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Proton structure %

ALICE
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* Active search for saturation at low x! _ QA(Y)
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Nuclear structure %

ALICE

* Nuclear shadowing effects on gluon PDFs at low x
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* Onset of saturation is expected to depend on the atomic mass number L

—> Saturation may contribute to nuclear shadowing!
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Ultra-peripheral collisions %

ALICE

* Hadronic interactions are suppressed

—3 Photon-induced reactions

>_ ________________
can be measured at the LHC! S AAAAAS
~ N\~

* Photon-induced reactions also contribute at b < 2R:

* J/Y excess at very low p; — ALICE!L3!

* Dielectron excess at very low p — ALICE[?

[1] ALICE: Phys. Rev. Lett. 116 (2016) 222301, [2] ALICE: CERN-EP-2022-068 , [3] ALICE: CERN-EP-2022-071 e
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Photoproduction %

ALICE

Xe, Pb Xe, Pb

Y : 0°, Iy, W (y,p7)
Wy p, Xe, Pb ; :
p, Xe, Pb Tt p, Xe, Pb
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Photoproduction %

ALICE

Photon emission
e Flux intensity ~ Z?2

e Photon energy given by Pb boost

- “ @
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Photoproduction %

ALICE

Photon target interaction

® In LO collinear pQCD:

. 3 3 2
Photon emission doyiasjpra|l  _ Mjpplee™ as(Q )[ng(x QZ)]Z
e Flux intensity ~ Z> dt =0 48aemQ°

M.G. Ryskin, Z.Phys. C57 (1993) 89-92

e Photon energy given by Pb boost \.
. J
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Photoproduction %

ALICE

e PerturbativeQCD (2 ~ —

® Clear experimental signal:
e Large lepton branching ratios
e Small decay width

e Exclusive production

Photon target interaction

® In LO collinear pQCD:

Photon emission doyasypea|  _ Mipgleem*as(@%) [xga(x, @2)]°
= 1(x,
e Flux intensity ~ Z> dt =0 48aemQ°
) M.G. Ryskin, Z.Phys. C57 (1993) 89-92
e Photon energy given by Pb boost \.
. J
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Photoproduction p; signature %

ALICE

° Photon interacts with the whole nucleus: p; = 60 MeV/c ~ 1/R;,

* Coherent (Pb-Pb) - Target ion stays intact

Coherent
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Photoproduction p; signature %

ALICE

° Photon interacts with the whole nucleus: p; = 60 MeV/c ~ 1/R;,

* Coherent (Pb-Pb) - Target ion stays intact

Coherent
* Photon interacts with single nucleon: p; = 300 MeV/c ~ 1/R
* Incoherent (Pb-Pb) - Target ion breaks, nucleon stays intact o
* Exclusive (p-Pb) - Target proton stays intact
Exclusive Incoherent
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Photoproduction p; signature %

ALICE

° Photon interacts with the whole nucleus: p; = 60 MeV/c ~ 1/R;,

* Coherent (Pb-Pb) - Target ion stays intact

Coherent

* Photon interacts with single nucleon: p; = 300 MeV/c ~ 1/R
* Incoherent (Pb-Pb) - Target ion breaks, nucleon stays intact o

* Exclusive (p-Pb) - Target proton stays intact

Exclusive Incoherent
° Photon interacts with single nucleon and excites it: p; = 1 GeV/c
* Dissociative (p-Pb) - Target proton breaks ©
* Dissociative (Pb-Pb) - Target nucleon breaks as well as the ion
Dissociative Dissociative @
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Photoproduction kinematics %

ALICE

* LHC is a Light-Hadron Collider at the highest available energies

* Many photoproduction processes can be studied in ALICE —> Vector meson production

Xe, Pb Xe, Pb

p% JAy, W(y, p?)

)

\

2 »
Wyp,X e,Pb :

QQ QOO
SE0L0501000

p, Xe, Pb t p, Xe, Pb
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Photoproduction kinematics %

ALICE

* LHC is a Light-Hadron Collider at the highest available energies
* Many photoproduction processes can be studied in ALICE —> Vector meson production

* Bjorken-x evolution of the parton distribution Xe,Pb Xe, Pb

M
—>  x= —Ze®y

SNN O
g3
Wyp,Xe,Pb ; = =

p, Xe, Pb Tt p, Xe, Pb
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Photoproduction kinematics %

ALICE

* LHC is a Light-Hadron Collider at the highest available energies
* Many photoproduction processes can be studied in ALICE —> Vector meson production

* Bjorken-x evolution of the parton distribution Xe,Pb Xe, Pb

Mym
—_— X = ety
vV SNN

* Centre-of-mass energy of the photon—target system

pO, J/Ws \I”(y, p%‘)

)

\

2 '
2 _ + Wyp,Xe,Pbi
—> Wi, xery = 2EpxeppMyme™ g

QQ QOO
SE0L0501000

p, Xe, Pb t p, Xe, Pb
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Photoproduction kinematics

ALICE

* LHC is a Light-Hadron Collider at the highest available energies
* Many photoproduction processes can be studied in ALICE —> Vector meson production

* Bjorken-x evolution of the parton distribution Xe,Pb Xe, Pb

Mym
—_— X = ety
vV SNN

* Centre-of-mass energy of the photon—target system

pO, J/Ws \I”(y, p%‘)

)

_ + o S
é —_— ZEp,Xe,PbMVMe y O C
* Transverse-plane distribution of the partons
-3 2D Fourier transforms p, Xe, Pb Tt p, Xe, Pb
to the |t| (~ p%) dependence
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ALICE detector in Run 2
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ALICE ®

ALICE
Inner Tracking System
Time of Flight (ITS)g !
o (TOF) ‘ Silicon detector
Resistive plate chambers  |RESEEFNA 5= | Triggering, tracking
Triggering, PID :

P

~ Y 4 ~ "
» - = ’ I|l|l” |"l
I/I//// N o\ h ]
/7//// /.,{/v: e ,/l' 1 .

