@ — LO(8TeV) S b e memtnren ;
= MLO{TTeV) a .
g 407 — NLO@ETeVI]  © 10 F = =
w - ]
§ 0+ B .
-TE 20 102 CMS _::I::Gl._;[:G
= [ ]JMRT-LO
E 7] JMRT-NLO
=
a

LI e SR :

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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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, § _ =-------mmmmmmmmmmmmrrmrrrree
OnXn, XnXn) to distinguish b dependence N S
. B00 — T
" o(yA - p°A) ~ A% with a slope e
a=0.96 +0.02% 0
. . . 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 ... OCKT (nuctear)
. - 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 d
CMS, Eur. Phys. J. C 79 (2019) 702 ppb+pbp 16.9 " (5 ~ 25
- ur. Phys. J. C 7 ‘(‘I ) 02 pPotPop 169 b (5,02 Tev) 5 E o ALICE 7-Xo
= o CMS — B m ALICE y-Pb
DQ 10° E_ o Fixed target _E % 2 __ m H1 YP
S O
FC;L C m H1 Z o B fit: o, A”
T B b s ZEUS N © - g=== CCKT
. {“ v, W 4, W ] 10 B GKZ
/ e 4 o WS, - e §> - ==+ coherent: g, AP
10 = i AL T f-----ﬁ*'&‘* + ? E bi 1:_ + ----- incoherent: 6, A
- * : N = black disk: 5, 42°
B | 0.5 I —
S o | ) . L L
1 10 107 0 50 100150 200
W, [GeV] ALICE, Phys. Lett. B 820 (2021) 136481 4
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do/dy (mb)

pYin Pb-Pb at \/SNN

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

= 5.02 TeV

ALICE

R | LR 1 ®  Impact parameter dependence via ZDC selection
— = N bl - .
O | ! in 3 classes: OnOn, OnXn, XnXn
o . ] . . i 11
s [ % 1 = Comparisons with models Warning '!!
Q 4 - - 102 . .
S . — GKZ (nuclear shadowing) gives the best
2 F description
P b . — CCKT (saturation) is slightly worse
B e i ES — STARIlight and GMMNS (saturation) underestimate
B T R - - = Worst description for OnXn class
2> fo 2z % eN_ ® Test of pheton flux description
ZNA energy (TeV)
. ALICE: JHEP 06 (2020) 035
- ALICE Pb-Pb UPC s, = 5.02 TeV E wo_ ALICE Pb-Pb UPC s, = 5.02 TeV 2 " ALICE Pb-Pb UPC ISy = 5.02 TeV
600 Pb-Pb — Pb + Pb + p” (0n0n) > | Pb-Pb—sPb+Pb+p’(0nXn) g 3= ppph s Ph+Pb+ % (XnXn)
e —— g g
e L M —_— : L |
e AR CEEee— e e 30:----------_—“"_“_ T _____"_-_ ------------ 25; o = 11 ' e
40017 L mimim i - B T T I T Ty E‘._..'-_'-n_n__,___\r_g hausasersssredusiniensinnsinnninitininis)
————— = :____- ________________ 20—
C 60— £
300_7 + data = = = STARIlight r + data = == STARIight 15:_ + data — — - STARIight
ol O reflected T zzi:f:l"':: w— o refected T gz““"perl‘_‘m.‘:) i o reflected A2 (tpper fimi)
r Juncorrsyst. COKT - [Juncorrsyst. CCKT(DWH ™ =[] uncorr syst. Szifuwer i
100? l:’ corr SySt- ------ CCKT (nuclear) 20? l:l corr SyS‘t- ------ CCKT (nuclear) 5; I:I corr SVSt- ------ CCKT (nuclear)
il GMMNS L Lo o v GMMNS e GMMNS
O~%% 06 w04 02 0 0z 04 06 08 O=%8 05 04 2z 0 0z 04 05 08 o '43‘_5' ‘ '43‘_6' ‘ ',0‘_4' : Q)lz‘ : ‘(l)‘ 0z 0z os o8
Y y Y
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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
— Seen also by STAR, ZEUS, H1 & ‘i - felily
— Most probably p,;(1690) with angular momentum J=3
— More data from Run3 + Run4 needed | Wwarning !!!

