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Introduction

Our recent works related to UPC:

1. PbPb — PbPbe*e™ and PbPb — PbPb "1~
2. PbPb — PbPb,’

3. PbPb — PbPbp°p°
single versus double scattering

4. PbPb — PbPbs*7~ and PbPb — PbPb7r%7°

5. PbPb — PbPb~~ (UPC)
extraction of vy — ~~ cross section

6. PbPb — PbPbpp (UPC)
~v — pp as a background to J /1) — pp process.

7. PbPb — PbPbefe~ete™ and PbPb — PbPby pu~ putp™

8. PbPb — PbPbJ /1)
photoproduction not only in UPC



UltraPeripheral heavy-ion Collisions
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Photon-photon scattering
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UltraPeripheral heavy-ion Collisions

Two categories of processes:
(a) photon-photon processes

(b) photon (or its hadron fluctuation) rescattering in the second nucleus
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Nuclear Cross Section
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Photon flux & Form factor

O charge distribution in nucleus
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Form factor & Photon flux

» realistic charge distribution

F (qz) - |4q_7r|/ﬂ(r)sin(lqlr)fdr
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O M. K-G and A. Szczurek,
wtx— and 7970 pair production in photon-photon and in ultraperipheral ultrarelativistic
heavy ion collisions,
Phys. Rev. C87 (2013) 054908

Both vy — 77~ and vy — 7%70 subprocesses
Several resonances (scalar, tensor), continuum, pQCD ala
Brodsky-Lepage, hand-bag mechanism
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Total cross section

10°
@“Qaf
®ALEPH - 10%E *O\\ ') e Crystal Ball -
g i
—_ Belle — g 3‘ Belle
£ 8
E CELLO i l F ‘,,[H
TE 10 *CLEO E ‘?’; 10 E
= E OTwo Gammag % ¥ \
o F Mark il ] R sum
> 1 AVENUS > 1F E
= F > E
5 ®
10%E E 101 E
2l L Y I ] [ N
10% 6 10% 1 2 3 5 6

W, = My [GeV]

Good description of the data
vy — f2(1270) — 7w resonance contribution is dominant

4
W, = My [GeV]



Anaillar distribiitions
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AA — AAp°
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YN — pON
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Parameters fixed to describe HERA data:
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Single p° meson production

IP/IR

A A A A

doa, A, —A AV _ dP.p (b,y) N dPp., (b,y)
d?bdy dy dy
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nuclear form factor



A rescattering model for YA — p°A reaction

do A/AﬂPOAt tr]gx &t |FA )|2 dU'A/AﬂPOA(tZO) . Oéemfftzot(/)OA)

OyA—p0A = dt = 4f20
P

» classical mechanics Glauber.
ot (p°A) = [d?r (1 — exp (—otot (p°p) Ta(r) ))
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o0 (A =2 fer (1-exp (~3ow (1°P) Ta () ))

nucleus thickness: Ta (r) = [dzpa (\/ Ir|? + 22)
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AA—AAL® vs Glauber model
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Smearing of p° mass

dO'AA—>AAPo — (m)dUAA—>AAp0 (y7m)
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Smearing of p° mass

A(m)
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Parameter ZEUS STAR ALICE

m o [GeV] 0.774+0.002 0.775+0.003 0.761 + 0.0023

[0 [GeV] 0.146 +0.003 0.162+0.007 0.1502+5.5
% [Gev~1/2] 0.669 0.89 +0.08 0.5+ 0.04

m [GeV] (0.55 - 1.2) (05—-1.1) (0.28 —1.512)




Single p° meson production
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Single p° meson production

GM | FSZ | KN

Our result

m o = const | m o # const

Experimental data
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V/Snw = 2.76 TeV; full |ypo| ALICE
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|  4254+107%

GM - V.P. Gongalves and M.V.T. Machado, "The QCD pomeron in ultraperipheral heavy ion

collisions. IV. Photonuclear production of vector mesons”,

Eur. Phys. J. C40 (2005) 519,

FSZ - L. Frankfurt, M. Strikman and M. Zhalov, "Signals for black body limit in coherent
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KN - S. Klein and J. Nystrand, "Exclusive vector meson production in relativistic
heavy ion collisions”, Phys. Rev. C60 (1999) 014903




Double-scattering mechanism
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Double-scattering mechanism vs ~~ fusion
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Double-scattering mechanism
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Double-scattering mechanism at RHIC
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Double-scattering mechanism at LHC
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Comparison of the mechanisms

Energy mechanism oot [Mb]

RHIC (y/snn = 200 GeV) double-scattering 1.6
—||—= p°p% in v fusion 0.1

—I|- ata~ntr™ in vy fusion 0.1

Reference: M. Klusek-Gawenda and A. Szczurek "Double-scattering mechanism in the
exclusive AA — AAp° o0 reaction in ultrarelativistic collisions”,
Phys. Rev. C89 (2014) 024912



Two-pion production

s BB A ey
F Sy = 3.5 TeV -
i Vo U yIP-p°(1450)
10 /\ — worn
< I/ :
() 3 i
010 7 \ -
S E \ E
éloz? \‘\ —
E E E
E F ~ 7
% N i
5 10F E
Tt ]
1= E
10.17”H\HH\HH\HH\HH\HHf
0 0.5 1 1.5 2 2.5 3

M, [GeV]

Reference: M. Klusek-Gawenda and A. Szczurek, "r 7~ and 7%7C pair production in
photon-photon and in ultraperipheral ultrarelativistic heavy ion collisions”,

Phys. Rev. C87 (2013) 054908



AA—AA~~ - form factor dependence
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~ — ~ elastic scattering
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VDM-Regge contribution A z
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Photon collisions:

Photonic billiards might be the newest game!
number of count
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www.eurekalert.org/pub_releases/2016-05/thni-pcp051916.php

Events / 0.005

AA—AA~~ - theoretical predictions vs. experiment

O ATLAS Collaboration (M. Aaboud et al.), Nature Phyis8 (2017) 852
Evidence for light-by-light scattering in heavy-ion collisions with the ATLAS detector

at the LHC
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M., <5 GeV = Meson excha g
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M., < 5 GeV = 7%7% Background
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AA—AAyy for M., <

5GeV?
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AA—AAyy for M., > 2 GeV ?