Time Projection Chamber
(TPC)

Gas detector

\ Tracking, PID
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ALICE ®

ALICE

Inner Tracking System
(ITS)
Silicon detector
Triggering, tracking

Time of Flight
(TOF)
Resistive plate chambers

Triggering, PID

Muon Trigger

| N EST g 0 :, Resistive plate chambers
l,i////nﬁ.ﬁ A\ g tobbiite Triggering
§oi @ [~

Time Projection Chamber
(TPC)

Gas detector

Tracking, PID

Muon Tracker
Cathode pad chambers
Tracking
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ALICE

Time of Flight
(TOF)
Resistive plate chambers

Triggering, PID

Zero Degree Calorimeter )
(zDC)

Scintillator counter

Forward hadronic activity J

AD

g

/SN \ e wolll o
- < ,]5#4

Scintillator counter
Veto activity

Time Projection Chamber
(TPC)
Gas detector
Tracking, PID

Muon Tracker
Cathode pad chambers
Tracking

Tomas Herman Recent results on J/3 photoproduction in UPCs with ALICE

(B

ALICE

Inner Tracking System
(ITS)
Silicon detector
Triggering, tracking

Muon Trigger
Resistive plate chambers
Triggering

ZDC

ALICE Diffractive
(AD)
Scintillator counter
Veto activity
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PREVIOUSLY ON ALICE - Coherent J/¢Y: y - dependence %

ALICE

14 ALICE Pb+Pb — Pb+Pb+J/y s, = 5.02 TeV

1 ALICE coherent J/y
- - = - Impulse approximation
SEEEEY STARLIGHT
—— EPS09 LO (GKZ)
———— LTA (GKZ)
P IIM BG (GM) - -
— — |Psat (LM) -7
- BGK-I (LS) -7
- - -- GG-HS (CCK)
— — b-BK (BCCM)

do/dy (mb)
N

* Models with shadowing (EPS09, LTA) and saturation (GG-HS): 10

_________
- =~
-~

* Describe central and forward data

* Underestimate semi-forward data

=3 No model describes the full rapidity dependence

0_| | | I | I | | | |

ALICE: Eur. Phys. J. C 81 (2021) 712 y
ALI-PUB-482756
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PREVIOUSLY ON ALICE - Coherent J/¢Y: y - dependence %

ALICE

ALICE Pb+Pb — Pb+Pb+J/y sy, = 5.02 TeV

1 ALICE coherent J/y
- - = - Impulse approximation
SEEEEY STARLIGHT
—— EPS09 LO (GKZ)
———— LTA (GKZ)
— IIM BG (GM) - -
— — |Psat (LM) -7
- BGK-I (LS) -7
- - - - GG-HS (CCK)
— — b-BK (BCCM)

do/dy (mb)
N

* Models with shadowing (EPS09, LTA) and saturation (GG-HS): 10

- o
- =~ -
-

- -

* Describe central and forward data

* Underestimate semi-forward data

=3 No model describes the full rapidity dependence

What more can we learn from
the data? 0y e

ALICE: Eur. Phys. J. C 81 (2021) 712 y
ALI-PUB-482756
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The ambiguity riddle

ALICE

Photon-target
cross section

dopppp (V)
dy

— Ny (y)o-be ()

Pb Pb

H Jhy

Pb Pb
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The ambiguity riddle

ALICE
Photon-target ‘
~ cross section
dopppp (V) &
o = W OIovee@) + Ny (—Y)oyen(=y)

Ll Jhy Jhy

Pb Pb Pb Pb
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The ambiguity riddle

ALICE
Photon-target )
~ cross section

= Ny ()ayen )|+ Ny (~7)oyen ()

dopppp (V)
dy

2 — +
Wyp,Xe,Pb _ ZEP,XB,PbMVMe Y Pb Pb Pb Pb

* At mid rapidity \/

* Both contributions are same 1 ' "
ji Detector
Pb Pb Pb Pb
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The ambiguity riddle %

ALICE
Photon-target ‘
~ cross section
dopppp (V) &
o = W OIovee@) + Ny (—Y)oyen(=y)
W]Z/p,XQ,Pb — ZEP,XQ,PbMVMe-T_y Pb Pb Pb Pb

* At mid rapidity \/

* Both contributions are same 1 ' "

tector Detector

* At forward rapidity .

Pb Pb Pb
Low E photon High x gluons High E photon Low x gluons

* Contributions are different
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The ambiguity riddle

2 _ +
Wyp,Xe,Pb — 2Ep,Xe,PbIWVMe y
* At mid rapidity

* Both contributions are same

* At forward rapidity

* Contributions are different

95% contribution from
low-energy photons!

Tomas Herman
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> 12— Y
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B | --- STARLIGHT
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ALICE: Eur. Phys. J. C 81 (2021) 712
ALI-PUB-482756
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Coherent J/Y: Energy dependence — ALICE Run 1 data %

ALICE
Bjorken-x
1072 10°° 107 107
_ L [ I | T 1T 171 I I | L I I | L I [ | i
210° =
a [ _
Q- B i
% & Guzey etal., using ALICE Pb-Pb {5, = 2.76 TeV (PLB 726 (2013) 290-295) ]
) Contreras, using ALICE Pb-Pb |s,,, = 2.76 TeV (PRC 96 (2017) 1, 015203)
10° E
N 5 _
10 E
i ] ] 1 | | ] L1 I ] | 1 1 | | 1| | i
20 30 4050 10° 2x10? 10°

W o, (GEV)
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Coherent J/Y: Energy dependence — ALICE Run 1 data %

ALICE
Bjorken-x
1072 10°° 107 107°
_ L [ I | T 1T 171 I I I L I I | L I [ | i
210° =
a = -
Q- B i
% & Guzey etal., using ALICE Pb-Pb {5, = 2.76 TeV (PLB 726 (2013) 290-295) ]
) Contreras, using ALICE Pb-Pb |s,,, = 2.76 TeV (PRC 96 (2017) 1, 015203)
102 = No ambiguity at mid rapidity —
N 5 _
10 E
i ] ] 1 | | ] L1 I ] | 1 1 | | 1| | i

