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Ultra peripheral collisions (UPC
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Gluon saturation matters

In Q2

At high energies, or for heavy nuclei at lower energies, gluon saturation is predicted

A

/Qi(x)

saturation

A

pQCD
evolution
equation

A

non-perturbative region

Q
»

Non-linear QCD evolution equations
introduced, but how is gluon saturation
triggered?

« Experimental observables needed to map
out the transition between the dilute and
saturation regimes. The onset of saturation

« Can we determine experimentally the

T S

In x

(Q4)* ~ cQf [

A

X

1 saturation scale (Qg)?
|
» Is there a state of matter formed by gluon
] 1/3 saturated matter with universal properties?
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Nuclear shadowing experimentally confirmed, but not fully understood

R

Experimental observation
that parton distributions are
different for protons and
nuclei

What’s the mechanism
responsible for shadowing?
How is gluon saturation

related?

The knowledge of the initial
state of nuclei also needed
for understanding the QGP
evolution

— fZ/A = measured
A fz i ™ expected if no nuclear effects
LS = antishadowing Fermi-
- motion
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Experimental program

« The Electron-lon Collider will be a E
dedicated QCD machine with the &
precision and control
capabilities for studying gluon
saturation and shadowing in a K
systematic way like never before.

« The LHC explores the high
energy domain for both hadronic
and photon-induced reactions

Hadronic+UPC measurements
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The LHC is the Large Photon Collider

Interactions mediated by

« Ultra Peripheral Collisions (UPC) can explore the EM interactions

a wide range of energies using almost real photons

., Equivalent photon flux
k =yMy exp(z,y) \ 11/

Up to several TeV in yp

Up to ~ 700 GeV/nucleon in yA Uil
Up to ~ 150 GeV in yy using UPC PbPb, N _ . ¥ :
~ 4 TeV ininyy using UPC pp Ul inciaal 1 o
/ ANA = WNANN/ b
* UPCs at the LHC probe the hadronic structure over /|| \] T
broad and unique Bjoren x region, yet the precision '''' = —=— (; = :

not compatible to DIS machines like the EIC
X = My/ym, exp(z,y)

L |
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Vector meson (VM) photoproduction in UPCs

e
W?Yp = AVl

Pb

Vector meson

Pb

 As in DIS, several reactions are
possible in UPCs:
-Exclusive photoproduction

X

-Semi-exclusive photoproduction

-Inclusive photoproduction

By studying various VMSs, it is
possible to study the Q2
dependence

In the dipole approach, the light
VMs (¢, p%) are more sensitive

to saturation because of the larger
dipole, but pQCD methods not
applicable

o
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Two-fold ambiguity on the photon direction in symmetric systems

o
W,zyp — QEPMJ/we .

Symmetric systems (pp, A-A) suffer from the two-fold ambiguity on the
photon direction

dO' Positive rapidity Negative rapidity

S Rl gloll ) Yol

Only UPC asymmetric systems (p-Pb) analyses provide a model
independent way of the energy dependence of o(yp)
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Exclusive Jhy in UPC p-Pb (2023)

Phys. Rev. D 108 (2023) 11, 112004
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LHCb pp Vs =7 TeV and 13 TeV (W+ solutions)

7 TeV and 13 TeV (W- solutions) ¢E 3 W
o

LHCb pp Vs =

ALICE p-Pb |5, = 8.16 TeV
ALICE p-Pb |5 = 5.02 TeV

Fixed target (E401, E516, E687)

H1
ZEUS

el

- JMRT NLO
CCT
Power-law fit to ALICE data

T

Mﬁﬁ:

#ﬂ.

20 30 40

10?