Our Predictions
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Four-lepton production
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AA — AAeTe™ - calculations vs. data

O ALICE Collaboration (Abbas, E. et al.),
Charmonium and e*e~ pair photoproduction at mid-rapidity in ultra-peripheral Pb-Pb
collisions at \/syy = 2.76 TeV,
Eur. Phys. J. C73 (2013) 2617
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Good description of single pair production = two e*e~ pair production
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AA — AAeTe” & AA — AAeTe eTe™
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Ratio depends on /Sy and py min




AA — AAu T~ - calculations vs. data

O ATLAS Collaboration,
Measurement of high-mass dimuon pairs from ultraperipheral lead-lead collisions at
v/Snn = 5.02 TeV with the ATLAS detector at the LHC,
ATLAS-CONF-2016-025
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AA—AA. T~ - form factor
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AA — AALT & AA — AALT e
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vy — pwu”put T - single scattering
() T

KATIE- an event generator that is specially designed B
to deal with initial states that have an explicit transverse "
momentum dependence, H
but can also deal with on-shell initial states. ~ oo
KATIE is a parton-level generator for hadron scattering, but
requires only a few adjustments .
to deal with photon scattering. A A
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| T purely theoretical distribution

T DS dominates

| It is difficult to isolate range of SS domination |

*DS - double-scattering mechanism
*SS - a NEW single-scattering mechanism
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Pt,u+ = Py, = construction of similar distributions by ALICE or CMS?




Al o

>

>

T e
/T: >

Al
Ay

(41), \/Snn = 5.02 TeV
experimental cuts

experimental cuts

(4€), \/Sun = 5.5 TeV ‘

| I |

lyi] < 2.5, pt > 0.5 GeV
lyi| < 2.5, py > 1.0 GeV
lyi] < 0.9, pt > 0.5 GeV
lyil < 0.9, py > 1.0 GeV
lyil < 2.4, pt > 4.0 GeV

815 || ly;| < 2.5, pt > 0.5 GeV
53 || lyil <25, p; > 1.0 GeV
31 || lyil <1.0,p; > 0.2 GeV

2 || lyj| <1.0,p; > 1.0 GeV
<1

235
10
649
1

CMS and ALICE = p; ¢yt = 1 GeV
ATLAS = p oyt = 4 GeV P

ALICE = p, ¢t = 0.2 GeV
otential background

l,/_sNN =55TeV, y| <4.9

Reaction

Pt,min = 0.3 GeV | pymin = 0.5 GeV

PbPb — PbPbrTn—ntn—
PbPb — PbPbete~ete~

2.954 mb 8.862 ub
7.447 b 0.704 pb




Proton-antiproton pair production

Y(P1, A1) +v(P2, A2) — P(P3, A3) + P(Pa, Aa)

p—exchange _ .
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O M. Diehl, P. Kroll, and C. Vogt,
Two-photon annihilation into baryon anti-baryon pairs,
() g 1) Eur. Phys. J. C26 (2003) 567

| Free parameters: off-shell form factors, the coupling constants.




vy — pp - results vs. data

|cos6| < 0.6 | —+ hand-bag model
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Angular distributions
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without hand-bag
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AA — AApp results
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Photon-induced reactions at peripheral or semicentral
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Pbe—>PbeJ /\IJ (semicentral/peripheral)
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Experimentally one sees a small-p; enhancement
The situation for J/+ is unique, photoproduction cross section is of a
similar size as for incoherent production



Conclusion
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EPA in the impact parameter space
~vA — V (multiple scattering) or vy — X1 X2(X3X4)
Realistic charge distribution

Predictions for Pb Pb — Pb Pb 7+ 7~ and Pb Pb — Pb Pb 7979,
(fixing model parameters from vy — 7 Belle data)

Description of the ATLAS data for Pb Pb — Pb Pb v & for
ALICE and ATLAS data for Pb Pb — Pb Pb I I~

PbPb — PbPb putp putp™ = 085" < ops
Difficult to isolate a region where SS dominates
opa—anai+i- = 1000 X oan_par+i-1+1-

The cross sections for four-lepton production strongly depend
on the p; min and y;

Light-by-light scattering in UPC for M, <5 GeV - new project

Predictions for Pb Pb — Pb Pb pp
(fixing model parameters from v+ — pp Belle data)
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O Multlple Coulomb eXC|tat|ons

A(Ef = E1)

A (B = B))

Ref.

M. Klusek-Gawenda, M. Ciemata, W. Schéfer and A. Szczurek, Phys. Rev.

C89 (2014) 054907,
"Electromagnetic excitation of nuclei and neutron evaporation in
ultrarelativistic ultraperipheral heavy ion collisions”

p° production in heavy ion UPC with nuclear excitation
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