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Key questions we are interested in

What can we learn about the structure of hadrons at high energies with the LHC?
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Measurements at HERA imply that,
when seen with a high-energy probe,
nucleons are made mainly of gluons
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Key questions we are interested in

Saturation is expected to set at Measurements at HERA imply that,
higher x in heavy nuclel when seen with a high-energy probe,
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Photons at the LHC to understand QCD: coherent vector meson production
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Photons at the LHC to understand QCD: coherent vector meson production

‘ — y colour dipole

The dipole produces a vector meson

For the large LHC boost, this EM field
looks like a of quasi-real

impact parameter

If the impact parameter is large enough, photon induced interactions dominate:
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Photons at the LHC to understand QCD: coherent vector meson production

Rapidity (y), mass (m), and pT of the
vector meson fully define the kinematics
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Photons at the LHC to understand QCD: coherent vector meson production

Rapidity (y), mass (m), and pT of the
vector meson fully define the kinematics

Rapidity measured w.r.t. the
direction of the target
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Ambiguity problem

Two photon sources

(a) (b) Pb Pb
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Pb Pb

Ambiguity problem

Two photon sources
(a) Pb Pb (b) Pb Pb

| Jy
Detector > Detector

O,

Pb Pb

dopvph

dy

® ®

= ny,(y;{b})oypo(y) + ny (—y;{b})o,po(—y)

Photonuclear cross sections at two rapidities, i.e. Bjorken-x

How to extract the photo-nuclear cross section if the photon fluxes are known?
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Ambiguity problem: one solution, go to corners of phase space

dopypy

dy

At y=0 both contributions
are equal, no ambiguity

= n,(y;{b})oypr(y) -

-1y (=5 1b})oypo(—Y)
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Ambiguity problem: one solution, go to corners of phase space

At y=0 both contributions
are equal, no ambiguity

® ®

dopbph

dy

= n,(y;{b}oypp(y) + ny,(—y;{b})o,pp(—y)

MG]

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

At forward rapidities e dominates (95% of the cross section),
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Ambiguity problem: another solution, perform independent measurements

Perform two independent measurements at the same rapidity,
but different impact parameter, then solve the equations.
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Ambiguity problem: another solution, perform independent measurements

Perform two independent measurements at the same rapidity,
but different impact parameter, then solve the equations.

(
(

dopbPb

dy

dopbPb

dy

)A — n,,(y; {b}A)U»be(y) n'y(_y§ {b}A)Ufbe(—y)

)B = n,y(y; {b}B)Ufbe(y)+n'y(_y; {b}B)UvPb(_y)

For example, use peripheral and ultra-peripheral collisions
JGC, PRC 96, 015203 (2017)
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To study the evolution of the nuclear structure in
Bjorken-x, a large rapidity coverage is need

Measuring J/ in ALICE
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Measuring J/U in ALICE
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Measuring J/ in ALICE
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Measuring J/ in ALICE

To study the evolution of the nuclear structure in
Bjorken-x, a large rapidity coverage is need
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Bjorken-x
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1 GKSZ, using ALICE Pb-Pb |s,, =2.76 TeV (PLB 726 (2013) 290-295)
A Contreras, using ALICE Pb-Pb \/SNN =2.76 TeV (PRC 96 (2017) 1, 015203)
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Ambiguity problem: perform independent measurements using EMD

Guzey, Strikman, Zhalov, EPJ C74 (2014) 2942
Very intense flux: impact-parameter-dependent
possibility of multi-photon exchanges Secondary photons may induce EMD of the nucleus, producing neutrons at zero degrees
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Very intense flux: impact-parameter-dependent
possibility of multi-photon exchanges Secondary photons may induce EMD of the nucleus, producing neutrons at zero degrees
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Ambiguity problem: perform independent measurements using EMD

Very intense flux: impact-parameter-dependent
possibility of multi-photon exchanges Secondary photons may induce EMD of the nucleus, producing neutrons at zero degrees

J/U at midrapidity
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EMD and ZDC

ALICE, JHEP 06 (2020) 035

ALICE Pb-Pb UPC s, = 5.02 TeV

ZNC energy (TeV)
(@)