2x10°

10°  2x10°
W,, (GeV)

No change in the behavior
observed between HERA and
LHC energies

The highest energy point
measured in a model-
independent way is only up
to 700 GeV in UPC p-Pb by
ALICE
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Projections for exclusive J/y off protons

Power-law behavior (STARIight) Broken power-law behavior (NLO BFKL)
UPC p-Pb s\, =8.16 TeV, 150 nb UPC p-Pb s, =8.16 TeV, 150 nb™
% + STARIight projection (no saturation) FoCal % x NLO BFKL projection FoCal
g 1.3 = ALICE p-Pb Acceptance g 1.3 = ALICE p-Pb Acceptance
B 1.2
0 K2}
811 O | 1
3 ~ o o (\‘;‘;?1;:5;1“,3“ R
(e} L2 § o “L‘ﬁ‘ﬁt’ = r:'g'i* ’:‘i’i:‘f“ % vL1,‘ 5
s 2E 2 e T I N
00F | Ty 0.9 S
08F __ sTaRiight 0.8F __ sraRiight
NLO BFKL 7% NLO BFKL
T S i TN 0.7 CGC (IP-Sat, b-CGC)
0.6 Power-law fit to ALICE data s s 0.6 - gg;er-law fit to ALICE data
6 B Power-law fit to ALICE data + STARlight [.'I)rojection B Power-law fit to ALICE data + NLO BFKL Projection
: 05 - —_ :
1 2d0 e 102 2x10 10°  2x10°
1o [GeV] W,, [GeV]

FoCal measurement would be sufficient to observe
a deviation from a power law behavior, if exists
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Projections for exclusive y(2S) and J/y cross section ratio in yp

0.3

UPC p-Pb s, = 8.16 TeV, 150 nb

oy p — v (2S) p)
o(y p —» Jy p)

0.2

0.15

H1
ZEUS

STARIight projection (no saturation)

-----
............
R s S E—

= BGK saturation

Different wave
functions and dipole
Sizes evolution result
in great sensitivity to
non-linear QCD
effects

No sensitivity at

E | —  GBW saturation FoCal HERA, but expected
0= | """ BGK linear Acceptance at the LHC
B = GBW linear
0.051 e L Projections here_
W, [GeV] based on STARIlight
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Coherent Jhy in UPC Pb-Pb Eur. Phys. J. C 81 (2021) 712

_ _ o 4T ALICE Pb+Pb — Pb+Pb+J/y  |/sy, = 5.02 TeV
» Confirmation of nuclear E T
. . > 10— @ ALICE coherentl J/lp'
ShadOW|ng Wlth Run 2 Q | ---- Impulse approximation
o) - STARLIGHT
data © | —— EPS09LO (GKZ)
10— ----- LTA (GK2) PP LT .
R [IM BG (GM) -
° H | — — IPsat (LM) 7
No model can describe o — . BGKI(LS) .
idi - --- GG-HS (CCK)
the rapidity L Sakeoon
dependence 6 ‘
2 Ty 4
)
Mid-rapidity x ~10-3 T
O_ I \ \ \ \
Forward rapidity 95% at x ~ 1072 - -3 -2 - 0 y1

5% at x ~ 107°
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Nuclear suppression factor for UPC J/y: Comparing yPb to yp

Spp (X)

V. Guzey et al. PLB 726 (2013) An experimental definition, which can be
n linked to PDFs at LO
N R A= Oyasg/pa(Wap) zga(z, p?)
———————— II .o S xTr) = = K
0.9 - — T T’ et . rol) \/O#ZaJ/dJA(WW) AN Azgn(z, p?)
0.7 7 kil T - Run 1 data from ALICE was the
0.6 f-===-~ ¥-p--r . first at indicating nuclear gluon
_ ' ~10-3
0.5 Bvs funt e shadowing at x ~ 10
0.4 ALICE, Run 1 [ .
ALICE,Run2,y=0 A | . L
0.3 LTALCTEQRL1 Large scale NFO uncertalnt|e§
0.2 F EPS09 - - - - should cancel in the Sp(X) ratio
0.1k HKNO7 ------ ]
nDS — - -
0 — el ] ALICE results at y=0 have no
10 10 10 10 . .
« ambiguity on the photon energy

14
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Two-fold ambiguity on the photon direction in symmetric systems

o
W,zyp — QEPMJ/we .

