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EPA

EQUIVALENT PHOTON APPROXIMATION

The strong electromagnetic field is a source of
photons that can induce electromagnetic
reactions in ion-ion collisions.
Electromagnetism is a long-range force, so
electromagnetic interactions occur even at
relatively large ion-ion separations.

| Photon energy: w = 7 ~ v x 15 MeV |

Virtuality: Q% = 25 ~ 0.0008 GeV?2
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We have compared our results with:
Q Jikia et al. (1993),
O Bernetal. (2001),
O Bardin et al. (2009).

Bern et al. consider QCD and QED corrections
(two-loop Feynman diagrams) to the one-loop fermionic
contributions in the ultrarelativistic limit (3, |#|, || > m?).
The corrections are quite small numerically. ‘iﬁ

g o




LIGHT-BY-LIGHT YA = A

ELEMENTARY CROSS SECTION
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LIGHT-BY-LIGHT NUCLEAR CR(

AA—AA~~y - FORM FACTOR
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LIGHT-BY-LIGHT NUCLEAR CROSS SECTION

AA— AA~y - ATLAS RESULTS

> ATLAS Collaboration (M. Aaboud et al.),
Evidence for light-by-light scattering in heavy-ion collisions with the ATLAS detector at the LHC,
Nature Phys. 13 (2017) 852
Phys. Rev. Lett. 123 (2019) 052001
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LIGHT-BY-LIGHT NUCLEAR CRO ECTION

AA—AA~7y - CMS & ATLAS RESULTS - M,., > 5 GEV

» CMS Coll., Phys. Lett. B797 (2019) 134826 » ATLAS Collaboration, JHEP 03 (2021) 243
x E, >2GeV X E, >2.5GeV
X Inyl <24 X Iny| < 2.4
X My, > 5GeV X Myy > 5GeV
X Pty < 1GeV X Pty < 1GeV
X Aco < 0.01 X Aco < 0.01
Experiment Theory
Nuclear radius: R = ROA% Glauber model
Collaboration onb o(b = 13fm) o(b = 14.8fm) o(b = 20fm)
ATLAS (2018 data) 78 + 13(stat.)+7(syst.) 52 50 45
ATLAS (2015+2018) 120 + 17(stat.)4-13(syst.) 82 80 71
CMS (2015) 120 + 46(stat.)+28(syst.) 105 103 92
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2022 RESULTS
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This result paves the way for combining existing or forthcoming measurements using LHC
heavy-ion collisions and provides an additional experimental input to the comparison with
state-of-the-art predictions from quantum electrodynamics.

= The European Union’s Horizon 2020 research and innovation program under the STRONG-2020,
G. K. Krintiras, I. Grabowska-Bold, M. Ktusek-Gawenda and E. Chapon R. Chudasama and R. Granier de Cassagnac,
arXiv:2204.02845 [hep-ph];
Light-by-light scattering cross-section measurements at LHC {ﬁ INSTITUTEOF NUCLEAR Pvscs
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HIGHER ORDER PROCESSES..?
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AA—AAyyFOR M,, <5 GEV ?

NUCLEAR CROSS SECTION

BACKGROUND

»+ P, Lebiedowicz, A. Szczurek,
The role of meson exchanges
in light-by-light scattering,
Phys. Lett. B772 (2017) 330
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M, <5 GEV = PIONIC BACKGROUND

» M. K-G, A. Szczurek, .Mm
atn~ and 7070 pair production in T, A ~N
photon-photon and in ultraperipheral N
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Phys. Rev. C87 (2013) 054908 -
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UPC OF AA...
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EXPERIMENTAL CONDITION
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AA—AA~y @ MIDRAPIDITY
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NUCLEAR CRO ECTION

AA—AA~yy @ FORWARD REGION ?

v ALICE Collaboration,

Letter of Intent: A Forward Calorimeter (FoCal) in the ALICE experiment,

CERN-LHCC-2020-009

— 3.4 <n<58
The forward electromagnetic and hadronic calorimeter is an upgrade to the ALICE experiment, to

be installed during LS3 for data-taking in 2027—-2029 at the LHC.
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AA—AA~yy @ FORWARD REGION ?
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AA—AAYy @ FORWARD REGION ?

fermionic boxes 2-gluon exchange
PbPb—PbPbyy, sy, = 5.02 TeV, PbPb—PbPbyy, sy = 5.02 TeV,

p >0.1 GeV, fermionic boxes
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y
Va2l < 0.9, ° [yl <09, ©34<y,,<58
34<y, <58

|9 N




LIGHT-BY-LIGHT NUCLEAR CRO

AA—AA~yy @ FORWARD REGION ?

RATIO = 2-gluon exchange / boxes

PbPb—PbPbyy, |/s, = 5.02 TeV, p, >0.1 GeV,

RATIO=2-gluon exch./boxes
—— T
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CONCLUSION

CONCLUSION

O UPC of heavy-ion opens a possibility to measure
or to test the vy — ~~ scattering:
o mesons decay (W, < 4 GeV),
o pionic background (W, < 2 GeV),
o fermionic boxes (W, > 2 GeV),
o VDM-Regge (W, > 30 GeV),
o 2-gluon exchange (W, > 30 GeV);
O Measurable cross section;
ATLAS/CMS have observed 13—59—80/14 events confirming LbL scattering in UPC;
O ALICE and LHCb could measure LbyL scattering for W, > 2 GeV in Pb-Pb and Ar-Ar
collisions with very good statistic;
O Importance of n & o’ for Wy, < 2 GeV;
Collaboration - theoreticians and experimenters;
O Future - low p; and forward rapidity region.
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