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Equivalent photon approximation (EPA)

b

The strong
electromagnetic �eld
is used as a source
of photons to induce
electromagnetic reactions.

Peripheral collisions:

b > R1 + R2
∼= 14 fm
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The cross section in EPA

σ (PbPb → PbPbX1X2; sNN)

=
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The cross section in EPA

Nuclear cross section � EPA

σ (PbPb → PbPbX1X2; sNN) =

=

∫
σ̂ (γγ → ππ;Wγγ) θ (|b1 − b2| − 2RA)

x N (ω1,b1)N (ω2,b1) 2πbm dbm dbx dby
Wγγ

2
dWγγdY

The details of derivation:

A. Szczurek, M. K-G; Phys. Rev. C82 (2010) 014904,
�Exclusive muon-pair productions in ultrarelativistic heavy-ion
collisions: Realistic nucleus charge form factor and di�erential
distributions�
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Form factor

MONOPOLE Fem

F (q2) = Λ2

Λ2+q2

Λ =
√

6
<r2>

197Au ⇒
√
< r2 > =

5.3 fm, Λ = 0.091GeV ,
208Pb ⇒

√
< r2 > =

5.5 fm, Λ = 0.088GeV .

In the literature:

Λ = (0.08− 0.09) GeV

REALISTIC Fem
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Realistic vs monopole form factor
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Elementary cross section for γγ → ππ

Perturbative QCD approach

π+/0

π−/0

p
Q
C
D

A. Szczurek, M. K-G;
Phys. Lett. B700 (2011) 322,

�Exclusive production of large

invariant mass pion pairs in

ultraperipheral ultrarelativistic

heavy ion collisions�

The γγ → (qq̄)(qq̄)→ ππ amplitude in the LO pQCD:
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H
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φπ
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× F pQCD

reg (t, u)
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Elementary cross section for γγ → ππ

Hand-bag model

γ

γ

q

q̄

π

π

M. Diehl, P. Kroll and C. Vogt,
Phys. Lett. B532 (2002) 99;

M. Diehl and P. Kroll,
Phys. Lett. B683 (2010) 165.
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(
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em
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|Rππ (s)|2
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Angular distributions for the γγ → ππ

pQCD
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Elementary cross section for γγ → ππ

Other continuum processes

The γγ → π+π− continuum -
the Born term matrix elements
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π+

+ +

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

�π+π− and π0π0 pair production

in photon-photon scattering and

ultraperipheral ultrarelativistic

heavy-ion collisions�

γγ → π0π0 in a simple
coupled-channel model

π+

π−

ρ

π0

π0

π+

π−

ρ

π0

π0

π

 [GeV]π π = Mγ γW
0 1 2 3 4 5 6

) 
[n

b
]


π 

+
π 

→ 
γ 

γ(
σ

210

110

1

10

210

3
10

ALEPH

Belle

CELLO

CLEO

Two Gamma

Mark II

VENUS

handbag

pQCD

Born

2
=4 GeVπγB

2
=6 GeVπγB

 [GeV]π π = Mγ γW
0 1 2 3 4 5 6

) 
[n

b
]

0
π 

0
π 

→ 
γ 

γ(
σ

210

110

1

10

210

3
10

Crystal Ball

Belle

exchangeρ

handbag

pQCD

12 / 26



Elementary cross section for γγ → ππ

Other continuum processes

The γγ → π+π− continuum -
the Born term matrix elements
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Elementary cross section for γγ → ππ

s-channel γγ → resonances

 [GeV]π π = Mγ γW
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Elementary cross section for γγ → ππ
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Total cross section for the γγ → ππ
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Angular distributions for the γγ → ππ
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Angular distributions for the γγ → ππ
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ρ0ρ0 production

Double scattering mechanism
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ρ0ρ0 production
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Au Au → Au Au π+π−π+π−
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Au Au → Au Au π+π−π+π−
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ρ0ρ0 production

Cross sections (in mb) for single ρ0 production and double
scattering and photon-photon mechanisms of ρ0ρ0 production for
�xed and smeared mass of ρ0 meson.

PAPER IN PREPARATION mρ0 = Mass
Energy = 0.77549 GeV smearing

RHIC (
√
sNN = 200 GeV), ρ0 596

LHC (
√
sNN = 3.5 TeV), ρ0 4000

LHC (
√
sNN = 5.5 TeV), ρ0 4795

RHIC (
√
sNN = 200 GeV), DS 1.5 1.55

LHC (
√
sNN = 3.5 TeV), DS 15.25

RHIC, DS, |ηπ| < 1 0.15
LHC, DS, |ηπ| < 1 0.3

RHIC, γγ, VDM-Regge 7.5 10−3

RHIC, γγ, low-energy bump 95 10−3

RHIC, γγ, VDM-Regge, |ηπ| < 1 0.5 10−3

RHIC, γγ, low-energy bump, |ηπ| < 1 14.6 10−3
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Conclusions

We describe the word data for γγ → ππ for the �rst time both
for the total cross section and for angular distributions for

γγ → π+π− and γγ → π0π0 reactions simultaneously at all

experimentally available energies (from the kinematical threshold

(W=2mπ) up to Wγγ ≈ 6 GeV). We show that di�erent
mechanisms contribute:

1 several resonanses,
2 soft continuum,
3 pion-pion rescattering,
4 pQCD mechanisms proposed by Brodsky and Lepage,
5 the hand-bag mechanism proposed by Diehl, Kroll and Vogt.

Cross section for di�erent lower cuts on pion transverse momenta
at the LHC energy.

pt,min (GeV) π+π− (mb) π0π0 (mb)

0.2 46.7 8.7
0.5 12.1 5.1
1.0 0.08 0.05

We calculate di�erential distributions for two ρ0 mesons
production in exclusive ultraperipheral, ultrarelativistic
collisions via a double scattering mechanism. 26 / 26