Symmetric systems (pp, A-A) suffer from the two-fold ambiguity on the
photon direction

dO' Positive rapidity Negative rapidity

S Rl gloll ) Yol

Analyses of UPC asymmetric systems (p-Pb) provide a model independent way
to study the energy dependence of o(yp)
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Impact parameter flux profile

Broz, Contreras and DTT, CPC 235 (2020) 107181

£004 c 06
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0.001— -
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Neutron-dependence of coherent Jhy in UPC Pb-Pb

The photon flux (n) depends on the impact parameter

Decomposed in terms of neutron configurations emitted in the forward region
do  do(On0n) . do(0nXn)  do(XnXn)
dy dy | dy | dy

Solving the linear equations resolves the two-fold ambiguity for VMs at y # 0

Positive rapidity Negative rapidity
do
. ol elaen il s 0lE s glel el e

Guzey, Strikman, Zhalov, EPJC 74 (2014) 7, 2942
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Energy dependence of coherent J/y in yPb — ALICE Run 1 and Run 2 data

Confirmed Run 1 results.
At low X, both shadowing
and saturation models
describe the data

Energy dependence
across the whole range
not described by models

In a single experiment
exploring (20,800) GeV
in W,pp, and x from 1072
to 1073

o(yPDb) (ub)

102

10|

JHEP10(2023)119
Bjorken-x
1072 1078 10™ 10°°
- ¢ ALICE, Pb-Pb |5, =5.02 TeV .
- 7 Guzey et al., using ALICE Pb-Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) ]
i 4 Contreras, using ALICE Pb-Pb s, = 2.76 TeV (PRC 96 (2017) 015203) e
- - Impulse approximation P i
--- STARIight T :
. — EPS09LO e e
- LTA Pt —— .
- - GG-HS e - "TA'B]-'[%]""':
. - -b-BK-A ‘%}] .
P
/if/;"" =
7"/ + | | 1 | L | - J | | | 1 | 11 | i
20 30 4050 102 2x10? 10°
W, ey, (GeV)
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https://doi.org/10.1007/JHEP10(2023)119

Nuclear suppression factor — ALICE Run 1 and Run 2 data

JHEP10(2023)119 Biorken:x At low x, both shadowing
1072 1072 1074 : 1078 and saturation models
£ T aonmmaseom ] describe the data
1'8:_ 1 Guzey et al., using ALICE Pb-Pb |s, = 2.76 TeV (PLB 726 (2013) 290-295) =
1.6~ 4 Contreras, using ALICE Pb-Pb |5, = 2.76 TeV (PRC 96 (2017) 015203) — Confirmation that
4 4~ 'mpulse approximation LTA e peripheral hadronic events
- -~ STARIight GG-HS . can be used to
120 —EPso9Lo - b-BK-A E extract the energy
1 -3 - dependence. Already
08 - explored down to x = 4.4
0.65 - x1075 using Run 1 data
0.4 = With the neutron-
0.2f - dependent analysis using
of | L] , T Run 2 data, down to x =
20 30 4050 102 2x10? 103 1.1x107°, Run 2
yPon (GEV)
POETIC 2025 Daniel Tapia Takaki 17


https://doi.org/10.1007/JHEP10(2023)119

Transverse profile of the target

—a UPCs can probe the transverse profile of
the target!
/ -
— | | Appearance and location of diffractive
dips can be signatures of gluon
saturation
Averaged from pA(x,y,z) Hot spots configuration
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Exclusive VM at the acceptance