20 30 40 50 107 2x10? 10°
W. ey, (GeV)
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Coherent J/Y: Energy dependence — ALICE Run 1 data %

ALICE
Bjorken-x
1072 10° 107 107°
_ L [ I | T 1T 171 I I | L I I | L I [ | i
210° =
a . ]
o B _
% & Guzey etal., using ALICE Pb-Pb {5, = 2.76 TeV (PLB 726 (2013) 290-295) ]
) Contreras, using ALICE Pb-Pb |s,,, = 2.76 TeV (PRC 96 (2017) 1, 015203)
102 = No ambiguity at mid rapidity —
B 5 _
10 E
n 13 H 95% low energy contribution ]
B + Guzey et al, Phys.Lett. B726 (2013) 290-295 _
] ] | | | ] L1 I ] | | 1 | | 11 |

20 30 40 50 107 2x10? 10°
W. ey, (GeV)
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Coherent J/Y: Energy dependence — ALICE Run 1 data

10°

(YPb) (ub)

10

Bjorken-x
1072 1073 1074 107°

7 Guzey et al., using ALICE Pb—Pb |s,,, = 2.76 TeV (PLB 726 (2013) 290-295)
) Contreras, using ALICE Pb-Pb |s,,, = 2.76 TeV (PRC 96 (2017) 1, 015203)

No ambiguity at mid rapidity

ALICE

AN

I
-

Using UPC and peripheral results

(same rapidity, different impact parameter)

ﬁ; H 95% low energy contribution

Guzey et al, Phys.Lett. B726 (2013) 290-295

] ] lIlIIII ] 1 Illllll

20 30 40 50 107 2x10? 10°
W. ey, (GeV)

J. G. Contreras,Phys.Rev. C96 (2017) 015203
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. . . . uzey, Strikman, Zhaloy, ( )
Ambiguity riddle - neutron tagging e s S SRET IR

ALICE

Pb Pb H
~ Electromagnetic

excitation

Forward neutron emission

t Pb \r'l
Pb
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. . . . uzey, Strikman, Zhaloy, ( )
Ambiguity riddle - neutron tagging e s S SRET IR

ALICE

ALICE Pb-Pb UPC |, = 5.02 TeV

Pb Pb 1 < 8 1 aim mm 3
~ Electromagnetic 3 . 410
excitation S E ]
S
9 102
Y Jhy N

Forward neutron emission

1 I72 1 1 0 L 1 L 2 1 1 1 4 1 1 1 6 L L 8
ALICE: JHEP 06 (2020) 035 ZNA energy (TeV)

t Pb "_l
Pb

OnOn

Same rapidity, different
impact parameter range

XnXn
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1 1 1 . uzey, Strikman, Zhalov, ( )
Ambiguity riddle - neutron tagging uzey,Strkman, Zhalov, EP) €74 (2014) 2942 %

ALICE

ALICE Pb-Pb UPC |, = 5.02 TeV

Pb Pb 1 < 8 B e e
~ Electromagnetic 3 T :
excitation S
‘ o
(@]
=
Y Jhy N
— Forward neutron emission J\)
t Pb 2
Pb
ALICE: JHEP 06 (2020) 035 ZNA energy (TeV)
uation! OnOn

Allows to solve the eq Same rapidity, different

impact parameter range

vl XnXn

d
0] _ )y ) + My ()| v
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Coherent ]/1y: Energy dependence — Run 2 data ]VEI/V %
. /

ALICE

Unprecedent range with ALICE data!

Bjorken-x

1072 1073 107 107°
3 3IIT I I |l||||l I T |III]TI T I ||TIIII I T Illl
10° —
:’j_: — ¢ ALICE Preliminary, Pb—Pb |s,,, = 5.02 TeV -
= L 4 CMS, Pb-Pb |5 = 5.02 TeV (arXiv:2303.16984) _
% | Guzey et al., using ALICE Pb-Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) 1

) Contreras, using ALICE Pb—Pb |s,, = 2.76 TeV (PRC 96 (2017) 1, 015203)
10° E
- A [$] []L] i
i = e - ]
[e]
[e]

10 m+ E
i | | | | | | | | | | | | | | | | | | |

20 30 4050 10? 2x10? 10°

W.ppn (GEV)
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Coherent ]/1y: Energy dependence — Run 2 data ]VEI/V %
. /

ALICE

Unprecedent range with ALICE data!

. Bjorken-x
1072 10° 107 10°

3103I|T I I ||I|IIl I T |IIIITI T I ||TIIII I T Illl

= = - =

g = ¢ ALICE Preliminary, Pb—Pb |s,,, = 5.02 TeV =

= L 4 CMS, Pb-Pb |5 = 5.02 TeV (arXiv:2303.16984) _

% i 0 Guzey et al., using ALICE Pb—Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) |

) Contreras, using ALICE Pb—Pb |s,, = 2.76 TeV (PRC 96 (2017) 1, 015203)
10° E
10 — ]

Agreement with Run 1 results @
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Coherent ]/1y: Energy dependence — Run 2 data ]VEI/V %
. /

ALICE

Unprecedent range with ALICE data!

Bjorken-x

1072 1073 107 107°
3103;|T I I ||I|IIl I T |III]TI T ! |ITIIII I T ll:
f ~ ¢ ALIGE Preliminary, Pb-Pb |5, = 5.02 TeV .
= - & GMS, Pb-Pb |5, = 5.02 TeV (arXiv:2303.16964) _
% i 0 Guzey et al., using ALICE Pb—Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) |

) Contreras, using ALICE Pb—Pb |s,, = 2.76 TeV (PRC 96 (2017) 1, 015203)

ALICE-CMS results consistent
10?

