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PHOTON PHYSICS IN UPC

vs. our predictions

~ PHYSICS IN UPC
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EPA THEORY
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EQUIVALENT PHOTON APPROXIMATION

I £—» The strong electromagnetic
] i field is a source of photons
b jl& mwvw W that can induce
G electromagnetic reactions
‘_? I in ion-ion collisions.
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EPA THEORY

NUCLEAR CROSS SECTION EDS BLots 2017
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EPA FORM FACTOR
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PHOTON FLUX & FORM FACTOR

X charge distribution in nucleus
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FIG. : Elastic scattering of electron-nucleus
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FORM FACTOR
» realistic charge distribution

F(qz) = ﬁ;]/p(r) sin (|q| r) rdr
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1. FOUR-LEPTON PRODUCTION
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DOUBLE /T /= PAIR PRODUCTION
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AA % AAe+e_ _ CALCULATIONS VS. DATA EDS BLoOIS

> ALICE Collaboration (Abbas, E. et al.),
Charmonium and et 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 /*/~ pair production
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DOUBLE /T /~ PAIR PRO
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DOUBLE I/~ PAIR P
AA — AAe+ e & AA N AAe+ e e+ e EDS BLoIS 2017
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AA — AAT~ & AA — AAp Tt
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DOUBLE /T /~ PAIR PRO
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DOUBLE /T /= PAIR PROD

AA—AAL T
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| T purely theoretical distribution || T DS "strongly” dominates |
| It is difficult to isolate range of SS domination |

*DS - double-scattering mechanism )
*SS - a NEW single-scattering mechanism DU ACADEMY OF SHENCES
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PHOTON-PHOTON

2. v — v ELASTIC SCATTERING
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We have compared our results with:

N ’ > Jikia et al. (1993),
’ o v W y P Bernetal. (2001),
o y , ; > Bardin et al. (2009).
Bern et al. consider QCD and QED corrections
v e ¥ y
:H:E: (two-loop Feynman diagrams) to the one-loop
floF r F
. F , F y B fermionic contributions in the ultrarelativistic limit
v y v
Fermionic box LO QED - FormCalc. (3, 11, 8] > m?). The corrections are quite small

The one-loop W box diagram - LoopTools. numerically. PO ACADIN OF SHACE
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PHOTON-PHOTON SCATTERING
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2-GLUON EXCHANGE
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EXPERIMENTAL IDENTIFICATION OF PROCESSES?
v boxes

v VDM-Regge
v 2-gluon exchange

W = 10 GeV U= H0ERY W — 200 GeV

T T2 gluon exchange, =4
—— m=0.75 GeV
——m=0

W=10 GeV

T T2 -gluon exchange, =4
— 75 Gev

W=50 GeV

~ — ~ Collider (the International et e~ Linear Collider) ?
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PHOTON-PHOTON SCATTERING
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t— and u—channels (leading to broad continua)

» P, Lebiedowicz, A. Szczurek,
The role of meson exchanges in light-by-light scattering,
arXiv:1705.06535 [hep-ph], Phys. Lett. B - in print
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AA—AA~7y - FORM FACTOR
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T VDM-Regge dominates for W, > 30 GeV || T several events / GeV |

Imonopole - 7 for |arger values of kinematic variables
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PHOTON-PHOTON SCATTERING
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AA—>AA’y’y - TOTAL CROSS SECTION [NB]

EXCLUSIVE PRODUCTION OF PHOTON PAIRS; UPC
at LHC (\/Syy = 5.5 TeV) and FCC (/Syy = 39 TeV)

boxes VDM-Regge
cuts Frealistic Fmonopole Frealistic Fmonopole
W+~ > 5GeV 306 349 31 36
Wy~ > 5GeV, py 4 > 2GeV 159 182 7E-9 8E-9
Ey > 3GeV 16 692 18 400 17 18
Ey > 5GeV 4800 5450 9 611 'ON-PHOTON
Ey >3GeV, |yy| <25 183 210 8E-2 9E-2 T
Ey >5GeV, |y,| <25 54 61 4E-4 7E-4
pt,~ > 0.9 GeV, |y~ | < 0.7 (ALICE cuts) 107
Pty > 5.5GeV, |y~| < 2.5 (CMS cuts) 10
Vs=39TeV, W, > 5GeV 6 169 882
V5=39TeV, E, > 3GeV 4 696 268 574