L |

ZNA energy (TeV)

It is possible to cleanly separate the different event topologies, using the ZDC
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- Run 2: rapidity dependence of J/y coherent production in EMD

ALICE

ALICE, JHEP 10 (2023) 119
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https://inspirehep.net/literature/2666011

-% Run 2: rapidity dependence of J/{ coherent production in EMD classes

ALICE
€ 8- ALICE Pb-Pb s, =5.02 TeV € [ ALICE Pb-Pb sy, =5.02 TeV
- ¢ ALICE OnOn PR - ~. L ¢ ALICE OnXn+XnOn
ALICE, JHEP 10 (2023) 119 5 7E -~ Impulse approximation 3 2.0 - Impulse approximation -~~~ ------ooooe-
8 | -- STARIght | B 7L --STARIight
6 — EPS09 LO - EPS09LO y
- . LTA , - LTA .
5 ----GG-HS R 1.5~ ....GG-HS
- _..-b-BK-A T e T e _ -.-b-BK-A S
4 p CoERR
3 B e A 3
E ’("’I,-“-—+__————___,":'.“_—"_ll__'._-_-,:_'-'-'—""-"'_”- TUERRLL B
2 e -
- |
:I | | | | | | | | | | | | | | | | | | | | | | | | | | | &
04 _3 5 - 0 : 0.0, _3 5 - 0 :
y y
o )
g 1 o= ALICE Pb-Pb |s,, = 5.02 TeV g 1.0~ ALICE Pb-Pb |sy, = 5.02 TeV
"4 ALICE XnOn -4 ALICE XnXn
5 - -- Impulse approximation e 5 - -- Impulse approximation
£ 1.0[~ _._ sTARIight % 0.8/ - STARlight I
- —EPS091L0 , - _EPSO9LO .- Tt
- LTA L - .. LTA -
0.8 . GG-HS ; 06 -~GGHS
~ --b-BK-A - --b-BK-A
0.6 i
- 0.4
0.4 -
0.2 0.2
007 R -3 -2 1 0 1
y

Several UPC measurements for each rapidity range - We can extract the photonuclear cross sections!
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Flux at different rapidities

dopbph

dy

= ny (y; {bHoyep(y) + 1y (—y; {bHoypo(—y)

Guillermo Contreras, CTU in Prague




Flux evolution

Flux at different rapidities
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At bkgd and mid rapidity, most of the flux in the OnOn channel, at fwd rapidities (small x), all fluxes are small and similar
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1 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) 015203)

—_—
S o B

810 GeV

ALICE, JHEP 10 (2023) 119

20

30 40 50

10°

13

2%102

10°
W,y (GeV)

Agreement

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

ALICE, JHEP 10 (2023) 119

o(yPb) (ub)

10°

10

Bjorken-x
107°

1072 1073 1074

¢ ALICE, Pb-Pb \s,, = 5.02 TeV (arXiv:2305.19060)
¢ CMS, Pb-Pb \|s,, =5.02 TeV (arXiv:2303.16984)
n Guzey et al., using ALICE Pb-Pb |s,,, = 2.76 TeV (PLB 726 (2013) 290-295) -
A Contreras, using ALICE Pb-Pb \/STN =2.76 TeV (PRC 96 (2017) 015203) - -
- - Impulse approximation -7
--- STARlIight -7
— EPS09 LO P
----LTA _ - -
----GG-HS -7
---- b-BK-A -7

I’
"
"’
.

-
— :
-

-
——"
.

- L)
-

]
"’ -
"’l -
.

. s -
l—

— -
’-" _——
-

-
-
-

- -

-

.
"’
.

20 30 4050 107 2%102
W. oo (GeV)

14

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

ALICE, JHEP 10 (2023) 119

o(yPb) (ub)

10°

10

Bjorken-x
1072 1073 1074 107°

¢ ALICE, Pb-Pb |s,, =5.02 TeV (arXiv:2305.19060)
¢ CMS, Pb-Pb \|s,, =5.02 TeV (arXiv:2303.16984)
n 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) 015203) . -

- - Impulse approximation -

--- STARIight

— EPS09 LO

----LTA

---- GG-HS

---- b-BK-A

I’
"
"’
.