I IIIIII‘

10

IIIIH|

Agreement with Run 1 results @
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Coherent ]/1y: Energy dependence — Run 2 data ]VEI/V %
. /

ALICE
* L TA (shadowing) and GG-HS, b-BK-A (saturation) 102 103 104 BJorﬁ%“gx
® Describe hi h ener data 3 3 I_I I I I | 7T 1T 171 I I | T T T T T I T | T T 17T I I I | I:
5 2 S 107 4 ALIGE Preliminary, Pb-Pb (S = 5.02 TeV -
: . . Q ~ & CMS, Pb-Pb \s, = 5.02 TeV (arXiv:2303.16984) _
[ J NN
Impu Ise approximation and STARlIght ES_; - m Guzey et al., using ALICE Pb—Pb \s, = 2.76 TeV (PLB 726 (2013) 290-295) ]
: o - i _ - -=7
e Describe low energy data A Contreras, usmg ALI_CE Pb—Pb s, = 2.76 TeV (PRC 96 (2017) 1, 01530’3), _ |
- - Impulse approximation -
-~ STARlight PR

10°— — EPS09 LO e

No prediction captures the full
energy evolution N

E ]
=
[ I..\-I."-I | 1 |

|

10

T TTTI

20 30 4050 102 2102 10°
W, ey, (GEV)
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Coherent J/Y: Energy dependence — Run 2 data

(B

ALICE

]V'EW/

* Nuclear suppression factor - approximate measure of nuclear shadowing

Spp = <

do
dy

)l

do
dy

)

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Bjorken-x

1072 1072 1074 107°

T T I |IIIIII T T IIIIIIII I

¢ ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV

¢ CMS, Pb-Pb |s,, = 5.02 TeV (arXiv:2303.16984)

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)

||I|T|l T I

- - Impulse approximation ----LTA
--- STARIight ----GG-HS
— EPS09 LO ---- b-BK-A

|III|III|HI|HI|I

20 30 4050 107
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Coherent J/Y: Energy dependence — Run 2 data

* Nuclear suppression factor - approximate measure of nuclear shadowing

Spp = <

do
dy

)l

do
dy

1.8
1.6
1.4
1.2

)

No shadowing at

low energy?

0.8
0.6
0.4
0.2

1072 1072

]V'EW/

1074

(B

ALICE

Bjorken-x
107

[ ‘

] .
A ,
1 .

T T I |IIIIII T T IIIIIIII

¢ ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV
¢ CMS, Pb—Pb |s,, = 5.02 TeV (arXiv:2303.16984)

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)

- - Impulse approximation
--- STARIight
— EPS09 LO

I ||I|T|l T

- LTA
----GG-HS

-~ b-BK-A

|III|III|HI|HI|I

20 30 4050 107
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Coherent J/Y: Energy dependence — Run 2 data

do do

sm= (@), /&

No shadowing at

low energy?

at high energies?

Flattening of the trend

ALICE
* Nuclear suppression factor - approximate measure of nuclear shadowing

Bjorken-x

) 1072 10°° 107 107°
o] _ITI T I |IIIIII T T IIIIIII I I ||I|T|l T I |III
»» [ ¢ ALICE Preliminary, Pb-Pb S, = 5.02 TeV .
A 1.8 ¢ CMS, Pb—Pb |s,, = 5.02 TeV (arXiv:2303.16984) ]
16 —- & Guzey et al., using ALICE Pb—Pb \Syn = 2.76 TeV (PLB 726 (2013) 290-295) _:
T A Contreras, using ALICE Pb—Pb |s,, = 2.76 TeV (PRC 96 (2017) 1, 015203) 7]
1.4 - - Impulse approximation -~ LTA —
~ --- STARIight ----GG-HS ]
1.2~ —EPso9LO — - b-BK-A -
0.8 ‘-q.:ﬁ?:?:-‘f.‘_f.___ - —
0.6 T e
W EE@-'F‘E=$~ 7
0.2 —
0 : | | | 1 1 | | | | | | | | | | | ]

20 30 40 50 107 2x10? 10°
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PREVIOUSLY ON ALICE - Coherent J/y:|t|- dependence %

* Sensitive to the average of the transverse spatial

distribution of the target

Tomas Herman

ALICE
°.T>'" 10 ALICE Pb+Pb — Pb+Pb+J/y sy, = 5.02 TeV ]
()] —
S) ALICE coherent J/v, |y|<0.8 n
O : -+ Experimental uncorrelated syst. + stat. |
@] NS .
= B % ' Experimental correlated syst. i
— N UPC to yPb model uncertainty
— L . _
o ——
S : -
o}
©
1= .
 — STARIight (Pb form factor) . i
~ —-- LTA (nuclear shadowing) AN .
~  — -b-BK (gluon saturation) S
N \
B <O ]
N
N\ RN
| N . |
g o .
o ol o STARIight / Data_|
e 151 i - o LTA/Data B
R i o v b-BK/Data
B L I A A A SRR S Emmm
= 0 0.002 0.004 0.006 0.008 0.01 0.012
2 -
ALI-PUB-482681 t| (GeV” ¢ 2)

ALICE: Phys. Lett. B 817 (2021) 136280
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PREVIOUSLY ON ALICE - Coherent J/y:|t|- dependence

* Sensitive to the average of the transverse spatial
distribution of the target

* Differs from STARIlight (driven by the nuclear form
factor) in shape and magnitude

-3 |t| dependent QCD dynamical effects!

Tomas Herman

do, p,/dlt] (mb ¢? GeV?)

