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O Equivalent Photon Approximation
O UPC - Light-by-light scattering
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CLASSIFICATION

@ Collision energy:

O low energy processes:
V5NN < 10 MeV/nucleon;
intermediate energies:
/5NN = (10 — 100) MeV/nucleon;
relativistic energies:

Qo

Qo

V/Snn = (0.1 — 100) GeV/nucleon;

O ultrarelativistic energies:

/SNy > 100 GeV/nucleon;

@) Type of production: -

@) Centrality (for 2°5Pp):

central collisions: b ~ (0 fm +Ab);
semi-central collisions: b = (5 — 10) fm;
semi-peripheral collisions: b ~ (10 — 12) fm;
peripheral collisions: b = (12 fm —(Ry + Ry));
ultraperiperal collisions: b > (R + Ro);

where R = FIOA1/3.
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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 = § ~ v x 15 MeV |
| Virtuality: Q® = 15 = 0.0008 GeV? |
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EPA

EQUIVALENT PHOTON FLUX VS. FORM FACTOR
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LIGHT-BY-LIGHT

LIGHT-BY-LIGHT SCATTERING

O Maxwell classical theory

v light doesn’t interact with each other

O Quantum theory

v interaction of photons through
quantum fluctuations
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® | o(yy = vy) x oy,

® Photon beams
X High-power lasers
> K. Homma, K. Matsuura, K. Nakajima,
PTEP 2016 (2016) 013C01
Testing helicity-dependent vy — v~
scattering in the region of MeV
v Ultrarelativistic heavy-ion collision

O Cross section o< Z*
O Quasi-real photons

WELL-KNOWN

Fermionic boxes (LO QED)

~ N
N m”m N
Yy vy, oW N
W W
N N
m”m PVFJF\F\/ w mmm i
“, N “1
RN} L
W Box

FormCalc. LoopTools.

Moy 2 = 0 £, 0, 8)

| VDM-Regge |

v

Y Y
g[l’[)? 9 9
v VIV NAAY VNV

9

WE ADD | 2-gluon exch. |

NUCLEAR PHYSICS
EMY OF SCIENCES




LIGHT-BY-LIGHT
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We have compared our results with:
O Jikia et al. (1993),
O Bernetal. (2001),
O Bardin et al. (2009).

Bern et al. consider QCD and QED corrections
o (two-loop Feynman diagrams) to the one-loop fermionic
Fermionic box LO QED - FormCalc. contributions in the ultrarelativistic limit (3, |1, || > m?).

i i ite small numerically.
The one-loop W box diagram - LoopTools. The corrections are quite small numerically. INSTTUTEOT RUCIEAR rvsics




LIGHT-BY-LIGHT ELEMENTARY CR SECTION

EXPERIMENTAL IDENTIFICATION OF PROCESSES

v boxes
v VDM-Regge
v 2-gluon exchange
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LIGHT-BY-LIGHT NUCLEAR CR

AA—AA~~y - FORM FACTOR
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LIGHT NUCLEAR CR
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Ey > 5GeV 4 800 5450 9 611
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C
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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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v vy — v - Our results
v background:

v e ATLAS = | o = 70 + 20(stat)£17(syst.) b |
v 99 =7 (2019)* = | o = 78 + 13(stat.)£7(syst.)£3(lumi.) nb
v yvv—4qq

v 13 events Ourresult = | 0 =51 £0.02 nb

59 events (2019)* &fe wimin .
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LIGHT-BY-LIGHT NUCLEAR CROSS SECTION

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

» CMS Coll., Phys. Lett. B797 (2019) 134826 »+ ATLAS Collaboration, JHEP 03 (2021) 243
X Ey, >2GeV X E, >25GeV
X |ny| <24 X |ny| <24
X Myy >5GeV X Myy >5GeV
X pt"r’Y < 1GeV X pt’Y’Y < 1GeV
X Aco < 0.01 X Aco < 0.01
Experiment Theory
Nuclear radius: R = ROA% Glauber model
Collaboration o nb 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.)+-13(syst.) 82 80 71
CMS (2015) 120 = 46(stat.)+28(syst.) 105 103 92
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Y-LIGHT NUCLEAR CR SECTION

2022 RESULTS
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This result paves the way for combining existing or forthcoming measurements using LHC
heavy-ion collisions and provides, within the studied phase space region, 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-Botd, 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 {E o




LIGHT-BY-LIGHT NUCLEAR CR

HIGHER ORDER PROCESSES..?