S. Klein and M. Lomnitz
Phys. Rev. C 99, 105203 (2019)

SRR A R R LA DAL I LA
Bjorkenx(<02 —120 Gevz) | | | | | —_
= . | —5%x10*<x<10" 1B
510 E_1o-4<x<1o'3 'E E p@eR';”C
2 [—10°<x<10? ] s [ —AIQT
= |}—10%<x<10" 1 E o0k —1<Q<10 |
g | | -  F - 10%<QP<1 3
o = 8 % - —02<10_2
Q N
Tt | gorf E
& T - ]
N Q_ - -
Rl e L10° E
6 5 4 3 =2 1 0 1 27%3 4 104 .
- . = L = L J L 1 ;
J/\ll rapldlty -6 v 6 8

V.M. rapidity
Flipped rapidity convention used
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EIC 2012

Electron lon Collider:

4 W fLdt = 10 fb™1/A o coherent - no saturation 5 n fLdt =10 b /A o coherent - no saturation QR - aCh ronter

107 g 1<Q?< 10 GeV?2 o incoherent - no saturation 10° 2 1<Q%<10 GeV? o incoherent - no saturation o e

Fo x < 0.01 = coherent - saturation (bSat) - x<0.01 = coherent - saturation (bSat)

- 'D M(edecay)! <4 e incoherent - saturation (bSat) (m O In(Kdecay)l <4 e incoherent - saturation (bSat)

= p(Bdecay) > 1 GeV/c 1 41 P(Kdecay) > 1 GeV/c
108 owt=5% 0 E»o  Snzse

F o= F = o

L [m] 1 03 o
102

e
o
n

dO'(e +Au—e' +Au’ + J/Lll)/dt (nb/GeVZ)
do-(e +Au—e +Au’ + ¢)/dt (nb/GeVz)

=
10 -
- 10
1= -
E 1;
10711 el
E 107" &
- JAp SR d
10'2_I\\‘Il\ll\I‘Il\llll‘ll\llll‘lll‘I 10'2_|\I‘\I\‘III‘\II‘I\I'\II‘I\I'\II‘I\I
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

It] (GeV?) It] (GeV?)
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Coherent J/y selection at ePIC, vetoing incoherent production

BeAGLE

18x110 GeV?

—
=3

(¢]
+
)
O
m— -
+
—_]
S~
<
+
>

2" max.

—
<

3" max.

dN/dltl (GeV?)
3

—
QA
|

1
Lol

Ratio to total

0 0.05

01 015
Itl (GeV?)

W. Chang et al., Phys. Rev. D 104, 114030 (2021)

Zero-degree calorimeter
/

[/‘ B1apfdipole

b+ = / Hadron beam direction from IP
Roman pot detectors N \
(inside beam pipe) \
Off-momentum detectors\c BOpf dipole

\c
BO detector

(a) Veto.l: no activity other than ¢~ and J/y in the main
detector (|| < 4.0 and py > 100 MeV/c).

(b) Veto.2: veto.l and no neutron in ZDC.

(c) Veto.3: veto.2 and no proton in RP.

(d) Veto.4: veto.3 and no proton in OMDs.

(e) Veto.5: veto.4 and no proton in BO.

(f) Veto.6: veto.5 and no photon in BO.

(g) Veto.7: veto.6 and no photon with E > 50 MeV
in ZDC.

Forward instrumentation and modeling crucial

POETIC 2025
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Coherent ¢(1020) electroproduction

eAu 18x110 GeV EPIC
I | I [ I I I§
1<Q°<10 GeV*, 0.01 <y <0.85 : Sensitivity to gluon saturation
10° Eoly|<3.5, M ~M|l <0.02 GeV 5
i Sartre ¢ MC .
g [ d i 3 ® Sartre ¢ RECO w. EEMC - FF instrumentation and modeling crucial
A = =
% o C ]
ol
=102 5
= | 1
o 10 £
1F
o > K'K
10_1 = 1 | 1 |
0 0.05 0.1 0.15

It | (GeV?)
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Incoherent J/y and comparison to HERA data

H. Méantysaari & B. Schenke

E o} %
£

| I1.0

Examples of proton density
profiles at x ~ 1073

10.8
1l
10.6
1k
10.4
£ O
= 0.2
1t
1 0 1 0 0.0
x[fm] x[fm]
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Dissociative J/\lj in UPC See talk by A. Ridzikova at DIS"24

Fiqures from her

RTL)?
COHERENT _ (B (Ap )

“~ .

o Vector meson
.