10

ALICE Pb+Pb — Pb+Pb+J/y \s,, =5.02 TeV

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

1= .
| — STARIight (Pb form factor) ‘ i
~ —-- LTA (nuclear shadowing) ANERN .
~  — -b-BK (gluon saturation) i S
N \
i N i
NN
N\ RN
| NI . |
©
© oL © o STARlight/Data_|
e 151 i : o LTA/Data B
R i o v b-BK/Data
T Ippep—g— e Lo
= 0 0.002 0.004 0.006 0.008 0.01 0.012
2 -
ALI-PUB-482681 |t| (Gev c 2)

ALICE: Phys. Lett. B 817 (2021) 136280
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PREVIOUSLY ON ALICE - Coherent J/y:|t|- dependence %

ALICE
([ J 1+1 .
Sensitive to the average of the transverse spatial < 10 ALIGE PoxP > PorPbrlly Vo= —502TeV =
° ] ] Q) | —
distribution of the target SRy ALICE coherent J/y, yl<0.8 .
O : '\ . —+ Experimental uncorrelated syst. + stat. :
* Differs from STARIlight (driven by the nuclear form £ | === Experimental correlated syst. |
et RN UPC to yPb model uncertainty
factor) in shape and magnitude 5 | g T
& NN
o | B
©

-3 |t| dependent QCD dynamical effects!

1= .
* Models based on pQCD describe data within current - — STARIght (Pb form factor) N ]
~ —-- LTA (nuclear shadowing) ANERN .
uncertainties: - —-b-BK (gluon saturation) ; S
NN
i N 1
* Nuclear shadowing (LTA) N \
L L L L | AN EN L |
1]
* Gluon saturation (b-BK) S 2r ) *  © STARIight/Data_|
— - : o LTA/Data |
. : D 1.5 . 77 . v b-BK/Data
* Future measurements should allow to distinguish QI — o —
= 0 0.002 0.004 0.006 0.008 0.01 0.012

between the predictions . it (GeV? ¢?)

ALICE: Phys. Lett. B 817 (2021) 136280 @
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ALICE

Incoherent J/:|t|- dependence ]VEI’V %
. /

" . G
* Sensitive to the fluctuations of the > L, ALICE, Pb-Pb UPC sy =5.02 TeV
e e 0] F ALICE incoherent Jiy, |y| < 0.8
transverse spatial distribution of the target o  ["==41, ~ Uncorrelated stat. + syst.
E NG RN Correlated syst.
= . \ —+—-.\_“ "~~
Q.D 1071 ‘ N >, ] TemTTeeell
bn.‘;- : "’., \\ 1 .~ TEeel -
L MR \ ~ RS
© ‘Y ~ ~ o
- ‘Y ~N ~ 1 S~
"\ ~N S |
- ~ .
., ~ e,
B \\ ,
\Q.,~
i S
- &= MS-hs T~~~
‘v, “ S~
10°— -= MS-p T
[ —e - GSZ-el+diss S
[ -e- GSZ-el
| | . |
T 20F
(DU 1.5 e - - -
N N mmmeneeee e —— I
° 057 ¢ ¢ 0 :
(23 0 0 L 1 I | 1 1 1 | L 1 1 | L L@, | | ! 1
. 0.2 0.4 0.6 0.8 1.0
ALICE: arXiv:2305.06169 |t| (GeVZ)
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Incoherent J/y:|t|- dependence

]VEW/

(B

ALICE

* Sensitive to the fluctuations of the > L ALICE, Pb-Pb UPC sy =5.02 TeV
. . . . O _}:ﬂ‘\,‘_ ALICE incoherent J/y, |y| < 0.8
transverse spatial distribution of the target <o L ~ Uncorrelated stat. + syst.
E NG KL R IO Correlated syst.
. : e = Lk N l Tt
No model describes the data quantitatively = 102 N g T
o B ‘e S
— - ‘e N T Sa o
© B ., ~ RN
* No subnucleon structure - GSZ-el, MS-p T i NN .. . oo
WS - |
. B "~, ~ "‘s‘
* Subnucleon structure - GSZ-el+diss, MS-hs i N
., \\\‘\'*,'.’.
i 2
- #1- MS-hs \:"\
‘., ‘~ ~
103 -= MSp T
~ —= - GSZ-el+diss .,
_ -e- GSZ-el
| | i |
S 20F
(DU 1.5 e - - -
e S A--mmmenee L R ERELEL L L LR e
(23 0 0 1 1 1 | 1 : 1 | 1 L I l ! L@, | I : 1
j 0.2 0.4 0.6 0.8 1.0
ALICE: arXiv:2305.06169 |t| (GeVZ)
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Incoherent J/y:|t|- dependence ]VEI’V/

ALICE
* Sensitive to the fluctuations of the > L ALICE, Pb-Pb UPC {syy = 5.02 TeV
. . . . 0] _’*:ﬂ"\h ALICE incoherent J/y, |y| < 0.8
transverse spatial distribution of the target <o L ~ Uncorrelated stat. + syst.
E NG | KL R IO Correlated syst.
o N i I I = —2 N ""\ -‘.“.
o model describes the data quantitatively = 102 N e T
n:>- : "‘.l. \ . 1 ~ T ..
* No subnucleon structure - GSZ-el, MS-p S i SN .. | o]
. ~N S |
. — ~,.‘ ~ N
* Subnucleon structure - GSZ-el+diss, MS-hs i N
., ~ “s
—> Shape favoured by data! i S,
- &- MS-hs \"’:’;‘\
103 -= MSp "'..,_:""-s.,
| —e - GSZ-el+diss "'~,. "s,\“
. . “ - e GSZ-el
Probing for gluonic ,hot spots - > | W
g 20F
[ ] [ ] [ ] (U
in Pb for the first time! S 155 , @ ° )
i ] e oo s
3 05/¢ ¢ ¢ 0 -
(23 0 0 1 1 1 | 1 L 1 | 1 L L l 1 T | L L 1
; 0.2 0.4 0.6 0.8 1.0
ALICE: arXiv:2305.06169 |t| (GeVZ)
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Outlook: LHC Runs 3 & 4 ®

ALICE

* Lincrease - 1 nb? (Run2) = 13 nb! (Runs 3+4)

* Continuous readout — higher data collection efficiency
* Significant detector upgrades

®* 0-0O run — new system size

—> Many more collisions to be recorded by ALICE!