= | o =306 nb
> D. d’Enterria and G. G. da Silveira,

Observing light-by-light scattering at the Large Hadron Collider,

Phys. Rev. Lett. 111 (2013) 080405 =|oc=35+£7nb
Erratum: Phys. Rev. Lett. 116 (2016) 129901 = | 0 = 370 £ 70 nb
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Events / 0.005

PHOTON-PHOTON SCATTERING

AA—>AA’)/7 - THEORETICAL PREDICTIONS VS. EXPERIMENT

> ATLAS Collaboration (Aaboud, Morad et al.),
Evidence for light-by-light scattering in heavy-ion collisions
with the ATLAS detector at the LHC,
arXiv:1702.01625 [hep-ex], CERN-EP-2016-316
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X Il <24
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v vy — ~7 - using our calculations

v background:
vV vy — ete
v 99 = 7y
v vy —qQq
v 13 events were observed

(; 5 10 15 20 25 30X Aco < 0.01
my, [GeV]

ATLAS = | o = 70 £+ 20(stat.)+17(syst.) nb |
from ours model = | 0 =49+ 10 nb
PRL (2013)/(2016) = | c =45+ 9nb
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PHOTON-PHOTON SCATTERING
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AA—>AA’)/”Y - CORRELATION IN RAPIDITY

boxes VDM-Regge - t-channel

VDM-Regge - {s,,,=5.5 TeV, E >3 GeV
e e

1
107
>f: 10
10°®
10%
T dominates in midrapidity | T larger y,
= ATLAS |n] > 8.3 7DG ? | VDM-Regge can be difficult to measure... |

= CMS |n| > 8.5
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PHOTON-PHOTON SCATTERING

AA—>AA’)/’}/ a FCALS REGION EDS BLoIs 2017
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3. PROTON-ANTIPROTON PAIR PRODUCTION EDS BLols 2017
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> M. Diehl, P. Kroll, and C. Vogt,
Two-photon annihilation into baryon anti-baryon pairs,
Eur. Phys. J. C26 (2003) 567

| Free parameters: off-shell form factors, the coupling constants. | s
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Yy — p[_) - RESULTS VS. DATA

|cosf| < 0.6 | == hand-bag model
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do(y ¥ — p PY/dicosd| [nb]
do(y ¥ — p P)/d|cose| [nb]
doly ¥ - p p)dicose| [nb]
do(y v — p P)/d|cosd| [nb]

do(y Y — p p)/d|cos| [nb]

is(y ¥ — p P)/d|cos6| [nb]
doly ¥ - p p)/dicoss] [nb]
do(y ¥ — p P)/d|cosh| [nb]

INSTITUTE OF N wysics
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do(y ¥ — p p)/d|cos8| [nb]

do(y v - p P)/dicose] [nb]

0.035}

p p)/d|cose| [nb]

do(y v - p p)/d|cose] [nb]

PROTON-
ANTIPROTON
PRODUCTION

do(y ¥ — p p)/d|cosb] [nb]

STITUTE OF NUCLEAR PHYSICS
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| Cross section ~ mb |
| Can be studied by ALICE, ATLAS, CMS group? |
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CONCLUSIONS

EPA in the impact parameter space CONCLUSIONS
Realistic charge distribution in the nucleus
Calculations for ultrarelativistic heavy-ion collisions
4-leptons production
» DS mechanism for et e~ e e~ production:
ot Very strongly depends on p; min OF ye range
» DS and (a new) SS mechanism for utpu=ptp~
production:
it is difficult to isolate a region where SS dominates
> oaasaari- = 1000 X oaas aar - 1+1-
Light-by-light scattering
» 4 subprocesses (only boxes are important for
experimental limitations for nuclear collisions)
» we get measurable cross section
» our predictions are compatible with ATLAS result
Proton-antiproton production
» 4 subprocesses (good agreement with Belle data)
» Nuclear cross section ~ mb THANK YOU
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