CIN'_E'_E e . . - a - « 3

2 = P-exp(—Py- (m—1.2GeV /c?)) + P+ Py-exp (—(m —M,)*/T?)

am ; \ x) /L
(:‘9. 2200 _ © 80—
3 200:}- ALICE Pb-Pb UPC sy, = 5.02 TeV s . ALICE Pb-Pb UPC \s,, = 5.02 TeV
S 180~ —— ALICE data S -
g 160:—'!' Signal g 60: —I— Opposite-sign pairs
% 140i Background % 50i —|— Like-sign pairs
3 Coo C
3 1201 + Significance: 5.8 o 3 40; 16GeV/c2<m<19 GeV/c?

100 p,<0.2GeVic E +} lv| <0.8

o T yl<0.8 307

60 _'-‘l.? 20 + + +

40 N + :

C A C
= weTRRE L PR L P
:\ L1l ‘ L1l ‘ L1l ‘ | ‘ Ll | Ll | Ll ‘7 ] I-'\T?_\ﬁ_\_l_l 7\ \_?—' L + +
92743 14 15 16 17 18 19 20 21 22 85" 0 1 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 :—
¥ > E [
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.

el T A
M smaller radius Sy
J RU

..

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
— pllifetime is ~1fm

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):

R, = 6.53 +0.06 fm
=7.2940.08 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?

[ B AusAu: A = (29.1 +0.4 +0.4)x107°
O4-BEU+U : A = (23.8 0.6 +0.4)x107?
[ g p+AU . B [—G.E:l +1.2 iD.QHxl[}"’
T T
—T — 0 5 T
2 0 2
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Summary

Nuclear gluon structure probed with p°, J/y and y(2S) at x; ~
103 -107

— Measurements signal large nuclear gluon shadowing effects
R,~0.65at x;~ 107

— Models with shadowing or saturation describe data the best
— No model currently describe the rapidity dependence

Proton gluon structure probed with p% J/y and Y(nS) at x; ~
102-10"

— More (and precise) data needed to discriminate between models
Photoproduction measured towards more central collisions
Nuclear radius and skin measured for Au and U

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

2023-02-14 Adam Matyja - UPC experimental overview - Padova 23
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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)

palr:R,a) =

2023-02-14

£0

1 + exp[(r — R)/al

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

—
o

[
E

)
r

I~

—
o
P

dN/d[t| (arb. norm.)

1073

¥ Data: |0| < /24
------- Model Il, $=0
. ——=—\Noods-Saxon,
% R=7.90 fm, a=0.54 fm

0.015 0.02

|
0.005 0.01
P2 (~ [t)) GeV?

Adam Matyja - UPC experimental overview - Padova

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?
25



.J/\|/ in Pb-Pb at sy, = 2.76/5 TeV® sl

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

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

EM: ALICE Pb+Pb — Pb+Pb+J/y \sNN_502 TeV

-y o 512 % i
= Central region (ALICE): L

— Jly >y, ete, pp I e AT

. | — = IPsat (LM) e
= Nuclear gluon shadowing factor 8 leaneo R 2=0.642
R,=0.64 £ 0.04 for 0.3 x 103< x3< 1.4 x 10’3 P eeeoon TR
[ eofge 67

=  Compatibility between LHCb and ALICE results -

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

data but tensions in semiforward region 04 - - 35 5 1

w . — Other models describe either (semi-)forward or X y
NG central rapidity region . i Krelims ef ol e S SN A T
PR o PD¥Pb s PbPbJly 159 ub” (2.76 TeV) stat. unc. r'f[f“:'li..l.- : E k‘\ PbPb \/snw = 5.02 TeV E
2 2 E 9_||£:|’L1|;|||||I|||||E'Lﬂlé|é‘;:[a'|lnl|||||||||||||||: [ syst. unc. :;:([E,Tn”;]lﬁ'l. — __L_'_? E—_-—_}:_:_:, E{]h[ A _If 5 pn}]l]r - |_§
© o = 8 —=— ALICE data = ; cohstpe  — 4.0 F— amminosity une. © 4.4% —
AN 2 I Impulse approximation . Guzey ef al. Shs L E - - F - ".L 3
0o m®PR i TE Leading twist approximation ]‘:]::L“- Mintysaari ef al. — 3.5 E ¥ E
“~Y & ] —-—-LTAS No fluet. +BG *< 2 0 E E
'o\o O e EPS09 S ”; T = 3-'1:' =T “:»?Ih 3
253 '?:f".f.'.“'*f;;-‘&f-". o =20 E TN E
§E5 “iemar S20¢ |
u>;°-',2 ks psatice = LOF E
5 = : 1.0 E -
sa3g B LHCb, arXiv:2206.08221 (2022), °. £ 3
6 6 L,; g accepted byJHEP [:]I: gI 1 1 1 I 1 1 1 1 I 1 1 1 1 3
s i3 0 9 .
< < U U:I IIIIIIlIIII|IIIIIIIIIlIIIIlIIIIIIIIIIIIIIlIIII B - *J
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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< 1< 5
= LHCb HERSCHEL:5< | 7| <10

