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Motivation e+e− → π0π0γ
• Scattering   is the lowest-order main hadronic contribution to muon g-2, where 

resonances ρ, ω can be found carrying the same amount of momenta. Only difference between them 
relies on their masses and decay widths.  

• Scattering  (our work) is the radiative (EM) hadronic correction. It contains the 
resonances ρ, ω as well, however, unlike in , they carry different momenta. We introduce 
the  coupling which is linked to the chiral anomaly.

e+e− → π+π−

e+e− → π0π0γ
e+e− → π+π−

gρωπ
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• Correction to coupling constant   using tree level  and loop correction gρωπ π0 → ρ0ω0 → γγ
π0 → ρ0ω0π0 → γγ

gρωπ(q2) ≡ ̂gρωπ(1 + ̂g2
ρωπGloop)̂gρωπ = 11.712 GeV−1

 couplinggρωπ
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Scattering  with intermediate states . Difference in momenta due to on-shell  
emission. 

e+e− → π0π0γ ρ, ρ′￼, ω π

ℳ(a) =
e2

q2 (Cρ + eiθCρ′￼) ϵμσϵλ qσ (q − p1)ϵ ϵαβνλ (q − p1)α p3
β η*ν lμ,

Cρ = (
gωρπ

gρmω
)2 fρ[s] fω[s1] Cρ′￼

=
gωρ′￼π gωρπ

gρ gρ′￼m2
ω

fρ′￼
[s] fω[s1]
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Differential cross section with respect to scattered angle .ζ = cos θ

• Cross section amplifies when both off-shell propagators resonate. Negative angles are suppressed 
(recoil).
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Dalitz plot  of kinematical variables  and .ζ = 0.9 s s1

ρ(s) =
m2

ρ

m2
ρ − s + imρΓρ

ω(s1) =
m2

ω

m2
ω − s1 + imωΓω
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• Cross section  with ρ resonance (solid line) and adding the ρ’ contribution (dotted line). 
Error bands due to uncertainty in  and 

ζ = 0.95
gωρ′￼π θ



• We have various radiative decay channels (Structure Independent). We compute the interference of 
these SI channels with the MD channel.

Decay   τ− → π−π0ντγ



The form factor  is obtained from a fit to the two pion invariant mass distribution of the non radiative decay, 
measured by Belle (Phys. Rev. D 78, 072006 (2008)):

f+[t]

ℳLow = eGFV*udϵ*μ {f+[t] Lμ(p, p−)Qν + 2 p0 ⋅ k Lμ(p0, p−)
df+[t]

dt
Qν−

−
f+[t]

2 p ⋅ k [Fμν(Q)Q ⋅ k + iQαkβϵναβμ] − f+[t] Fμν(p−)} lν

f+[t] =
1

1 + β + γ {fρ[t] + β fρ′￼
[t] + γ fρ′￼′￼

[t]}

Where  are numerical values and  is the relative phase between the  and  contribution to the  
channel.

β, γ θ ρ ρ′￼ ω

We identify the MI part, in accordance to the Low theorem, as those contributions of order   and  :O(k−1) O(k0)
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Decay  through the so-called “ω-channel”, which is the dominant channel. Same structure 
as the scattering process

τ− → π−π0ντγ

• In this decay, the kinematical variable denoted as  is known as the “dipion invariant mass” t

ℳω = eGFV*ud

Gρ

2

g2
ωρπeiθw

gρm2
ρm2

ω
fω[r] fo[t′￼]ϵασμλϵϕλχνkσpα

0 (p0 + k)ϕpχ
−ϵ*μℓν
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Decay  through -channel (Model Dependent). We study the differential decay rate 

with respect to the emission angle of  and the Mandelstam variable .

τ− → π−π0ντγ ω
π− t = (mπ− + mπ0 )2

• Same resonant behavior as in  scattering.  Small angles are favored. No 
experimental info yet. 

e+e− → π0π0γ



Differential decay rate (integrated for all angles)

• Dotted line: both  (SI + interference) 

• Dashed line:  only (  channel) 

• Solid line: SI only

ρ, ρ′￼

ρ ω

• Cut off of the photon of 300 MeV such that the photon energy can not go lower than that.



Factor GEM

• Relation between the radiative and non-radiative decay widths:  factor.GEM

dΓ2π(γ)

dt
=

dΓ0
2π

dt
GEM(t)



Conclusions

• Addition of  is as relevant as the , contrary to previous beliefs. 

• Models are sensitive enough to different angles of pion emission. 

• Difference in momenta of  and  mesons plays an important role in  scattering. 

ρ′￼ ρ

ρ ω e+e− → π0π0γ
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