A | | I | R

20 30 4050 102 25102 10°
W. ey, (GeV)

14

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

ALICE, JHEP 10 (2023) 119

o(yPb) (ub)

10°

10

Bjorken-x
1072 1073 1074 107°

¢ ALICE, Pb-Pb |s,, =5.02 TeV (arXiv:2305.19060)
¢ CMS, Pb-Pb \|s,, =5.02 TeV (arXiv:2303.16984)
n 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) 015203) . -

- - Impulse approximation -

--- STARIight

— EPS09 LO

----LTA

---- GG-HS

I’
"
"’
.

20 30 4050 102 25102 10°

14

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

Energy/Bjorken-x dependence of coherent production from Run 2

ALICE, JHEP 10 (2023) 119

o(yPb) (ub)

10°

10°

10

1072

1073

1074

Bjorken-x
107°

¢ ALICE, Pb-Pb |s,, =5.02 TeV (arXiv:2305.19060)
¢ CMS, Pb-Pb \|s,, =5.02 TeV (arXiv:2303.16984)

1 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) 015203) - -

- - Impulse approximation
--— STARIight

— EPS09 LO

----LTA

----GG-HS

I’
"
f'"
.

20 30 40 50

14

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

Nuclear suppression factor

OvyPb
Spb = , [ —Ia
Gy Pb

ALICE, JHEP 10 (2023) 119

Energy/Bjorken-x dependence of coherent production from Run 2

15

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

Nuclear suppression factor

OvyPb
Spb = , [ —Ia
Gy Pb

ALICE, JHEP 10 (2023) 119

1.2

1072 1073 107 107

ALICE, Pb-Pb {5, = 5.02 TeV

I
- ¢ N
— ¢ CMS, Pb-Pb \s,, =5.02 TeV (arXiv:2303.16984) T
— 1 Guzey et al., using ALICE Pb-Pb |s,, = 2.76 TeV (PLB 726 (2013) 290-295) =
B A Contreras, using ALICE Pb-Pb |s,,, = 2.76 TeV (PRC 96 (2017) 015203) :
— - - Impulse approximation - - LTA —
— --- STARIight ----GG-HS ~
. EPS09 LO ---- b-BK-A g
: - \*"T**" ° B P :
: I I I I I I I I | I I I I | :
20 30 4050 102 2x107 10°
W. o (GEV)
15 Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

Nuclear suppression factor

OvyPb
SPb =, [ —1a
Gy Pb

ALICE, JHEP 10 (2023) 119

1.2

1072

> {F o -e

-~ STARIight
EPS09 LO

\

I
ALICE, Pb-Pb s, = 5.02 TeV
CMS, Pb-Pb \s,, = 5.02 TeV (arXiv:2303.16984)
Guzey et al., using ALICE Pb-Pb \'s,,, = 2.76 TeV (PLB 726 (2013) 290-295)
Contreras, using ALICE Pb-Pb \/STIN =2.76 TeV (PRC 96 (2017) 015203)
Impulse approximation

--LTA

T~ . e T L
— ﬁ—\—*—r ..

20 30 40 50

10°

15

2%10°

RS
S
[0
)
S

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

Nuclear suppression factor

OvyPb
SPb =, [ —1a
Gbe

ALICE, JHEP 10 (2023) 119

1.2

—h
<
Ol

1072 1073 1074

\

> {F o -e

I
ALICE, Pb-Pb |5, = 5.02 TeV
CMS, Pb-Pb \s,, = 5.02 TeV (arXiv:2303.16984)
Guzey et al., using ALICE Pb-Pb \'s,,, = 2.76 TeV (PLB 726 (2013) 290-295)
Contreras, using ALICE Pb-Pb \/STIN =2.76 TeV (PRC 96 (2017) 015203)

Impulse approximation ----LTA
TF,)ARI' N PP T Saturation and shadowing models
S ignt - GG-HS describe data equally well

EPS09 LO ---- b-BK-A -

20 30 4050 10° 2%10°

)