PbPb pPb - lead shine, vp

entral 1 Forward 1 Ctl. 1 FW 1

Meson Total Total 1 Meson Total Total

p— T 55B 419B | [ portn 39B 20B

Pt ataT 210 M 190 M ¢ - KK 65 M 22M

¢ — KK~ 82 M 15M Vo — ptp” 1.0M 260 K

I — 1.1M 600 K V(28) = p 22K 6.0 K

B(28) = T 35K 19K Y(1S) = ptpu” 11K 310
Y(1S) — pt 28K 880

CERN Yellow Rep.Monogr. 7 (2019) 1159-1410
CERN Yellow Rep.Monogr. 7 (2019) 1159-1410

Tomas Herman Recent results on J/3 photoproduction in UPCs with ALICE Blois 2023



A

Conclusion

\divg



Conclusion &
' ALICE

* Energy dependence of the photonuclear cross section in Bjorken-x range (10,10%)

* Data and models with shadowing or saturation agree at low x but diverge at high x

* Transverse parton structure of Pb
* Models with shadowing or saturation describe the coherent |t| dependence

* Models with subnucleon structure are preferred by the incoherent |t| dependence

* Major improvements for Runs 3 & 4:

* Increased precision, more differential measurements and new measurements

—> Plenty of new results to discriminate model predictions!
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Coherent |/ cross section %

ALICE
* \ery clear signal * Measured in 3 decay channels: u*u~,e*e™, pp
% - o 48
S 1400 ALICE, Pb—Pb |5, = 5.02 TeV £ : ALICE, Pb-Pb |s, = 5.02 TeV
= r - T b UPC, Ly = 233 + 6 pb”
81200_— ﬂ ‘J/‘V_)“ H _"g"' 44:_ s Hint — H
g L UPC, L, = 233 + 6 ub 3 h
2] — -
5 1000~ |y <0.8 p < 0.2 GeV/c 421 :D
@) B [
a0l It Ny, = 3120 + 61 ”
E N, =58+ 15 5
o001 x?/dof = 0.86 - !
~ 3.6 —
400— -
L 3.4
2oow 32l
0 B L l 1 1 1 [ 1 | | jlw 3 B | | |
2.6 2.8 3 3.2 3.4 3.6 3.8 4 Jy - uru Jy —-ete Jv—pp
ALICE: arXiv:2101.04577 [nucl-ex] m,, (GeV/c?) ALICE: arXiv:2101.04577 [nucl-ex]
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Coherent ' cross section

* Clear signal even with less events

oy 30
s [ ALICE, Pb—Pb |5, = 5.02 TeV
() -
= o
S 25 Y o ut
g T UPC, L, = 233+ 6 b’
[72] -
S 20— |y|<0.8 pr < 0.2 GeV/c
5 201
O -
i N, =538
15_—
101
5 +
|_| | | | L1 1 | | IHl II { IIII ||_|\|_I 1 | MI*IHIHI{{+I ||_||
%.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5

ALICE: arXiv:2101.04577 [nucl-ex]
ALI-PUB-482726

Myune (GEV/C?)

* Measured in 3 decay channels:

utumtn et

e i, 1T

—~ 12r
€ F ALICE, Pb—Pb |5y = 5.02 TeV
g E UPC, Liy = 233 £ 6 b’
3 1
0.9

0.6

0.5

1T I|I T I|I T |I

0.4 '

V' optpnt
ALICE: arXiv:2101.04577 [nucl-ex]
ALI-PUB-482751

VY seen (|

ALICE
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Coherent ]J/1 cross section: y - dependence %

ALICE

* Impulse approximation (IA): Photoproduction data from protons,
does not include nuclear effects except coherence

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

[ ALICE coherent J/y

- Impulse approximation
TETEE STARLIGHT

—— EPSO09 LO (GKZ)
———— LTA (GKZ)

ST IIM BG (GM) Phe -
— — |Psat (LM) -7

. BGK-I (LS) R

- - -- GG-HS (CCK)

— — b-BK(BCCM) -~

* STARIight: Photoproduction data from protons + Vector Meson
Dominance model, includes multiple scattering but no gluon shadowing

do/dy (mb)
S

10

______
______
- -

* EPSO09 LO: parametrization of nuclear shadowing data

* LTA: Leading Twist Approximation of nuclear shadowing

* [IM BG, IPsat, BGK-I: Color dipole approach coupled to the
Color Glass Condensate formalism with different assumptions on the

dipole-proton scattering amplitude

* (GG-HS: Color dipole model with hot spots nucleon structure

* pb-BK: Color dipole approach coupled with impact-parameter
dependent Balitsky-Kovchegov equation o | | | | | | | .

1
ALICE: Eur. Phys. J. C 81 (2021) 712 y
ALI-PUB-482756
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Exclusive and Dissociative J/1 signal extraction

e Simultaneous unbinned fit of mass and p spectra of u*u~ pairs

)

w
(=
o

b 5 o : B 220
= - ALICE Preliminary 5 > 500
Q@ 250 . D
E - p-Pb sy, =8.16 TeV . E 180
Al = . Al
S 200__2.5<y<4.0 E & 160
[ [ p.< 3.0 GeV/e i [%) 140
c E 1 =
2 150 — sum = 3 120
& IEEEEEE Exclusive J/y ] © 100
c - - Dissociative J/y . g :
g 100 I J/y from yPb - > 80
e C .- Exclusive yy 7 g sl 2
O - - Non-exclusive bkg. . o) ¢
50 - 5 40
E = 20
0 S = - 1 o2 > o BT lid o -
O = - = - - - -
26 26 2@ 28 99 g 9] 25 g 04 ok 0 0.5 1

M, (GeV/c?)

ALICE Preliminary

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

2.5 < M,, < 3.5 GeV/c?

