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Photons �ux

dnγγ (x1, x2,b) =

∫
1

π
d
2b1|E (x1,b1) |2 1

π
d
2b2|E (x2,b2) |2

x S2

abs (b)δ(2)(b− b1 + b2)
dx1

x1

dx2

x2

E (x ,b) = Z
√
4παem

∫
d2q

(2π2)
e−ibq q

q2+x2M2

A

Fem
(
q2 + x2M2

A

)
S2

abs (b) ∼= θ (b− 2RA)
�������������������
1

π

∫
d
2b|E (x ,b) |2 =

∫
d
2bN (ω,b)

dω1dω2 → dWγγdY

MESON2012 � June 1-st, 2012 Kraków, Poland



Equivalent photon approximation
Elementary cross section - γγ → ππ

Form factor
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The cross section in EPA

Nuclear cross section � EPA (impact parameter space)

σ (PbPb → ππPbPb; 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:

Antoni 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�

MESON2012 � June 1-st, 2012 Kraków, Poland



Equivalent photon approximation
Elementary cross section - γγ → ππ

Realistic vs monopole form factor
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ELEMENTARY CROSS SECTION - γγ → ππ

Hand-bag model
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Phys. Lett. B532 (2002) 99;

M. Diehl and P. Kroll,
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Hand-bag - PREDICTIONS
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Elementary cross section for γγ → ππ

Our description
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Angular Distribution - γγ → π+π−

|; W=0.8025 GeVθ|cos

0 0.1 0.2 0.3 0.4 0.5 0.6

| 
[n

b
]

θ
)/

d
|c

o
s


π 

+
π 

→ 
γ 

γ(
σ

d

0

100

200

300

400

500

π+π→(600)
0
f→γγ

π+π→(980)
0
f→γγ

π+π→(1270)
2
f→γγ

π+π→’(1525)
2
f→γγ

π+π→(1560)
2
f→γγ

π+π→(2050)
4
f→γγ

π+π→γγBorn 
π+π→)0ρ(IP+f+→π+π→γγ

)
π+π→γγpQCD(

)
0

ρ(IP+f+⊗)π+π→γγpQCD(
±ρ⊗)0π0π→γγpQCD(

SUM

|; W=1.0875 GeVθ|cos

0 0.1 0.2 0.3 0.4 0.5 0.6

| 
[n

b
]

θ
)/

d
|c

o
s


π 

+
π 

→ 
γ 

γ(
σ

d

0

50

100

150

200

250

300

|; W=1.2125 GeVθ|cos

0 0.1 0.2 0.3 0.4 0.5 0.6

| 
[n

b
]

θ
)/

d
|c

o
s


π 

+
π 

→ 
γ 

γ(
σ

d

0

100

200

300

400

500

600

700

|; W=1.4975 GeVθ|cos

0 0.1 0.2 0.3 0.4 0.5 0.6

| 
[n

b
]

θ
)/

d
|c

o
s


π 

+
π 

→ 
γ 

γ(
σ

d

0

10

20

30

40

50

60

70

MESON2012 � June 1-st, 2012 Kraków, Poland



Equivalent photon approximation
Elementary cross section - γγ → ππ

Angular Distribution - γγ → π+π−
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our results vs hand-bag mechanism
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s-channel γγ → resonances
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s-channel γγ → resonances

Form factor:
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s-channel γγ → resonances
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γγ → π+π− continuum
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γγ → π+π− continuum
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γγ → π+π− → ρ± → π0π0

Mt (λ1, λ2) =

∫
eF
(
κ2, k2

1

)
κ2
2
−m2

π + iε

F
(
κ2
2
, k2

1

)
k2
1
−m2

π + iε

× gππ→ρ
F
(
κ2, k2

2

)
κ2
2
−m2

ρ + iε
gππ→ρ

eF
(
κ2
2
, k2

2

)
k2
2
−m2

π + iε

× (kα1 + pαπ+) (−gα,β)
(
k
β
2

+ p
β
π−

)
× εµ (λ1) (κµ + k

µ
1

) εν (λ2) (κν − kν2 ) dκ0dκxdκydκz
1

(2π)2

F
(
κ2, k2

1

)
= exp

(
−|κ2−m2

π|
ΛBOX 2

)
exp

(
−|k21−m2

π|
Λπ2

)
Λπ = 2.7 GeV

ΛBOX = 1.05 GeV

π+

π−

ρ

π0

π0
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pQCD(γγ → ππ) [M.K-G and A.Szczurek, Phys. Lett B 700 (2011) 322]

The γγ → (qq̄)(qq̄)→ ππ amplitude in the LO pQCD:

M (λ1, λ2) =

∫
1

0

dx

∫
1

0

dy φπ
(
x , µ2x

)
Tλ1λ2
H

(
x , y , µ2

)
φπ
(
y , µ2y

)
× F pQCD

reg (t, u)