Station B2
z=-114.0m Station B1

=  VELO (backward region): -3.5< nn<-1.5 #=-137m  Statlon B0
2023-02-14 Adam Matyja - UPC experimental overview - Padova vt
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Nuclear gluon suppression factor

MS Preliminary PbPb 1.52 nb™ (5.02 TeV)

C

1 =

09F e

C O

0.8F ©

- A
0.7F
06

o
|

b+Pb — Pb'+Pb'+J/y

CMS A
ALICE* (-4 <y < -3.5)
ALICE* (Jy| < 0.15)
LHCb* (-4.5 <y < -3.5)

=~

(N
illxﬁlllllll

el

] .

0-5 - BT == GG-hs
PR L AN )
04fF="" - — LTA_SS ---LTA_WS
/ — bBK_GG - - bBK_A
03k CD_BGK --CD_GBW - CD_IIM
0.2: | IIIIII| ] | IIIIII| ] IIIIII| ] L
107° 107 107 1072

X

CMS: PAS HIN-22-002 (2022)

2023-02-

14 Adam Matyja - UPC experimental overview - Padova

CMS

0Py assy A

IA
O " yAa-]/pA

Pb
Rg

prg represents gluon
suppression at LO

|A — Impulse
approximation — no
effects except
coherence

Flat behavior at large
Xz > 1073

Drop towards lower x;
values

No model describes
data
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counts/(0.2 TeV)

104

10°

ALICE :
. Pb-Pb |5, =5.02 TeV
' No signal in ZEMs

Neutron emis

— Data
— Fit, Tn—6n
== Fit, 1n

sion In

6]
1 IIIIIII

10

UPC

UPC **Pb-2%Pb, |5, = 5.02 TeV _
e ALICE
RELDIS

}

6 10 12 14
Ene (TeV)
G (in) o RELDIS () U"H"[ill}
ZN
(b) (b) (b)
In | 108.4£0.1£3.7 | 108.0£54 | 103.7+£2.1
2n | 25.0£0.14+1.3 259+1.3 23.6+0.5
3n | 795004023 | 11.4£0.6 6.3+0.1
4n | 5.65+0.03£0.33 | 7.8£04 4.8=+0.1
Sn | 454+£0.03£044 | 6303 47+0.1
In=5n | 151.5£0.2£4.6 [59.8+5.6 | 143.1+£2.2

ALICE, arXiv:2209.04250v1 (2022)
2023-02-14

= Upto 5 neutrons

=  Hadronic cross section
Chag = 7.671£0.24 b

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

REDLIS: Phys. Part. Nucl. 42 (2011) 215.
NOON: Comput. Phys. Commun. 253 (2020) 107181.
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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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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/U 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 Vs, = 5.02 TeV, Eur. Phys. J. C
81(2021) 712.
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Updated measurements of exclusive J/\w and (2S) production cross-sections in pp collisions at \s =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).
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Comparison LHCb/ALICE — Pb-Pb @ 5 TeV

doy/y/dy* [mb)

LY = = Ut Ut

V)
o Ot O Ot O Ot O O O Ot O Ot

—o— [LLHCD 2018

FT T T T 1\\| [T T T T [T Tt rrr1 LHCDH 2015
E_ ‘ N LLHCH —+— ALICE
= \ ~q Guzey et al.

’ \\ PbPb /sxn = 5.02 TeV ITA W
. "\ Coherent J /1 productiond ===-[TA S

—— EPS09

Krelina et al.
GBW+DBT
=-=== GBW+POW
KST+BT
GG-hs+DBG

Mantysaari et al.
No fluct. +BG

Goncalves et al.
] - bCGC+BG

2023-02-14

= e hCGC+GLC
' [P-SAT+BG
[P-SAT+GLC
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pYin Xe-Xe at \/SNN

do/dy =131.5 £ 5.65*17> Y mb
All models relatively close to data

W, = 65 GeV

o(yA — p°A) ~ A% with a slope

o =0.96 £ 0.02%

= Signals important shadowing effect

— Far from black disk limit

— Slope close to 1 by coincidence

Fair description of data by models
CCKT (saturation) and GKZ

(shadowing)

2023-02-14

=5.44 TeV .

do/dy(Xe+Xe — Xe+Xe+p") (mb)

