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Motivation

Studying the decays defined by the light quark mass difference can provide new
information about chiral symmetry breaking mechanism.

It is possible to discover new anomalies in the weak interactions and clarify the
nature of the a0 scalar meson.

Current experimental limits

B(ρ− → ηπ−) < 6 · 10−3

B(τ− → ηπ−ν) < 0.99 · 10−4

B(τ− → η′π−ν) < 7.2 · 10−7
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π
0

– η(η′) transitions

The π0 – η(η′) transitions are described by the given diagram

π0 η(η′)

The amplitude of the transition π0 – η(η′) has the form

ǫπη(η′) = 2g2
π((2I1(md) + m2

η(η′)I2(md))− (2I1(mu) + m2
η(η′)I2(mu)))

ǫη(η′)

m2
π − m2

η(η′)

md − mu ≈ 3.7 MeV
ǫη = sin θ̄ for η meson
ǫη′ = cos θ̄ for η′ meson

where θ̄ = −54◦
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π
0

– η(η′) transitions

The I1 and I2 are divergent integrals describe quark loops and gπ is constant
defined from Goldberger – Treiman relation

gπ =
mu

Fπ

I1(m) = −i
Nc

(2π)4

∫ Λ4 d
4k

(m2 − k2)
=

Nc

(4π)2

[

Λ4 − m2 log

(

Λ2
4

m2
+ 1

)]

I2(m) = −i
Nc

(2π)4

∫ Λ4 d
4k

(m2 − k2)2
=

Nc

(4π)2

[

log

(

Λ2
4

m2
+ 1

)

−
(

1 +
m2

Λ2
4

)−1
]

Nc = 3, mu = 280 MeV, Fπ = 93 MeV, Λ4 = 1250 MeV.
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π
0

– η(η′) transitions

Obtained estimates coincide with estimates given by Paver & Riazuddin

ǫPR
πη ǫNJL

πη ǫPR
πη′ ǫNJL

πη′

1.34 · 10−2 1.55 · 10−2 (3 ± 1) · 10−3 6.79 · 10−3
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ρ
−(W−) – a

−
0 transitions

The π0 – η(η′) transitions are described by the given diagram

ρ−(W−) a−0

The transition ρ− – a−0 takes the form
√

6

2
(md − mu)p

µρ−µ a−0

For the W− boson we get
√

3gEW |Vud |
4gρ

(md − mu)p
µW−

µ a−0

where gρ = 6.14 and p is a vector boson momentum
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The decay ρ
− → ηπ

−

ρ−

π−

π0 η

ρ− a−0

π−

η

D. Kostunin (JINR) ρ
−

→ ηπ
− & τ

−
→ η(η′)π−

ν in NJL May 4, 2012 9 / 17



The decay ρ
− → ηπ

−

The first diagram describes the amplitude which contains the π0 – η transitions in
the final state

T1 = gρǫπη(p
µ
−
− p

µ
0 )ρ

−

µ ηπ
− ,

The second diagram describes the amplitude containing the intermediate a−0
meson

T2 = 2Zgρ
mu(md − mu)

m2
a0

− m2
ρ

ǫηp
µρ−µ ηπ

− ,

This amplitude contains the amplitude of the a−0 → ηπ− decay

4√
6
Zgρmuǫηa

−

0 ηπ
−
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The decay ρ
− → ηπ

−

For branching fractions we get

B1 = ǫ2πη
Λ3/2(m2

ρ,m
2
η,m

2
π)

Λ3/2(m2
ρ,m

2
π,m

2
π)

= 1.78 · 10−5

B2 = 4Z 2 sin2 θ̄

(

mu(md − mu)

m2
a0

− m2
ρ

)2 Λ3/2(m2
ρ,m

2
η,m

2
π)

Λ3/2(m2
ρ,m

2
π,m

2
π)

= 0.33 · 10−5

BNS = 1.4 · 10−5 ≃ B1 (Nussinov & Soffer)
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The decays τ
− → η(η′)π−

V−

π−

π0 η(η′)

ν

τ−

a−0W−

π−

η(η′)

ν

τ−
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The decays τ
− → η(η′)π−

The amplitude with π0 – η(η′) transitions in final state

ǫπη(η′)m
2
ρ

(

(1 − i
√

q2Γρ(p
2)

m2
ρ

)BWρ(p
2) + β

p2

m2
ρ

BWρ′(p2)

)

(pµ
π−

−p
µ
η(η′))lµπ

−η(η′)

The amplitude with intermediate a−0 meson

2Zmu(md − mu)ǫη(η′)BWa0
(p2)pµlµπ

−η(η′)

For branching fractions we get

Bπη
V

= 4.35 · 10−6

Bπη
S

= 0.38 · 10−6

Bπη′

V
= 1.11 · 10−8

Bπη′

S
= 1.98 · 10−8
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Conclusions

We can compare our results with ones obtained in previous works

Bπη
V

× 10−6 Bπη
S

× 10−6 Bπη
tot × 10−6

NJL 4.35 0.38 4.72
PR 1.58 ÷ 5.70 10.7 ÷ 65.9 ≃ 26
NS 3.6 ∼ 10 3 ÷ 10

Bπη′

V
× 10−8 Bπη′

S
× 10−8 Bπη′

tot × 10−8

NJL 1.11 1.98 3.09
PR 0.14 ÷ 3.4 6 ÷ 18 –
NS < 2 + 8 < 10 + (20 ÷ 120) < 140
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Conclusions

We can get decay width and branching fraction for τ → a0ν

Γ =
G 2

F
|Vud |2m3

τ

16π

(√
6

2

md − mu

gρ

)2
(

1 − m2
a0

m2
τ

)2

BNJL = 3.28 · 10−6

BNS = 8 · 10−6 (Nussinov & Soffer)

BTT = 16 · 10−6 (Tisserant & Truong)
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Conclusions

The branching fraction for τ− → a−0 ν confirms relevancy of our expression for the
vertex τa0ν. For the vertex a−0 → ηπ− also was used well-known expression. It
contradicts with the ansatz used by Bramon, Narison, Pich (1987) and Paver &

Riazuddin (2010)

ǫπηM
2
R

M2
R
− p2 − iMRΓR(p2)

On the other side, if we use this ansatz for vector to scalar transition and calculate
ρ− → ηπ− with this ansatz then we get

B ∼ ǫ2πη

(

m2
a0

m2
a0

− m2
ρ

)2
Λ3/2(m2

ρ,m
2
η,m

2
π)

Λ3/2(m2
ρ,m

2
π,m

2
π)

∼ 10−3

This limit can be reached in the experiment in the near future.
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Thanks for your attention
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