π

π

π

π

π

π

π

π

π

π

µx = min (x , 1− x)
√
s(1− z2),

z = cos θ,

F
pQCD
reg (t, u) =

[
1− exp

(
t−tm
Λ2
reg

)] [
1− exp

(
u−um
Λ2
reg

)]
*A.Szczurek and J. Speth, Eur. Phys. J. A18 (2003) 445
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The quark distribution amplitude of the pion

φπ
(
x , µ2

)
=

fπ

2
√
3
6x (1− x)

∞′∑
n=0

C
3/2
n (2x − 1) an

(
µ2
)

���������������������������

an
(
µ2
)

=
2

3

2n + 3

(n + 1) (n + 2)

(
αs
(
µ2
)

αs
(
µ2
0

))−CF
β0

[
3+ 2

(n+1)(n+2)
−4

n+1∑
k=1

1

k

]

×
∫

1

0

dxC
3/2
n (2x − 1) φπ

(
x , µ2

0

)
�����������

αs
(
µ2
)

= 4π

β0 ln
µ2

Λ2
QCD

β0 = 11

3
CA − 2

3
NF
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The quark distribution amplitude of the pion

φπ
(
x , µ2

0

)
WH

=

=

√
3Amqβ

2
√
2π3/2fπ

√
x (1− x)

×
(
1 + B × C

3/2
2

(2x − 1)
)

× (erf
√ m2

q
+ µ2

0

8β2x (1− x)


− erf

√ m2
q

8β2x (1− x)

)
B = 0.6

mq = 0.3 GeV

A = 16.62 GeV−1

β = 0.745 GeV
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The quark distribution amplitude of the pion

φπ(x)CZ = 30x(1−x)(2x−1)2

φπ(x)as = 6x(1− x)

x
0 0.2 0.4 0.6 0.8 1

πφ

0

0.5

1

1.5

2

2.5

Wu-Huang (B=0.6)

Chernyak-Zhitnitsky

asymptotic

φπ
(
x , µ2

0

)
WH

=

=

√
3Amqβ

2
√
2π3/2fπ

√
x (1− x)

×
(
1 + B × C

3/2
2

(2x − 1)
)

× (erf
√ m2

q
+ µ2

0

8β2x (1− x)


− erf

√ m2
q

8β2x (1− x)

)
B = 0.6

mq = 0.3 GeV

A = 16.62 GeV−1

β = 0.745 GeV
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High energy pion-pion rescattering

π0

π0

IP, f

p
Q
C
D

π0

π0

π+

π−

ρ

p
Q
C
D

π0

π0

IP + f + ρ

π+

π−

π+

π−

π+

π−

IP + f + ρ

p
Q
C
D

π+

π−

π0

π0

ρ

p
Q
C
D

π+

π−

Mγγ→π+π− =
∑
α

M(α)
γγ→π+π−

+
∑
ij

∑
α,β

i

16π2s

∫
d2 ~k1d

2 ~k2δ
2

(
~k − ~k1 − ~k2

)
× Mα

γγ→ij

(
s, ~k1

)
Mβ

ij→π+π−

(
s, ~k2

)
+ (...)
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IP + f + ρ

Mt/u
IP+f +ρ(λ1, λ2) =

∑
X=IP,f ,ρ

(
CXϕX

(
s

s0

)αX (t/u)
)
F 2(t/u)

F (t/u) = exp(B
4
t/u)

B=4 GeV−2

s0 = 1 GeV2

X αX (t/u) = α0

X + α′t/u ϕX

IP 1.0808+(0.25 GeV−2)t/u i

f 0.5475+(0.93 GeV−2)t/u
−1

sin(π
2
α0
f )
exp
(−iπ

2
αf
)

ρ 0.5475+(0.93 GeV−2)t/u
−i

cos(π
2
α0ρ)

exp
(−iπ

2
αρ
)

*P. Lebiedowicz and A. Szczurek, Phys. Rev. D83 (2011) 076002
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Results - NUCLEAR CROSS SECTION - dσ
dWγγ
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Results - NUCLEAR CROSS SECTION - dσ
dYππ
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Results - Pb + Pb → Pb + Pb + π + π - pt > 0.5 GeV
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Conclusions

Elementary cross section for γγ → ππ:
γγ → π+π−

resonances

γγ → π+π− →
(IP + f + ρ0)→ π+π−

pQCD(γγ → π+π−)

pQCD(γγ → π+π−)
⊗ (IP + f + ρ0)

pQCD(γγ → π0π0)⊗ ρ±
γγ → π+π−

γγ → π0π0

resonances

γγ → π+π− →
ρ± → π0π0

pQCD(γγ → π0π0)

pQCD(γγ → π0π0)
⊗ (IP + f )

pQCD(γγ → π+π−)⊗ ρ±
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Conclusions

Nuclear cross section:√
s = 3.5 TeV + peripheral collisions + realistic form factor

PbPb → PbPbπ+π−: 112 mb

PbPb → PbPbπ+π− & pt > 0.5 GeV: 14 mb

PbPb → PbPbπ0π0: 10 mb

PbPb → PbPbπ0π0 & pt > 0.5 GeV: 5 mb

Background to the exclusive ρ0 production

�����
Thank You For Attention
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