65 GeV) (mb)

YA,n -

G, AW

Adam Matyja - UPC experimental overview -

w
O

ALICE
ALICE Xe—Xe UPC s, =5.44 TeV
ALICE data ~ — — GMMNS ]
+ [ jeLvi ]
== CCKT —— STARIight 1

1—6“'—41”—2.“0”'2 I 4 HBI 8
Phys. Lett. B 820 (2021) 136481

! @ ALICE y-Xe

ALICE y-Pb
m Hilyp

fit: o, A”

1 CCKT

- GKZ

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

---------- black disk: 5, A%°




Events / 15 MeV

CMS

P @5TeV in Pb-Pb, CMS

2
dN A \/Mfr+"r_Mp (770)Lp (770) B4 Ceito \/M 0(783) L (783) = e
= 2 ) - e
dM?r+T_ M—f—i—qr - Mp(??O)G + "Mp (Wg)orp(??()) T-l——f M w(783) + "M 783)0Fa )(783)
3
2 _ A2 2 2 2
oy =T M, 7700 | Mot - — 472 . M, (783) M- —9m
p (770 "M 2 — 42 783) = Lo
| Mooy ~ M L) M+ - Mi, (783) —omZ
10? pPb+Pbp 16.9 ub™ (5.02 TeV) e
E I T T 1 | T T T 1 | T T | T T 1 | T T | T T 1 | T T I: d{T P(??ﬂ][]
700 —  Data CMS 7 d = 0 '
- —S f all tribut . T
E Sumetal contributions E v B(p(770)° — mrr-)LAy
B --Non-_retsc:_Pant Ly 0.025 < |t] < 1 GeV? - 4 4
- wp-n interference ;- -
500 - -. -p interference -2.0 <y(r'm) < 2.0 - —J{pr — pPbp (770)") = k—nﬁr('}«p — p(??[])up)
- -. Breit-Wigner Mp{77 o = 773 MeV 4 dy dk
400 |— -- w-reflection rpmo) = 148 MeV -
- A= 245 . = (1/2)M, 70,0 €XP (=¥, (770)0)
300 |B/A| = 0.5 (GeV)"?
200 [— -
C + E
100 [ . —
:*+}+ t -
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@5TeV in Pb-Pb,

pPb+Pbp 16.9 ub™' (5.02 TeV)

® Data

= 0.025 < |t] < 0.075 GeV?

— Sum of all contributions

0.075 <

IIIIIIIIIIIIIIIIIIIIIIIIII
0.125 < [t| < 0.175 GeV2
o Breit-Wigner
== w-p interference

[t] <0.125 GeVZT

p Breit-Wigner
*= Nen-resonant nn
= p-nn interference

w-reflection

80F
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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) = pu 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+0.3pb 2 b It T T(nS) signal, 2< y< 4.5 E
— G(pp —> pY(3S)p) =<3.4 pb at 95% cl. é f;{}é— :"“ """"" Non-resonant background _;
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Dimuon counts / (30 MeV/c¢)

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

ALICE
YY —> U cross section

Good agreement of simulation and data
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da/dy [nb]

)/, y(25) in pp@7 TeV
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ALICE J/v in Pb-Pb — forward
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ALICE J/w in Pb-Pb
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Counts per 20 MeV/¢?
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Dimuon counts / (20 MeV/c?)

ALICE Exclusive J/w in p-Pb
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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 2t 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.
2022-11-30 Adam Matyja - Exclusive quarkonium production at the LHC 47



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)

- PreCISe and new N§105 . ALICE Simulation SuperGhic4.0 E
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Feasibility studies for ALICE 2 and 3
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T anomalous magnetic moment

* Anomalous magnetic moment:

— a. P =-0.018(17) (DELPHI, EPJC 35 (2004) 159) s "'

— a.°M=0.00117721(5) (S. Eidelman and M. g
Passera, Mod. Phys. Lett. A 22, 159 (2007)) i °E

= Cross section and 1 kinematics sensitiveto a, ¢ [
— L. Beresford and J. Liu, PRD 102 (2020) ¥ OF
113008 ok

— M. Dyndat et al., PLB 809 (2020) 135682 -

— Burmasov et al., arXiv:2203.00990 (2022) 'E

a. sits here
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M. Dyndal et al, Phys. Lett. B 809 (2020) 135682
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ALICE3 LOI: CERN-LHCC-2022-009
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do"™ / dp"*** """ [nb / GeV]

— 1T,y CN = pion

— Ty ch = lepton 3
TITSr,h
—sum
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