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O Equivalent Photon Approximation
O Light-by-light scattering
O Leptons production

O Electromagnetic excitation of nuclei and neutron evaporation

UPC IN RUN 3 M. KLUSEK-GAWENDA Nov 21-25, 2022 PUEBLA 1/28



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 SCATTERING

LIGHT-BY-LIGHT SCATTERING

208Pb

208Pb
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LIGHT-BY-LIGHT SCATTERING

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

WELL-KNOWN
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X High-power lasers I VDM-Regge | I WE ADD I I 2-gluon exch. I

> K. Homma, K. Matsuura, K. Nakajima,
PTEP 2016 (2016) 013CO01
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scattering in the region of MeV %

IPIR g g
v Ultrarelativistic heavy-ion collision

O Cross section o< Z*; MY WA
Pb-Pb collisions = 82% ~ 45 x 108

O Quasi-real photons gﬁ
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LIGHT-BY-LIGHT
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LIGHT-BY-LIGHT SCATTERING ELEMENTARY CR SECTION

EXPERIMENTAL IDENTIFICATION OF PROCESSES

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

AA—AA~~y - FORM FACTOR
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TTERING NUCLEAR CR
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U(Pbe—> PbPb~~) [Nb] @ Hc (e = 5.5 Tev) & Foc (/s = 39 Tev)
boxes VDM-Regge
cuts Frealistic A ‘monopole Frealistic A ‘monopole
W+~ > 5GeV 306 349 31 36
W > 5GeV, pr 4 > 2GeV 159 182 7E-9 8E-9
L Ey > 3GeV 16 692 18 400 17 18
Ey > 5GeV 4 800 5450 9 611
H Ey >3GeV, |y | <2.5 183 210 8E-2 9E-2
Ey >5GeV, |y | <25 54 61 4E-4 7E-4
C | pt,~ > 0.9GeV, |y,| < 0.7 (ALICE cuts) 107
Pty > 5.5GeV, |y~y| < 2.5 (CMS cuts) 10
F | Wy, >5GeV 6169 882
C Ey > 3GeV 4 696 268 574
C
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LIGHT-BY-LIGHT SCATTERING 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)* ﬂ;; RS s
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LIGHT-BY-LIGHT ATTERING 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 E, >2GeV X E, >2.5GeV
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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LIGHT-BY-LIGHT TTERING NUCLEAR CR

HIGHER ORDER PROCESSES..?
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| Coherent sum of both processes...? |
Pionic boxes...?
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LIGHT-BY-LIGHT SCATTERING

AA—AAyyFOR M,, <5 GEV ?
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= P. Lebiedowicz, A. Szczurek,
Phys. Lett. B772 (2017) 330,
The role of meson exchanges in light-by-light
scattering

5
W, = M, [GeV]

M. K-G, A. Szczurek, Phys. Rev. C87 (2013) 054908,

a*r ™ and 7070 pair production in photon-photon
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LIGHT-BY-LIGHT SCATTERING NUCLEAR CROS

UPC OF AA...

ooxes
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LIGHT-BY-LIGHT

TTERING

NUCLEAR CR(
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LIGHT-BY-LIGHT

v ALICE Collaboration,

'TERING

NUCLEAR CRO

ECTION

AA—AA~yy @ FORWARD REGION ?

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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PRODUCTION OF LEPT

FOUR-LEPTON PRODUCTION

b )
/ I Il "o
do’A1A2~>A1A2(l*‘Z_)(€*l_) ~ 1 / dP’y—y—>Z+£_ (b7y2+vy _|p[,2) " dP’Y’y—M*‘Z_ (b,y€+,y£_ ypt,lf)
T gy gyl Y T qy! gyl
dyz+dye_dye+dye_ 2 dywdye_ dy2+dye_
X 2wbdb

doyy e, (W'M)

—_ W
P pro—03Yers Yo Proe) dby dby — AW, dYy, g,

/N(w1=b1)N(w2-b2)3§bs (b) x

dcos 6 2
2.2 GeV < Mee < 2.6 GeV |ye| < 0.9 3.7 GeV < Mge < 10 GeV
700, 10? 7
PbPb—PbPbe‘e’ PbPb—>PbPbe’e ]
600} \s\=2.76 TeV VS=2.76 TeV 1
= ALICE data = ALICE data ]

do/dM,., [ub/GeV]
do/dM., [ub/GeV]