INCOHERENT BUO%  DISSOCIATIVE M’-\.
- N .,.4‘/
J. Cepila, G. Contreras and DTT Phys. Lett. B 766 (2017) 186-191
In the hot spot model, the increase
In gluon distribution with decreasing 47 VY (RT L)z (

. v . — g
Bjorken-x is described by the A oy T

energy-dependent evolution of the
number of hot spots
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Gluon saturation and dissociative J/y in UPC

See talk by A. Ridzikova at DIS"24
Her figures

Phys. Lett. B 852 (2024) 138613

= Coherent
Incoherent

Jly

102 1

Fyp- g (W) (D)

10!

¥ H12013
O  ALICE pPb vsyy = 5.02 TeV
® ALICE pPb vsyny = 8.16 TeV

102
W (GeV)

103

x=1le-6 Nps=43

x=1le-4 Nps=11
' Lower X

T T TR TR T T s <« 4 -2 o 2 & & 8

2
(£5")

= L (([ArL) = [(Ar))

TL 167

In the hot spot model, the increase of large hot spots
within the proton reaches a point of significant
overlap, and the resulting uniformity reduces both
the variance and the dissociative cross section

Phys. Lett. B 766 (2017) 186-191
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Daniel Tapia Takaki

24



Transverse profile of the target

V. Goncalves, et al.

Phys. Lett. B791 (2019) 299-304 Signature of gluon saturation
» g j_‘g Tev Pb+p—>Pb @b ; Study of 09 is very promising
S et < since diffractive dips
10 \ expected at lower t values

— 1 ' 1 T ' 1 . T T 17" 1
I Pb+p—Pb +|j/fd+p':
1o : —— IP-Sa .
: : ——— bCGC
]0-45_ "'; o’k S e bCGC Linear

S |

0 2 of

11l [GeV’] Z 10T

5 !

Location of the Diffractive dips: S 10°F

Different for IP-Sat and bCGC ) s =8.16TeV
10°F Y=0
Energy dependence of the Y S T T R Y T
t-distribution: onset of gluon saturation ' T (GeV?] ' N
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t-dependence measurement of UPC p°

V. Goncalves, et al.
Phys. Lett. B791 (2019) 299-304

36 Gev

Similar studies could also be done for Pb targets, but
energies are lower and also challenging in UPCs

176 Gev

— 10 ' T 1
—  IP-Sat . ——— IP-Sat
— == bCGC ——— bCGC 3
of TN L bCGC Linear of TREHL L e bCGC Linear
10 CMS 10 e CMS
N:> [ ]
: | 2
5 a0 Q 5
210 2 10°
-U e
5 F 3
= £ ©
10 ~
W =35.6 GeV , 10
E | PR ! W =176 GeV
E Y+p—o>p+p ‘Ijl g y4p—>p+p
6L \ I . ] \ ) [ ]
10 0.4 0.8 12 1.6 2 P T C o
11l [GeV?] 107 0.4 0.8 1.2 1.6 2
Il [GeV]
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t-dependence of coherent and incoherent JAy in UPC Pb-Pb

First measurement of the |t|-dependence of incoherent J/g photonuclear production
Phys.Rev.Lett. 132 (2024) 16, 162302

Probing for gluonic "hot spots” in Pb

using UPCs for the first time!

