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Introduction to Ultra-Peripheral Collisions

/‘/ * Geometry:
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* Characteristics are

* Big forward and backward
rapidity gaps
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Exclusive Vector Meson Production



Kinematics

/\

* A photon is emitted from one of
the projectiles (upper vertex),
and interacts with two (or more)
gluons coming from the other
projectile (lower vertex)

* J/\y sets a hard scale.

M2
Oae ~ /) ~2.5GeV”



Kinematics * A photon is emitted from one of
the projectiles (upper vertex),
and interacts with two (or more)
gluons coming from the other

Q> projectile (lower vertex)

* The virtuality is set by
fluctuations in the momentum

- J allowed by the uncertainty

g ‘ principle which are ~1/R, where

R is the nuclear radius.

/ \ O’ ~(hc/R)” ~ (25 MeV)’




Kinematics

* tis the momentum transfer at the
lower vertex




Rapidity Distribution
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Rapidity Distribution
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* Main conclusion: models with mild shadowing fit data best
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* P-QCD, CGC, “hot spot” models available. Difficult to predict the data at all rapidities

e Experimental data ALICE-CMS-LHCb converging



Rapidity Distribution
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AMBIGUITY PROBLEM

Each point (except at y = 0) gets two
contributions, depending on which nucleus
emits the photon

Relative importance depends on rapidity
6



Rapidity ambiguity

(a) Pb Pb (b) Pb Pb

Jihy HH Jhy
Detector Detector

Pb Pb Pb Pb

dopyp,

dy

known unknown unknown

=11(1,0) 0, (¥) +1(=1,0)T 1, (= 3)

The PbPb cross section at a given
rapidity depends on two photonuclear
(YPb) cross sections, depending on
which nucleus emits the photon.

Each photonuclear cross section is
multiplied by a flux factor, which
depends on impact parameter

A more useful approach is to calculate
the flux factor for an impact
parameter profile, e.g. for a specific
process.

These flux factors can be obtained
from an external programme, such as
nOOnN or STARIight.



Rapidity ambiguity

(a) Pb Pb (b) Pb Pb

do
dPy"P" =1(1,0) 0,5 (¥)+1(=1,0)0 5y (=)
known unknown unknown

calculable calculable

KINEMATICS
e ytellsus about W

. VVbe2 = My SNNeXp(_y)

For identical incoming projectiles, a
single rapidity measurement feeds
both signs of rapidity.

We need to be able to disentangle
them.

The fluxes are calculable

Not possible to calculate the cross
sections from a single measurement of
do/dy.



Neutron emission
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no neutron emission on either side
neutron emission on “A” side
neutron emission on “C” side
neutron emission on both sides

Some of the time, an additional photon can be
exchanged as a final-state interaction, giving rise to
the emission of one or more neutrons.

The likelihood of this occurring is impact-
parameter dependent.

Different types of neutron emission (no neutrons
emitted, neutrons emitted on one side, neutrons
emitted on both side) have different impact
parameter profiles.

Measuring them will generate a system of
simultaneous equations.

dil% =n(y,0n0n )0, (¥)+n(—y,0n00)0 (=)

% = 1(,00X) G (1) + (=7, 00XN)G py (—3)
dz—;’l’b =n (y, XnOn) O o, (V) +1(=y, Xn0n)o p, (1)
dil% =n(y,XnXn)o p, (¥) +n(—y, XnXn)o ,, (=)

V. Guzey, E. Kryshen and M. Zhalov, PRC 91 (2016) 05506
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Rapidity distributions, separated by neutron classes
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e
P u t I t to et h e r Table 4: Theoretical input needed to obtain the photonuclear cross section and the nuclear suppression factor,
Photon fluxes, see Eq. (1), computed with nfn for the different neutron classes and rapidity ranges. The last
column shows the value of r:rj:'ﬁ:, as computad in Ref. [17].

¥y myl0nOn) ny0nXn+XnOn) nyXnXn) o, (ub)

15<y=4 178.51 18.18 6.34 10
FLUX Ty« 1S 162,00 18.19 6.34 14
e We can use the impact parameter profiles 25<y<3 14746 18.19 6.34 19
mpactp P FACTORS  g2cy-08  77.88 17.88 6.33 48
to calculate an integrated flux 02<y<02 6286 (7.47 6.27 58
: : : : —08 <y —0.2 4831 16.75 618 71
[ J J
-Usmg.the k.nown differential cross sections ieye_25  am s ) 7g 6
in rapidity intervals, we can set up (and —35<y< -3 1.22 215 1.42 215
. —4 < y< —35 0.26 0.61 0.48 262
solve) the system of simultaneous
H Table 5: Photonuclear cross sections extracted from the UPC measuements using the procedure described in
equatlons o o
. . the text The qum&l uncertainties ame uncormelated (unc.), cormelated (oo ), causad by migrations across neutron
b The resulta nt be Cross sections are ||Sted classes (mig.) and by variations of the flux fractions in the different classes (flux frac.). The lines separate the
differant ranges in [y Not2 that two photonuclzar cross sections in each rapidity interval are anti-correlatzd.
¥ Wipbn (GeV)  oypn (ub)  unc. (ub)  com (ub) mig. (ub) fux frac. (ub)
3I5<y<4 19.12 8.84 (.30 0.68 0.02 0.04
—4=y<-35 R13.05 57.32 2077 1.57 6.41 6.56
Foy< 35 24.55 13.89 0.23 1.08 0.05 0.08
-35<y< -3 633.21 46.58 .61 573 377 3.63
2Hi<y<3 31.53 16,80 (.59 1.32 0.11 0.18
Fluxes from nOOn J<y< 15 493.14 44.68 6.38 5.15 273 2.97
(M Broz et a|_’ CPC 235 (2020) 107181) 02<y<08 *5_‘?.[[ 2]_.]'.1 5.12 3.12 ;_1..12 273
—08<y< 0.2 160.10 25.00 7.33 4,88 543 31.91
—02<y<02 124.69 24.15 (.69 1.37 0.50 0.06
Rapidity W Cross
Intervals YPb sections
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ALICE-CMS cross section vs W,
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ALICE-CMS cross section vs W,
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ALICE-CMS cross section vs W,

