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PHOKHARA MC generator
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EVA: e+e− → π+π−γ

• tagged photon (θγ > θcut)

• ISR at LO + Structure Function

• FSR: point-like pions
[Binner et al.]

➘

e+e− → 4π + γ

• ISR at LO + Structure Function

[Czyż, Kühn,2000]

➙

F. Campanario, H.C., J. Gluza,

A. Grzelińska, M. Gunia, P. Kisza,

J. H. Kühn, E. Nowak-Kubat, T. Riemann,

G. Rodrigo, Sz. Tracz, A. Wapienik,

V. Yundin, D. Zhuridov

➙

PHOKHARA 10.0: π+π−,µ+µ−,

4π, N̄N , 3π, KK,ΛΛ̄, Pγ

J/ψ, ψ(2S), χc1, χc2
• ISR at NLO: virtual corrections

to one photon events and two

photon emission at tree level
2 2γ γ γ

γ
++

• FSR at NLO:π+π−, µ+µ−,K+K−, p̄p

• tagged or untagged photons

• e+e− → hadrons (muons) ISR at NNLO

• Modular structure

http://ific.uv.es/~rodrigo/phokhara/



Pion form factor
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Kaon form factors
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Nucleon form factors
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π+π−π0
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H. C., A. Grzelińska, J.H. Kühn, G. Rodrigo, Eur.Phys.J.C 47 (2006) 617



4π
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model- ρ part
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H. C., J.H. Kühn, Eur.Phys.J.C 18 (2001) 497



e+e− → Λ̄(→ π+p̄)Λ(→ π−p)γ
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FF from Körner et al. Phys. Rev. D 16 (1977) 2165

no cuts

30◦ < θπ−,p,π+, p̄ < 150◦

√
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H. C., A. Grzelińska and J.H. Kühn, Phys.Rev.D 75 (2007) 074026



e+e− → Pγ(γ)
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Transition form factors needed
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H. Czyż, P.Kisza, Sz. Tracz, Phys.Rev. D97 (2018), 016006



J/ψ, ψ(2S), χc1, χc2
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H. Czyż, J. H. Kühn, Sz. Tracz, Phys. Rev. D94 (2016), 034033

e+e− → µ+µ−γ, e+e− → χci(→ J/ψ(→ µ+µ−)γ)

ISR+QED signal+Z0
ISR+QED signal
ISR background
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Mχc2
= 3.55620 GeV

20o < θγ < 160o

20o < θµ
−
,µ+

< 160o

√
s (GeV )

σ
(
n
b
)

3.583.5753.573.5653.563.5553.553.5453.543.535

0.03

0.028

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01



Tests of a FSR model
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interference:

➪ interference odd

under π+ ↔ π−

➪ asymmetric differential

distribution:
∫

interf. = 0

A(θ) =
Nπ+

(θ) −Nπ−
(θ)

Nπ+
(θ) +Nπ−

(θ)



FSR at KLOE, additional contributions:
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e+e− → φ∗ → (f0(980)f0 + f0(600)σ)γ → ππγ

e+ p1

e− p2

γ φP
f0Q

γ k

π+ q1

π− q2

K

K

K

e+ p1

e− p2

γ φP

f0Q

γ k

π+ q1

π− q2



Charge asymmetries
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⇒ forward-backward asymmetry defined for π+

AFB(Q
2) =

N(θπ+>90◦)−N(θπ+<90◦)

N(θπ+>90◦)+N(θπ+<90◦)

(

Q2
)

⇒ charge asymmetry

AC(θπ) =
N(π+)−N(π−)
N(π+)+N(π−)

(θπ)



Test of a FSR model
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H. Czyż, A. Grzelińska and J. H. Kühn, Phys.Lett.B611:116,2005

KLOE Collaboration: Phys.Lett.B634:148,2006
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’Backlook’
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It was a pleasure to work in that field
for about 20 years.


