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EQUIVALENT PHOTON APPROXIMATION - UPC
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EQUIVALENT PHOTON FLUX VS. FORM FACTOR
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J/ψ - UPC
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CHARMONIUM PHOTOPRODUCTION
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The inclusion of the absorption effect by modifying
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ALICE DATA VS. THEORY

Ratio of the measurements at
√

sNN = 5.02 TeV and
√

sNN =2.76 TeV

Are we using the correct impact parameter interval?
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IMPACT PARAMETER
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Centrality (for 208Pb):
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semi-central collisions: b≈ (5− 10) fm;

semi-peripheral collisions: b≈ (10− 12) fm;

peripheral collisions: b≈ (12 fm−(R1 + R2));

ultraperiperal collisions: b > (R1 + R2);

where R = R0A1/3.
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HEAVY-QUARK
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γ

γ
Q̄

Q
γ

γ
Q̄

Q

FIG.: The Born amplitudes.

γ

γ

Q

Q̄

q

q̄

γ

γ

q̄

Q

Q̄

q

FIG.: QQ̄qq̄ production.

γ

γ
Q̄

Q

g

X1
γ

γ

Q

Q̄

g

X2h

FIG.: The single-resolved mechanism.
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FIG.: The leading-order QCD corrections.
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cc̄ - UPC

Nuclear cross section
γ − γ subsystem energy

TABLICA: Partial contributions of different mechanisms

σtot Born QCD-corrections

cc 2.47 mb 42.5 % 14.6 %

4-quark Single-resolved
27.1 % 15.8 %

UPC results (
√

sNN = 5.5 TeV) for cc̄ production

COHERENT PRODUCTION M. KŁUSEK-GAWENDA OCTOBER 11-12, 2023 - IJCLAB 9 / 17

THE HENRYK NIEWODNICZAŃSKI

INSTITUTE OF NUCLEAR PHYSICS
POLISH ACADEMY OF SCIENCES



10/17

cc̄ VS. CENTRALITY

Nuclear cross section
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Non-UPC results (
√

sNN = 5.02 TeV)
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DILEPTON PRODUCTION

â From ultraperipheral
to semicentral collisions

â γγ fusion
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DIELECTRON INVARIANT-MASS SPECTRA - RHIC
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The coherent emission dominates for the two peripheral samples

and is comparable to the cocktail and thermal radiation yields in semi-central collisions.
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EPA in the impact parameter space - the pair transverse momentum P`
+`−

T is neglected
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PAIR TRANSVERSE MOMENTUM - RHIC & LHC

- - - - - - PLB790 (2019) 339
vs.

—— PLB814 (2021) 136114
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Small correction to the STAR description & much better situation for LHC
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PAIR TRANSVERSE MOMENTUM - RHIC & LHC

- - - - - - PLB790 (2019) 339
vs.

—— PLB814 (2021) 136114
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Small correction to the STAR description & much better situation for LHC
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ACOPLANARITY - ATLAS DATA

From central to peripheral collisions
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A successful description of ATLAS data by γγ-fusion alone

A correct normalization and shape of the distributions

pt >4 GeV,

Mµ+µ− =(4-45) GeV,

|ηµ|<2.4
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CONCLUSION

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

Description of ALICE data for J/ψ production; centrality < 100%
Description of STAR and ALICE data for Dilepton production - J/ψ contribution is
missing

m cc̄ production
PbPb → PbPbcc̄
pp → cc̄
pn→ cc̄
np → cc̄
nn→ cc̄

→ D meson production
m Wigner function and J/ψ photoproduction...
m Centrality vs. impact parameter...

Thank you
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