—— Sum

----- Exclusive J/y
----- Dissociative J/y
----- J/y from yPb

----- Exclusive yy

----- Non-exclusive bkg.

s nn mmnam e

ALICE
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Run 1 ALICE Pb-Pb UPC at \/Syy = 2.76 TeV ®

ALICE

fE:‘ 8 Pb+Pb — Pb+Pb+J/y |s,,=2.76TeV  a)
= | -e--ee- AB-MSTW08
> 7F _--_ css e ALICE Coherent J/y
O — - AB-HKNO7 je— o Reflected
3 — — STARLIGHT

6 '''''' GM ‘0‘. ’Q’

SIEY LM-fIPSat
5 ----- AB-EPS09 g 8
RSZ-LTA S PR !

Phys. Lett. B 718 (2013) 1273-1283 y
ALI-PUB-66209
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Run 1 ALICE p-Pb UPC at /Syy = 5.02 TeV

ALICE
X
5 16+ 107° 107 10"
3 10 -l L) Illllll 1) L] Illllll L] L] Illllll L) L] Illllll L]
c - @ ALICE
a L ¢  ALICE (PRL113 (2014) 232504)
; - [ Power-law fit to ALICE data
= - O Hf
T L v ZEUS
- e) LHCb pp (W+ solutions)
% O  LHCb pp (W- solutions) 7
2 ~ Y Y -
18 o ----- ccT 5
2w e JMRT NLO ]
---------------- STARLIGHT param. e
G NLO BFKL 7
] CGC (IP-Sat, b-CGC)
S
©
©
e
@
(0]
O
(@}
=
2 L 2 2 2 2 2 21 2 2 2 2 2 2 " PR | .
20 30 40 50 60 102 2x10? 10°
ALI-PUB-343701 W,, (GeV)
ALICE: Eur. Phys. J. C (2019) 79: 402
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Coherent p' cross section: A - dependence %

°* Measurement with Pb and Xe collisions ——> Study of the A dependence!
2.5

! @ ALICE y-Xe

* Power-law fit: a = 0.96 + 0.02 /' m ALICE y-Pb

* Below coherent =——> Shadowing - ';" L ]:![1 ;YspA“
B : - Yo
* Value close to incoherent is a coincidence " 15l :,-" ===: CCKT /
caused by large shadowing effect ST __,:' Bl GKZ P
* Black-disc limit distant at W, , = 65 GeV % NS T conerentien A
o) Y . incoherent: o, A
A black disk: 6, A%
* Models agree with the data: 0> :_ ------------------------------------------------------------------------------------
* GKZ - shadowing O: e | """" B L
® CCKT - saturation 0 50 100 150 200
ALICE: Phys. Lett. B 820 (2021) 136481 A
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Coherent ]J/1 cross section: y - dependence %

ALICE

* Nuclear suppression factor: forx € (0.3,1.4) - 1073 ALICE Pb+Pb — Pb+Pb+J/iy |5, = 5.02 TeV

do do
Spp = (@Lm / (@IA — 0.65+0.03

* Models with shadowing (EPS09, LTA) and saturation (GG-HS): 8

* Describe central and forward data

[ ALICE coherent J/y
- - = - Impulse approximation
TETEE STARLIGHT
—— EPSO09 LO (GKZ)
——— LTA (GKZ) _leemmammeel
ST IIM BG (GM) Phe
— — |Psat (LM) -7
. BGK-I (LS) R
- - -- GG-HS (CCK)
— — b-BK (BCCM) ’

do/dy (mb)
S

10

6
* Underestimate semi-forward data
* Other models describe either the central or the forward 4
rapidity region

2 iR

-3 N0 model describes the full rapidity dependence le """" o | o |
04 3 2 1 0 :

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

ALI-PUB-482756
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Coherent ' cross section: y - dependence

Nuclear suppression factor: for x € (0.3,1.6) - 1073

Spp = 0.66 +0.06

—3 Consistent with the J/ result

Models with shadowing:
e EPSO9 - agrees
* LTA - agrees

Models with saturation:
* b-BK - agrees
* GG-HS - overpredicts

Other models overpredict the results

(B

ALICE
/-\3.0 1
.CE) - ALICE Pb+Pb — Pb+Pb+y" |s,, =5.02 TeV
> [ [& ALICE coherent y'
% 2.5~ _... Impulse approximation
B [ --- STARLIGHT
. ___ EPS09 LO (GK2)
20— .. LTA (GK2)
- ---- GG-HS (CCK)
- — _b-BK (BCCM)
1.5_—
1.0
0.5 -l e
ar A B T B R

0.0

ALICE: Eur. Phys. J. C 81 (2021) 712
ALI-PUB-482761
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Coherent J/y cross section:|t|- dependence %

ALICE
) “1; 10 ALICE Pb+Pb — Pb+Pb+J/y |s,, = 5.02 TeV —
° From pt-dependent photoproduction to |t|-dependent @ & ]
S’ Na ALICE coherent Jiy, |y|<0.8 ]
phOtOI’] uclear prod uction: O B e <+ Experimental uncorrelated syst. + stat. |
'g i \'*:;\I-\—' Experimental correlated syst. 1
* p%to |t| transition with two different unfolding = | S UPC to yPb model uncertainty |
methods S, SO
o _
b?- — |
* Correction on interference of photon sources ©
* From UPC to photonuclear cross section using the 1 —
photon flux  — STARIight (Pb form factor) ~ i
dZO'COh do - . N i
| /l[l be LTA (nuclear shadowing) N
_— =2n ( = O) L p ' i N T
> yPb Y b-BK (gluon saturation) =
dydp} dit = \
i} S i
y=0 AN \'\
© | AN |
T ol ° o STARIlight/Data_|
e 15- i : o LTA/Data |
—> Probing the transverse partonic structure I e e ——— g oBebaR
I = 0 0.002 0.004 0.006 0.008 0.01 0.012
of the nucleus at low x! 2
ALI-PUB-482681 |t| (Gev C )
ALICE: Phys. Lett. B 817 (2021) 136280 @
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Coherent J/y cross section:|t|- dependence %

ALICE
* Measurement down to very low |t| approaching < 10 ALICE PosPb 5 PosPordy oo =502 7oV .
HERA-like precision! 8 N ALICE coherent Jiy, |y|<0.8 ]
RS : '\ . -+ Experimental uncorrelated syst. + stat. :
: : : Q i e - Experimental correlated syst. 1
* Difference from STARIight (driven by the nuclear 5 “-Ej\ Do b ol ety
form factor) in shape and magnitude ) =T
o | 7
©

—3p |t| dependent QCD dynamical effects!