S RN | A B U N =

10 E

300 1

200 1
100

L L L L L L L 1 L L L L L L Il

21 22 23 24 25 26 27 2. 4 5 6 7 8 9 1

My [GeV] My [GeV]

Good description of single pair production = two e*e™ pair production
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PRODUCTION OF LEPTONS

POSITRON-ELECTRON

AA — AAete & AA — AAete ete™

Single e*e~ pair production
VS.
double scattering production of two e*e™ pairs
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PRODUCTION OF LEPTONS

MUONS

AA = AAut & AA — AAu it

Single y* .~ pair production

Pt.u

10°

[5u=5.02 TeV

O =y

5
p, (GeV)

vs.
double scattering production of two "~ pairs
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PRODUCTION OF LEPTONS MUONS

vy — W pt T - SINGLE SCATTERING

S,
ﬂ T '

KATIE- an event generator that is specially designed to deal with “+
initial states that have an explicit transverse momentum "
dependence but can also deal with on-shell initial states. KATIE ) H
is a parton-level generator for hadron scattering but requires NNN
only a few adjustments to deal with photon scattering. o=
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PRODUCTION OF LEPTONS MUONS

AA—AA T~

impact parameter Weyy = My,
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| T purely theoretical distribution

| It is difficult to isolate range of SS domination |

*DS - double-scattering mechanism
*SS - a NEW single-scattering mechanism




PRODUCTION OF LEPTONS MUONS

AA—AA T~
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PRODUCTION OF LEPTONS MUONS

Y

T .

A T A
(4p), v/Snn = 5.02 TeV (4€), /SNy = 5.5 TeV
experimental cuts . experimental cuts ‘ ._

lvil <25,pt >05GeV | 815 || |y <25, p; >0.5GeV | 235
lyil < 2.5, pt > 1.0 GeV 53 || |yi| <25, pt > 1.0 GeV 10
lyil < 0.9, p > 0.5 GeV 31 lyil < 1.0, pt >0.2GeV | 649
lyil < 0.9, pr > 1.0 GeV 2 || lyil < 1.0, pt > 1.0 GeV 1
lyil <2.4,pt >4.0GeV | <1

CMS and ALICE = p, o, = 1 GeV ALICE = p, ot = 0.2 GeV
ATLAS = p, ot = 4 Gev Potential background

\Lq/sNN =5.5TeV, |y| < 4.9

Reaction Pt.min = 0.3 GeV | pt min =0.5 GeV
PbPb — PbPbr*n~wtm— 2.954 mb 8.862 ub
PbPb — PbPbe*e~ete™ 7.447 ub 0.704 ub
ik
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ELECTROMAGNE

mion'  NEUTRON MULTIPLICITY

ELECTROMAGNETIC EXCITATION

» Photon — nucleus excitation
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SORPTION

197 2
~ 197 Au ~ 208pp
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0~A = OGDR T 0QD * Onucleon res. + Onucleon cont.

@® Giant Dipole ® quasi-deuteron ® nucleon resonances ® break-up of nucleons
Resonance contribution E, = (0.1 — 1) GeV E, >1-8GeV
Ey < 40 MeV E, = (40 — 100) MeV

Phitn Phaton,




ELECTROM!/
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EXCITATION FUNCTION
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CONCLUSION

)

EPA in the impact parameter space
Fourier transform of the charge distribution

Multidimensional integrals — differential cross
section
Description of experimental data for UPC
O STAR-ete ,ntn ntmw™
O ATLAS - v, pru—
O ALICE - ete—, J/o¢
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
Electromagnetic excitation

Collaboration - theoreticians and experimenters

Future:
O greater precision
O lower p; Thank you

UPC IN RUN 3

0 2 4 6 8 10 12 14

Photon collisions: Photonic billiards might be the
newest game!, EurekAlert!

Ultraperipheral collisions of lead nuclei at the LHC
accelerator can lead to elastic collisions photons wnh
photons. Rnsics
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https://www.eurekalert.org/news-releases/503969
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