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5 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% = 7 ~ 0.0008 GeV?

000

Centrality (for 298 Pp):

O central collisions: b & (0 fm +Ab);
(1) M. Kusek-Gawenda, A. Szcaurek, M. V. T. Machado, V. G. Serbo,

O semi-central collisions: b ~ (5 — 10) fm; Double-photon exclusive processes with heavy-quark—heay-antiquark pairs in
. . high-energy Pb-Pb collisions at energies available at the CERN Large Hadron
O semi-peripheral collisions: b ~ (10 — 12) fm; Collider,

Phys. Rev. C83 (2011) 024903;

O peripheral collisions: b ~ (12 fm —(Ry + Ry)); @ M. Kiusek.Gawenda, A. Szcaurek

O ultraperiperal collisions: b > (Ry + Ro); Photoproduction of J / » mesons in peripheral and semicentral heavy ion
collisions,
where R = RyA!/3. Phys. Rev. C93 (2016) 044912, {ﬁ
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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

monopole point-like
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Standard photon fluxes.




ULTRAPERIPHERAL COLLISION

- UPC
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SEMICENTRAL COLLISION

CHARMONIUM PHOTOPRODUCTION

The inclusion of the absorption effect by modifying
effective photon fluxes in the impact parameter space.

ND (wy,b) = /N(W17b1)w&b1
i
N® (wr b) = /N(w1’b1)9(RA—(|b1—lzl))(b1—RA)d2b1
TRy

A successful description of ALICE data, /Syy = 2.76 TeV |
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Coherent J/y cross section at forward rapidity
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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
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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;?,
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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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The factorization formula is written in terms of the Wigner function:

X
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SEMICENTRAL COLLISION

DIELECTRON

PAIR TRANSVERSE MOMENTUM - RHIC & LHC
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https://doi.org/10.1016/j.physletb.2019.01.035
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SEMICENTRAL COLLISION DIMUON

ACOPLANARITY - ATLAS DATA

3 ARARASAS 3 BAARASAR 3 AABRARRS 3 ASRasans
B o rrsorsrmen ATLAS prel. 2 o mrrornn ATLAS prel. 2 mronmr ATLAS prel 2B mnommar ATLAS pr
g — theory s — theary g theory & theory
8. o ERE- T 1 8. % 8. o E|
Lok p 4GV M, =445 GeV, nl <24 ] b b2 4GeV M, = (445 GeV, Inf <24 ] P P> 4GeV, M, = (445) GeV, I < 24 ] 5 gb p, 4GV M, = (445 Ge, In| <24 ]
s 3 3
o e=09% 1§ o o= (5:10)% 7 & - = (10-20% FiE €=(20-30% 3
st 4 £ 4 4 2 2 4 E
E E £ E
E| E 9 E|
E E P E
E| E | E|
L of S L L Sl L
0002'000+ 0,006 0.008 6.07 0.072 0014 3002 '0.004 0:006 0008 0.01 0012 0074 3002 0:004 0.006 0008 0.01 0012 0074
« o o «
3 ARRARARN " 8 T N El ARBRAARL: " 3 AARARARN
3 o rorrorbncn ATLAS prel. B rorme: aTLAS prel. B nomrm: ATLAS pre B Frnomm ATLAS pr
g — theory 2 — theary g theory 3 theozy
g 3 B % 1 sl ER P 3 E
S gb\ PGV M, = (445) GeV. nl < 24 ] N 2,2 4GeV, M = (445 GeV, I <24 g P> AGeV M, = (4-45) GeV, nl < 24 3 S 7B\ P> 4GeV M = (445 GeV. nl < 24 ]
3 o K ] ]
3 ek (30-40)% e 10-50)% A = (50-60)% e = (60-70)%
4 4 E & E 4 E
s E E E Ea E s E
2 E 2 E E - E o E
L e I s Stee ST SR I S L S e
3.002'0:004 0.006 0,008 0.01 0012 0,014 002 0,004 0.006 0006 0.01 0012 0,014 3062 5,004 0.006 0008 0.01 0012 0014 30020:004 0.006 0008 001 0012 0,014
« o o o

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 LR s
L
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HEAVY-QUARK
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The Born amplitudes.

Q “
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QQq§ production.

The single-resolved mechanism.

Elementary cross section
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The leading-order QCD corrections.
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Nuclear cross section
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UPC results (/syn = 5.5 TeV) for cc production
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CC VS. CENTRALITY

Nuclear cross section

Transverse momentum

Impact parameter
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CONCLUSION

o]
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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 First description of ALICE data for J/4 production; centrality < 100%
O Description of STAR and ALICE data for Dilepton production - J/4) contribution is

missing

cc production

PbPb — PbPbcc

pp — cc

pn — cc

np — cc

nn — cc

— D meson production

©00O0O

Thank you
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