< ALICE, Pb-Pb UPC {5y, = 5.02 TeV
> .
0] ALICE incoherent Jiy, |y| < 0.8 & 10 = 1( _
_g -, . —+ Uncorrelated stat. + syst. > e ALICE, Pb—Pb UPC SNN =5.02 TeV
R [ T e
= N - Correlated syst Q) RS Jiy photoproduction, |y| < 0.8
S 10° :_".\\ NN Meaee o I S 4 Coherent: PLB 817 (2021) 136280
] RN R . £ See e GSZ-LTA
_8 B s, '-b‘..“ E 1 = \‘\." —— b-BK _ N
L N < : e o Q_o : % t+ Incoherent: arXiv:2305.06169
- N N, ""\-—\_&\ B Ly -~ - MS-hs
L '\',:-... L \v ——— MS-
~N L © \ P
N ° | VW —— MssH
i oo, W, [T MSS
-&- MS-h iy - )
o MS?ps \\,,.___‘ 107" i — - GSZ-el+diss
102 —— Mssi Gy e OERN : N GSZ-el
[ -4 MSS , e~ C e L
| —e - GSZ-el+diss S, r - e z
| ..e- GSZ-el N — &
o 20l I I | A | L 1 0_2 R S,
) o 0 ! 5
[m] 1 5 ™ E J , - - ‘
< 1.0 Fo e P o I [ . 3
-8 0.5‘9 9 9 9 g 3 1 L Lll\ll‘z'll 1 J.I\IIII1 k \\I\-Ill
L L L | | | | L & | | — — =
= 00 0.2 0.4 0.6 0.8 1.0 1.2 10 10 10 ,
l1l (GeV?) lt| (GeV?)
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t-dependence of incoherent Jhy in UPC Pb-Pb

Editors' Suggestion

First Measurement of the |t| Dependence of Incoherent J/y
Photonuclear Production

S. Acharya et al. (ALICE Collaboration)
Phys. Rev. Lett. 132, 162302 (2024) — Published 19 April 2024

The first experimental measurement of the incoherent

_

photonuclear production of J/i in ultraperipheral heavy-ion
collisions is better explained by the presence of subnuclear

Ccross section
+/

quantum fluctuations of the gluon field.
Show Abstract +

Mandelstam Iti

»
Mandelstam lil

POETIC 2025 Daniel Tapia Takaki
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Gluonic hot spots

J. Cepila et al. 2024 Phys. Lett. B 852 138613

HOTSPOT SNAPSHOTS

In pursuit of gluon saturation

x=1072 x=10"°

-

Phys. Lett. B 852 138613

Hotspot snapshots Simulations of the transverse density of gluons in lead nuclei at Bjorken x of 1072 (left) and 1076 (right).
Thedistributionsare 10 times broader than for protons and span almost 15 fm. The number of gluonic hotspots increases
from1,400t012,000asxdropsbyafactorof 10,000, fromleft toright.

CLOUD on climate change ® CERN in space, ESA underground ® How to unfold with Al
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Incoherent J/y in UPC d+Au

10% ¢

do/dtdy (nb/GeV?)

iy
o

As expected, no additional component expected at lower energies with limited luminosities.

200 GeV, L =93 nb™’

STAR

—
o
n
TT

d+Au \s,, =
CT T T

I e Total data

| o n-tagged data ".‘

T I T T T I

Saturation Model (CGC)EE

— Total
- == Coherent
- = Incoherent

*
-

.

3

! I

I 1 I I T :
Shadowing Model (LTA) 1
- Total ]

=== Coherent
« = Incoherent

0

0.2

-t~ pﬁl " (GeV?)

0.2

_t,,pZ

Tl

At the EIC the high high luminosities is very promising

0.4

2
Ty (GeV?)
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A femtometer scale double-slit experiment

ALICE Pb-Pb UPC sy, =5.02 TeV, Pb + Pb — Pb + Pb + p°

1.4 Median b ~ 49 fm 1.4F  Median b ~22.5 fm 1.4F | Median b ~ 18 fm

¢+ ALICE data
1.2F ~— Fit curve
=== No interference

Normalized p° yield
P

STAR has an active program here.

In ALICE, first measurement in terms
cos(24) of impact parameter dependence

modulation

31



Diffractive dijets

2021

Wigner Distributions

@, EIC YELLOW REPORT
Volume II: Physics

O G
6@ W(x, kJ_: rl) O-@/)G,. .

