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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.

Centrality (for 298Pb):

O central collisions:
b ~ (0 fm +Ab); |Photon energy: w=§ =~y x15 MeVl

O semi-central collisions:
; w2 _ 1 o 2
b~ (5 — 10) fm; Virtuality: Q= = =~ 0.0008 GeV

O semi-peripheral collisions:
b~ (10 — 12) fm;

O peripheral collisions:

b= (12 fm —(R; + Ro)); O M. Kiusek-Gawenda, A. Szczurek,
i . Photoproduction of J /) mesons in peripheral and semicentral
O ultraperiperal collisions: heavy ion collisions,
b > (R + Ra); Phys. Rev. C93 (2016) 044912
where R = RyA'/3. iz
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EPA

EQUIVALENT PHOTON APPROXIMATION - UPC
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EPA

EQUIVALENT PHOTON FLUX VS. FORM FACTOR
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PHOTON FLUX
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ULTRAPERIPHERA

COLLISION

) PHOTOPRODUCTION - UPC
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oM jpA) = / Pr(1 — exp(—oor (J/%P) Ta (1) 0z ) 0 >
v 22 [mb]

UPC —36<y< —23 | lyl <0.9 | 18<y<238
theory 70V 3.24 8.29 5.41
theoryMON 2.61 6.99 462
theoryEAL 1.37 3.75 2.43
theory AL 1.21 3147 2.07
ALICE exp. - | [ALICE:2013wjoj2.38"%%}, | [ALICE:2012yye]1.0 + 0.3
CMS exp. [CMS:2016itn]1.82 + 0.3 -




ULTRAPERIPHERAL COLLISION

UPC — SEMI-CENTRAL COLLISION

Impact parameter space

J/+ photoproduction for (a) ultraperipheral and (b) central heavy ion collisions.
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SEMICENTRAL COLLISION

EFFECTIVE PHOTON FLUX

e'e’, Jiy Jiy

The inclusion of the absorption effect by modifying

y N - E 1”5 " 1 (@, b)
effective photon fluxes in the impact parameter space. E g
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SEMICENTR LLISION

J/g/’ PHOTOPRODUCTION - SEMI-CENTRAL REGION

Cross section in [ub] per rapidity unit for nuclear photoproduction of J/¢ meson in Pb — Pb
collision at \/syy = 2.76 TeV

Centrality range [%]
Flux 99501 () o010 | 1080 | 3050 | s070 | 7090 | uPC
theory™™ 9984 579 185 92 58 | 10350
NO(w,b) | theoryMON 398 358 158 86 56 2393
theoryAEAL 111 282 196 105 55 947
N (w,b) | theory™FAL 123 201 160 116 84 947
N@(w,b) | theoryFAL 30 88 91 82 72 947
ALICE (2015) | <318 | <290 | 73+£52 | 58 £20 | 59 & 16 -
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Coherent J/y cross section at forward rapidity

NEW
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E ALICE Preliminary, Pb-Pb Models =
E Jp—ypu,25<y<4 8w E
E p,<03GeVic ... GG-hs E
= Cent. corr. syst. uncert. VDM =
R S R E R R s
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Centrality (%)

o Ratio of the measurements at , /sy = 5.02 TeV and /sy = 2.76 TeV shows no centrality dependence within uncertainties

* Fair agreement of the measured ratio to models ( except GG-hs ) within uncertainties

OPRODUCTION

Quark Matter 2022 - A. Neagu

it

INSTITUTE OF NUCLEAR PHYSICS
POLISH ACADEMY OF SCIENCES




SEMICENTRAL COLLISION

DILEPTON PRODUCTION

> From ultraperipheral to semicentral collisions — dilepton sources
> ~~ fusion mechanism
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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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CONCLUSION

O]
O]
O
o]
O]

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 ALICE data for J/v production; centrality < 100%
O STAR and ALICE data for dilepton production - J/+ contribution is missing

Thank you
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BAcCkUP

EPA in the impact parameter space - the pair transverse momentum P.‘fr is neglected

do(yy — £7¢7;8)
2 2 2 2 2
T py Ay Ay A~ =/N(W1.b1]/\/(_,,‘2,b2)6( )b — by 7b2)/d b1 d“b2d"b dy,+ dy, — dpj , B —

& k;-factorization
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< Exact calculation
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The factorization formula is written in terms of the Wigner function:

X
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