10°
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Impulse approximation
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low energies
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J. Cepila, J.G. Contreras and M. Krelina P.R. C97 (2018) 024901
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Digression: pp and pPb

* Essentially the same process takes place in the reactions
pp—>pp Jy
pPb — pPb J/
where a proton (Pb nucleus) emits the photon.

* In the pPb reaction, the photon emitter is tagged (“leadshine”).

* The symmetric pp system is subject to the same rapidity ambiguity as
we have encountered for PbPb.



op results (LHCb)
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o(y+p — Jy+p) (nb)

oPb and pp

Bjorken-x
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ALICE ArXiv:2304.12403

Pb

p/Pb p/Pb

ALICE uses pPb data to look at the
proton.

Pb is much more likely to be the
emitter, resolving the ambiguity
Power law fits:

o
o=n iz
W
S, =0.70£0.04

S, =0.69+0.02
S,s =0.6710.03




Back to PbPb

* One of the fundamental questions for ion-ion interactions is to
understand how interactions in nuclei are modified with respect to
proton-proton

* A powerful tool is to look at suppression factors.
* We define the ratio

O
Pb L .
SPb = 4 IA Impact Approximation: what happens if there are no nuclear effects

IA
G}/Pb

* Allows us to assess the energy dependence.



Suppression Factor
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Little or no suppression at
low W

Possible flattening of
suppression curve at
highest energies

Shadowing (LTA) and
saturation(b-BK-A) both
give quite good descriptions
of high-W regime.
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Counts per 25 (MeV/c?)

t distribution for coherent J/\y production
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ALICE, PLB 817(2021) 136280

t related to p;?, but necessary to
correct for experimental resolution

|t| related to the transverse size of the
target (b and pt are Fourier
conjugates)

A model based on the form factor does
not describe data

A shadowing based, and a BK
computation with impact-parameter
dependence, close to data
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t distribution for incoherent J/\y production
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|t| related to the size of the target: effect of
smaller structures appears at larger |{|
Production off nucleons including hot spots
(CGC approach)
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t distribution for incoherent J/\y production
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t distribution for incoherent J/\y production
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t distribution for incoherent J/\y production
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t distribution for incoherent J/\y production
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Jet studies



Jet Production
ATLAS multijets

emission side

Rapidity gap on photon

Rapidity gap on photon
emission side

Pb

o]

Pb

ATLAS-CONF-2022-021

/ Pb

|

Pb+X+Xn

RESOLVED |'

Two or more jets
produced

Nucleus that emits
gluon breaks up

Pb+X +Xn

Nucleus that emits
gluon breaks up
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Jet Production

3 Variables
H, = ZpTi
i
— Mjets _yjets
X, = —\/7 e
SNN
7 = Mjets +yjets

Xy, are z, fractions of
beam momentum on
nucleus and photon
sides.

ATLAS-CONF-2022-021

emission side

Rapidity gap on photon

Rapidity gap on photon
emission side

Pb / Pb
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Pb+X+Xn
Pb

RESOLVED |'

Two or more jets
produced

Nucleus that emits
gluon breaks up

Pb+X +Xn

Nucleus that emits
gluon breaks up
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z,dependence

Theory uses PYTHIA 8
with NCTEQ PDFs and
STARIlight photon fluxes

ATLAS-CONF-2022-021
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X, dependence
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CMS dijet azimuthal correlations

* CMS considers dijets with
transverse momenta p;, and

P12

P = (pTl _pT2)

2
Or :(pTl +pT2)
b0 = B || Or | cos®

CMS PRL131 051901 2023
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<cos(2d)> rises with Q; and effect is overestimated by RAPGAP
Such increase in azimuthal asymmetry has been associated with gluon saturation
(See e.g. A. Van Hameren et al., Phys. Lett. B795 511)



Summary

* Many UPC studies now exist, from all the LHC collaborations

* Vector meson production, particularly the J/vy, is the most developed
probe.

* Similar studies can be done with other vector mesons (p,$, v(2S), Y)
The heavier probes, in particular, give different hard mass scales

* Studies reveal quite significant shadowing effects as x decreases,
which are yet to be understood.

* ATLAS and CMS have initiated studies into UPC jets. Characterisation
is as yet not fully developed, but this is a promising new probe.
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Ambiguity problem: use EMD

ZNC energy (TeV)

Guzey, Strikman, Zhalov, EPJ C74 (2014) 2942

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

10°

10?

| ALICE, JHEP 06 (2020) 035 |

10

ZNA energy (TeV)

0nOn: no EMD neutron (large b)
OnXn: single EMD (medium b)
XnXn: mutual EMD (smaller b)

Three independent measurements at the same
rapidity, but different impact parameters

Guillermo Contreras, CTU in Prague




p? diffractive dip
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“... a diffraction dip is clearly seen in the transverse
momentum distribution...”

ALICE JHEPOG6 (2020) 35
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