Original ideal the effect was a percent o
level. Several theory groups studied it
- 0.00_:&@ ---- 0.4fm  —— 0.6 fm
I S
~ —0.25P el
l_l' \~\. ~~~~~~~ -
3 —05071 N e el "
Parton Distribution Functions Form Factors O N,
S -0.751 N
— \.\
I -1.00 D g
> —1.25{CGC Se e
H. Mantysaari, N. Mueller, B. Schenke 05 1.0 15 20 25 3.0

Phys. Rev. D 99 (7) (2019) 074004 IP| [GeV]
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Azimuthal correlations of exclusive dijets

Another example of synergies with EIC,

testing and strengthening the science opportunities

Several new theory ideas for the EIC resulted from this

CMS Collaboration
Phys. Rev. Lett. 131 (2023) 5, 051901

work . PbPb 0.38 nb" (5.02 TeV)
TT I TTT I TTT I TTT I TTT l TTT I TTT I TTT I TTT I TTT I TTT I TTT |
Pbe 0. 38 nb’ (5. 02 TeV o~ [ i
% L L I T T rr T T [ rrrrJrrrT (I ) g 1'4 | CMS p > 30 Gev
S ok CMS p>30GeV 1 g [ —4— Data p,,>20 GeV
—~a L m <24 v - QT<25GeV .
= — RAPGAP — EEEm
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Summary

The UPC program and the EIC have strong synergies, offering complementary
insights into fundamental physics.

While UPCs probe the energy frontier, the EIC focuses on the luminosity and
precision frontier.

Existing synergies between the two programs demonstrate mutual benefits, with
improved modeling, playing a crucial role in refining high-luminosity EIC
measurements.

These connections are also valuable for shaping discussions on the early
science goals of the EIC.

Additionally, a "multi-messenger program" may be necessary to fully explore
certain observables.
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Run 3 data analysis: Inelastic y+Pb -> X events

Experimental signatures for inelastic photonuclear . Nucleus intact
interactions: — - No reulons
N
1) There is a rapidity gap on the side of the photon- ?? \
el . . . -2 Rapidity
emitting nucleus = main experimental signature 7 o

Z

2 /
2) The photon energy << beam energy = particle AR
production is shifted in rapidity to the side of the ' \

target nucleus W No rapidity
Phys. Rev C 66 (2002) 044906 o

Total cross sections in Pb+Pb @ Vs =5.5 TeV . (/—\'__—-_t__
o(Pb+Pb = Pb+ccbhar+X) = 2b \,/'"-——-_-____

o(Pb+Pb = Pb + bbbar +X) =830 pb Nucleus breaks up
Multiple neutrons

Direct production: a bare photon interacts with a parton in the target

Resolved production: the photon fluctuates to vector meson which
interacts inelastically with the target
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CERN LHC and ALICE timeline

2022-2025 2029-2032 2035-2038 2040-2041

>IN I SN 2 D T TN

ALICE 2 Phasellb Upg ALICE 3

ECAL
RICH

Absorber
Magnet

Muon chambers
FCT

Cylindrical y
Structural Shell /‘ :

TOF
Tracker

Vertex detector

FoCal and ITS3 ALICE3
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Nuclear suppression factor for peripheral (not UPC) J/vy

J.G. Contreras, Phys. Rev .C 96 (2017) 1, 015203

W, 5, (GeV

—
o

10° Run 1 data from ALICE observed
& L A Cohergnt-like Jhy from peripheral
- 1 hadronic PbPb events. Process
ol /""’t later confirmed by STAR
) |
06l f 1 The photon flux depends on the
: — 1 Impact parameter, these
0.4_- -|  peripheral Jiy explore yP energies
- 1 beyond coherent J/y at the same
0.2~ -1 Yy interval at the same cms energy
107 — 1$4 — 1E||—a '1'3_2 | ""1';,_1 Sensitivity to x ~ 10°
X
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