~7 invariant mass
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| Coherent sum of both processes...? |
Pionic boxes...?
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LIGHT-BY-LIGHT NUCLEAR CRO
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= P. Lebiedowicz, A. Szczurek, = M. K-G, A. Szczurek, Phys. Rev. C87 (2013) 054908;
Phys. Lett. B772 (2017) 330, 7+~ and w070 pair production in photon-photon
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The role of meson exchanges in light-by-light and in ultraperipheral ultrarelativistic heavy-ion {ﬁ e
scattering collisions »




LIGHT-BY-LIGHT NUCLEAR CROS

UPC OF AA...
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-LIGHT NUCLEAR CROSS SECTION
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LIGHT-BY-LIGHT

NUCLEAR CR(

AA—AA~y @ MIDRAPIDITY
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LIGHT-BY-LIGHT

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<5b8
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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LIGHT-BY-LIGHT NUCLEAR CROSS SECTION

AA—AA~yy @ FORWARD REGION ?
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LIGHT: NUCLEAR

AA—AA~yy @ FORWARD REGION ?

fermionic boxes 2-gluon exchange
PbPb—PbPbyy, sy, =5.02 TeV, PbPb—PbPbyy, sy, =5.02 TeV,
p,>1 GeV, fermionic boxes ; p,>1 GeV, 2-gluon exch. m =0 GeV .
e 10 10

oy, <09,
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SEMICENTRAL COLLISION

SEMICENTRAL HEAVY-ION COLLISIONS

> From ultraperipheral to semicentral collisions — dilepton sources
> ~~ fusion mechanism
> Invariant mass ;
> Low-P7 dilepton spectra .
> SPS (NA6O data) ~ !;HICpSTARp > Acoplanarity
> RHIC (STAR data) T he (i\LICE data)) > LHC (ATLAS data)
> LHC (ALICE data) Is e
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SEMICENTRAL COLLISION DIELECTRON

DIELECTRON INVARIANT-MASS SPECTRA - RHIC

v ~~v-fusion | 3 centrality classes |
Pt >0.2 GeV, . Y
v thermal radiation
me| <1 v hadronic cocktail
Vere— <1
10? STAR-200GeV Au: 60-80% STAR-200GeV Au: 60-80%
10 . 40-60% x 107 40-60% x 1079
. 10-40% X 107 -
1 Yy—e'e sum of yy—e'e , ilnof#e[gsi:1<m 1;?,
77777777 in-medium p + QGP QGP and cocktail
———- cocktail J
s, E

S
5

and is comparable to the cocktail and thermal radiation yields in semi-central collisions.
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SEMICENTRAL COLLIS

EPA in the impact parameter space - the pair transverse momentum P.‘fr is neglected
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2 2 2 2 2
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2 2
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The factorization formula is written in terms of the Wigner function:
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SEMICENTRAL COLLISION

DIELECTRON

PAIR TRANSVERSE MOMENTUM - RHIC & LHC

pt >02Gev, PLB790 (2019) 339 pt >0.2GeV,
VS.
[nel<1 — PLB814 (2021) 136114 Ine|<0.8

c=(60-80)%
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. 0.76-1.2 Gev x 107
. 1.20-2.6 GeV x 107
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M, o =(1.1-2.7) GeV

102 T T T T3
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https://doi.org/10.1016/j.physletb.2019.01.035
https://doi.org/10.1016/j.physletb.2021.136114

SEMICENTRAL COLLISION DIMUON

ACOPLANARITY - ATLAS DATA
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pt >4GeV,

A successful description of ATLAS data by ~~-fusion alone | M,,.,~ =(4-45) GeV,

A correct normalization and shape of the distributions |nu|<2.4 L s
L
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SEMICENTRAL COLLISION CHARMONIUM

CHARMONIUM PHOTOPRODUCTION

The inclusion of the absorption effect by modifying R T
effective photon fluxes in the impact parameter space. soof- D)
r —N?(,b)
0(Ra — by — b) =T ;
1 2
N( )(w1,b) = /N(W1’b1)Td by ﬁ-200; E
A 3 f I
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| A successful description of ALICE data | ‘ ‘ \ ]
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CONCLUSION

00O

@)

EPA in the impact parameter space
Ultraperipheral & semicentral heavy-ion collisions
Fourier transform of the charge distribution
Multidimensional integrals — differential cross
section
Description of experimental data for UPC and
semicentral events

O STAR-ete ,ntn ntmw™

O ATLAS - vy, ptu~

O ALICE - ete—, J/oy

O CMS - vy
Predictions focused on experimental acceptance

O p*p~p*p~ - single & double scattering

O e*te e*e~ - double scattering

O pp

o wtn~ & w00

Q v for My, < 5 GeV
Study of a, in UPC

Collaboration - theoreticians and experimenters

Thank you

Future - low p¢

Photon collisions: Photonic billiards might be the
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Ultraperipheral collisions of lead nuclei at the LHC
accelerator can lead to elastic collisions of photons with
photons.

Creation without contact in the collisions of lead and
gold nuclei, EurekAlert!

Semicentral or central collisions of lead nuclei in the LHC
produce QGP and a cocktail with contributions of other
particles. Simultaneously, clouds of photons surrounding
the nuclei collide, resulting in the creation of £* ¢~ pairs
within the plasma and cocktail, and in the space around
the nuclei. ﬁE ;
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https://www.eurekalert.org/news-releases/503969
https://www.eurekalert.org/news-releases/525821
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