15

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/2666011

& Summayandoutlook

ALICE

ALICE has measured the coherent production of J/{ across
3 orders of magnitude in Bjorken-x

16 Guillermo Contreras, CTU in Prague




&  Ssummayandoufok

ALICE

ALICE has measured the coherent production of J/{ across
3 orders of magnitude in Bjorken-x

The new ALICE data is consistent with ALICE measurements from
Run 1 and with CMS results from Run 2

16 Guillermo Contreras, CTU in Prague




&  Ssummayandoufok

ALICE

ALICE has measured the coherent production of J/{ across
3 orders of magnitude in Bjorken-x

The new ALICE data is consistent with ALICE measurements from
Run 1 and with CMS results from Run 2

The new ALICE data extends the reach in the centre-of-mass
energy of the photon-Pb system by more than 300 GeV

16 Guillermo Contreras, CTU in Prague




&  Ssummayandoufok

ALICE

ALICE has measured the coherent production of J/{ across
3 orders of magnitude in Bjorken-x

The new ALICE data is consistent with ALICE measurements from
Run 1 and with CMS results from Run 2

The new ALICE data extends the reach in the centre-of-mass
energy of the photon-Pb system by more than 300 GeV

Saturation and shadowing based models describe equally well
the behaviour of data at high energies

16 Guillermo Contreras, CTU in Prague




& Summayandoutlook

ALICE
T .
> 16000 ALICE performance in Run 3, Pb-Pb, \s,, = 5.36 TeV
2 -
% - ++ ph* < 0.25 GeV/c
8’ 1200__ ++ —4<y<—2.5 1
£ E L b ALICE has measured the coherent production of J/{ across
S 1000 L 3 orders of magnitude in Bjorken-x
800 _ . : :
E + The new ALICE data is consistent with ALICE measurements from
+ .
600% A Run 1 and with CMS results from Run 2
400:_ ++++++ " :+ ¢
200E R g’ The new ALICE data extends the reach in the centre-of-mass
A e e energy of the photon-Pb system by more than 300 GeV
2.5 3 3.5 4 4.5 5
W (GEVIE) Saturation and shadowing based models describe equally well
the behaviour of data at high energies
N% 35005_ ALICE performance in Run 3, Pb-Pb, |s,, = 5.36 TeV
= -
g o000 ;| Outlook
2 25003_ Pt < 0.20 GeV/c
S : . v <0.8 The LHC Run 3 is ongoing and ALICE is recording new UPC data
2000
15005_ L Larger data samples, w.r.t. LHC Run 1+2, are expected
O
W, +
1000E-"w, ",
soof. et
— L
n K .
O—uuuw-*-"rw
2.5 3 3.5 4 4.5 5

M,.. (GeV/c?)

16 Guillermo Contreras, CTU in Prague




& Summayandoutlook

ALICE
G B |
% 1600 ALICE performance in Run 3, Pb-Pb, \s,, = 5.36 TeV
% - ++ ph* < 0.25 GeV/c
8’ 1200__ ++ —4<y<—2.5 1
£ E L b ALICE has measured the coherent production of J/{ across
S 1000 L 3 orders of magnitude in Bjorken-x
800 _ . : :
E + The new ALICE data is consistent with ALICE measurements from
+ .
600% A Run 1 and with CMS results from Run 2
400__+++++++ 4.: +
- . .
200E R g’ The new ALICE data extends the reach in the centre-of-mass
i O et oo energy of the photon-Pb system by more than 300 GeV
2.5 3 3.5 4 4.5 5
W (GEVIE) Saturation and shadowing based models describe equally well
the behaviour of data at high energies
N§ 35005 ALICE performance in Run 3, Pb-Pb, |s,, = 5.36 TeV
> -
= -
S anank *
g o000 ;| Outlook
2 25003_ Pt < 0.20 GeV/c
S : . v <0.8 The LHC Run 3 is ongoing and ALICE is recording new UPC data
2000
15005_ L Larger data samples, w.r.t. LHC Run 1+2, are expected
%
1000:—%’% . ',
500 S Y
C """’“N,m

0 R R AR et e e o

16 Guillermo Contreras, CTU in Prague