1= —
* Models based on pQCD describe data within current -~ STARlight (Pb form facton - -
--= LTA (nuclear shadowing) N
uncertainties: - — - b-BK (gluon saturation) = S
; o
i s i
* Nuclear shadowing (LTA) | | | N .\|
(48]
- © - ° o STARIlight/Data_|
* Gluon saturation (b-BK) o 12 D : . Ta/paa |
L L . o 7 bBK/Da
* Future measurements should allow to distinguish g [Ty = l .
T = 0 0.002 0.004 0.006 0.008 001 0.012
between the predictions t| (GeV? ¢?)
ALICE: Phys. Lett. B 817 (2021) 136280 @
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YY — Ul Cross section

ALICE
* yy — uu cross section in the low mass region!
* STARIlight:
* LO QED without final-state radiation or other NLO effects
* No interactions within the radius of the targets P p
_ _ Ng 10t F ALICE Preliminary -
-3 Slight excess in data S f ; :
= [ e G
- - - O
agreement within 3 sigma < A
f 3 :::I:::::I:@::I:::::Z:
3 10°F =
- 1 E e % ..........
- .
* Can be used to improve current models £ ALIGE ({5 = 8,16 ToV), 250 <y < 3.25
. . . (o] IEX
* Fix background for VM or jet photoproduction = T+ ALICE ({5 =816 TeV), 3.25 <y < 4.00
1025- -+-¢--- STARlight, 2.50 <y < 3.25 E
* Improve predictions for light-by-light scattering E -0~ STARIight, 3.25 <y < 4.00 :
08 T T T e e T 2 2 %6

M, (GeV/c?)
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Energy dependence: Exclusive ]/ cross section %

ALICE
* ALICE data covers three orders of magnitude in x! Bjorken-x
1 ) -3 —4 -9
o Power Ia.W fit tOALICE data 3 310IIIIII | I | 1 10IIIIII LI | I 1(:IIIIII 1 1 10IIIIII LI | 1 10IIIIIII |
S 10°F o ALICE ({5, =8.16 TeV) ALICE Preliminary 3
¢ Exponent: 0=0.70+0.04 § C ALICE (Vﬁ = 5.02 TeV) y s E
* No change between HERA and LHC £ *  Mixedtarget exp. (E401, 516, E657) g &
T : ;iéus -%W ]
* ALICE and LHCb are compatible =  LHChpo (527 TeV) w /‘
O = *; : C
e Agreement with models: S I0L - LHGopp (s 13ToV) a2e¥ W
g ' L NEW ' W * :
* JMRT NLO: DGLAP formalism .
with main NLO contributions _ Jﬁ ﬁ Smime JMRT NLO
I
e CCT: Saturation in an energy ok % # W& e CCT |
dependent hot spot model | o c,o\\"“o | Power-law fit to ALICEIdata
10 20 30 40 102 2x10° 10°  2x10°
W,, (GeV)
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Energy dependence: Dissociative J/i cross section %
' ALICE

* First measurement of the dissociative cross section at the LHC!

e Agreement with HERA results Energies = 1 TeV
* Agreement with CCT, predicts maximum at W,,, ~ 500 GeV / to be available in Run 3!

Bjorken-x Bjorken-x
1072 10°° 107 10°° 1072 1073 1074 107°
-6\ 1 IIIIIII ) 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 Qa _l I||| I|||||| 1 1 Illllll 1 1 Illllll l_
= 2L ALICE Preliminary 1 NS 1.6f ALICE Preliminary 7]
;<\ - | - .
T i = | i
= T 1.4F -
= ola | | ¢ ALICE (s = 8.16 TeV)
T g =19k 3 e H1 -
% ol Tt —MS ]
R [ ]
¢ ALICE (S = 8.16 TeV) 0.8F :
L . [ ]
fl H1 06__ ]
o 0.4 .
1 1 1 1 1 L1 1 I 1 1 1 1 1 L1 1 I [ 1 1 1 1 1 L1 1 I 1 1 L 1 1 L1 I
20 30 40 102 2x10? 10° 20 30 40 102 2x10? 10°
W,, (GeV) MS: JIMWLK evolution with initial W., (GeV)

parameters constrained to H1 data @
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Outlook: Impact of ALICE and LHC UPC results

* Reweighted EPPS16 nPDFs with LHC results

°* Run 2: ALICE + LHCb
® Run 1: ALICE +

ALICE

)
X

~
O
o

7))

0F Fit to Run 1 and 2 data |
EPPS16 —-—-
-0.2 F | EPPS16 (rew_l) -------- | ]
107 10” 107 102 10°
X

—> Decrease in EPPS16 uncertainties!

—  Guzey et. al.: Physics Letters B, 816 (2021), 136202
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Outlook: LHC Runs 3 & 4

* Improvements of all previous measurements

* More differential measurements:

d?c
dyd|t|

* Angular dependences between [*1~

* Coherent pY evolution with Ain O-O ...

* New measurements:

* Y(1S) - Q2 factor 10 larger than J/y

* Interference effects
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* Open charm photoproduction

* Incoherent p° production ...
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ALICE in Run 2

ALICE
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ALICE: Ji) measurement at midrapidity

Time-of-Flight (TOF)
» Multigap resistive plate chambers
» Triggering and particle identification
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ALICE: Ji) measurement at forward rapidity %

Muon Trigger
Resistive plate chambers
Triggering
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ALICE: Vetoes to enforce exclusivity condition
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