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Intrinstic Parity violating process

⟨π−π0η|d̄γµu|0⟩ ≃ Intrinsic Parity violation

⟨π−π0η|d̄γµγ5u|0⟩ ≃ G Parity violation ∼ (mu − md)

PDG(Chin.Phys.C) (1.39 ± 0.10) × 10−3

Belle (PLB 672, 09) (1.35 ± 0.03 ± 0.07) × 10−3
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Interaction

Lint = −
GF
√

2
V ∗

udντ γµ(1 − γ5)τ d̄γµ(1 − γ5)u
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Phase space Phase space

dΓ =
1

2mτ

|T |2dPs4

T = < ντ η(pη)π−(p−)π0(p0)|T |τ− >

dPs4: Phase space:

dPs4

dMπ−π0dMπ−ηdMπ−π0η

=
1

(2π)5

m2
τ − M2

π−π0η

8m2
τ

×
Mπ−π0Mπ−η

Mπ−π0η

×
d cos θ

2

d cos β

2

dα

2π

dγ

2π



5/22

Decay distributions

d3Γ

dMπ−π0dMπ−ηdMπ−π0η

=
G2

F |Vud|2

(2π)5

m2
τ − M2

π−π0η

32m3
τ

Mπ−π0Mπ−η

Mπ−π0η

LµνHµν ×
dα

2π

dγ

2π

d cos θ

2

d cos β

2

Hadoronic and Leptonic tensor

Hµν = JµJν∗

Lµν = ūγµ(1 − γ5)uτ uτ γν(1 − γ5)u

Hadoronic current
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Jµ =< π−π0η|d̄γµ(1 − γ5)u|0 >

Jµ = V1µF1 + V2µF2 − iV3µF3 + V4µF4

V1µ = (pπ− − pπ0)µ − Qµ

(pπ− − pπ0) · Q

Q2

V2µ = (pπ0 − pη)µ − Qµ

(pπ0 − pη) · Q

Q2

V 3µ = ϵµνρσpν
π−pρ

π0p
σ
η

V4µ = Qµ ≡ (pπ0 + pη + pπ−)µ

Fi (i=1-4)are form factors and functions of invariant

masses such as Mπ−π0 , Mπ−η and Mπ−π0η
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Contruction of Lorentz indices

LµνHµν = 2(m2
τ − M2

π−π0η)
∑

L̄XWX

X = A, B, ... 16 independent structures (see Khun

and Mirkes ZPC. 56(1992)). After taking average

over angle variables α, β, γ, only thee

X = A, B, SA survive

< L̄A > = < L̄B >=
2

3
+

m2
τ

3Q2
+ P cos θ(

m2
τ

Q2
−

2

3
)

< L̄SA > =
m2

τ

Q2
(1 + P cos θ)
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Correspondingly Hadronic tensor WA, WB, WSA are

given as follows

WA = |x1F1 + x2F2|2 + x2
3

[
|F1 −

F2

2
|2 +

3|F2|2

4

]
WB = x2

4|F3|2, WSA = Q2|F4|2
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Distribution functions of three invariant masses

d3Γ

dMπ−π0dMπ−ηdMπ−π0η

=
G2

F |Vud|2

(2π)5
Mπ−π0Mπ−η

Mπ−π0η

(m2
τ − M2

π−π0η
)2

16m3
τ

×
∑

X=A,B,SA

< L̄X > WX

∑
X=A,B,SA

< L̄X > WX = (
2

3
+

m2
τ

3Q2
)(WA + WB)

+
m2

τ

Q2
WSA (Q2 = M2

π−π0η)
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Chiral Lagrangian with vector mesons including

isospin and intrinsic parity violating effects

L =
f2

4
Tr(DLUDLU†) + BTr[Mq(U + U†)]

− ig2pTr(ξMqξ − ξ†Mqξ†) · η0

+
1

2
∂µη0∂µη0 −

M2
0

2
η2
0 + M2

V Tr
[
(Vµ −

αµ

g
)2

]

ξ = exp(i
π

f
) U = ξ2 DLµU = (∂µ + iALµ)
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Isospin breaking mu ̸= md leads to mixings π0 η, η′

Mq =


mu 0 0

0 md 0

0 0 ms





12/22

M2 neutral pseudoscalar mass matrix in (π0, η8, η0)

basis.

∆MK = M2
K+ − M2

K0 , ΣMK = M2
K+ + M2

K0
M2

π+ ∗ ∗
∆MK

√
3

2(ΣMK) − M2
π+

3
∗

−ĝ2p(∆MK)
ĝ2p(ΣMK − 2M2

π+)
√

3
M2

00


With Tr[M2] = M2

π0 + M2
η + M2

η′ , one can

determine ĝ2p so that it reproduces mass

eigenvalues.
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Figure 1: ∆m=eigenvalue−physical value fo neutral

meson masses. (Black for η′, Blue for η, and Red is

for π0) The horizontal axis is the coupling constant

ĝ2p.



14/22

|ĝ2p| = 0.43 ∼ 0.44 leads to a good fit for masses

η′ and η. ∆mπ ≃ 5 (MeV) remains. Below ,we

show the orthogonal matrix O for ĝ2p = −0.43.

O =


0.999959 −0.00900404 −0.00137294

0.00859435 0.982629 −0.185383

0.00301846 0.185363 0.982665




π0

η8

η0

 =


O11 O12 O13

O21 O22 O23

O31 O32 O33




Π0

η

η′


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Contribution to Form factors for axial current

< π0π−η|d̄γµγ5d|0 >= V1µF1 + V2µF2 + V4µF4
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Intrisic Parity violating terms:

(1) Wess Zumino term of chiral anomaly:

LW Z =
i

π2f3
ϵµνρσtrVµ∂νπ∂ρπ∂σπ.

⟨π−π0η|d̄γµu|0⟩ =
(O11O22 − O12O21)

2
√

6π2f3
ϵµνρσp−

ν p0
ρpη

σ.

contributes to the from factor F3 of the vector

current.
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Other intrinsic parity violating interactions

such as ρ → ππη, V ρη

Fujiwara et.al. PTP.73(1985) with corrections.

LIP V =
∑

i=1,2,4

CiLi

L1 = iϵµνρσTr[αLµαLναLραRσ − (R ↔ L)],

L2 = iϵµνρσTr[αLµαRναLραRσ],

L4 = −
1

2
ϵµνρσTrFV µν [αLραRσ − (R ↔ L)].
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definition

αLµ = αµ + α⊥µ − gVµ

αRµ = αµ − α⊥µ − gVµ

αµ =
1

2i
(ξ†DLµξ + ξ∂µξ†)

α⊥µ =
1

2i
(ξ†DLµξ − ξ∂µξ†)

FV µν = ∂µVν − ∂νVµ + ig[Vµ, Vν ]
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V ρη V ρπ ρππη
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Figure 2: Differential branching distribution for

τ− → ηπ0π−. The unit is MeV−3. Mπ0π−η =
1500 (MeV) Mηπ− = 900(MeV) 300(MeV)<

Mπ0π− < 900(MeV). C1 = C2 = C4 = 1 is chosen.
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1 We study intrinsic parity violating process

τ− → ηπ−π0ν.

2 Chiral Lagrangian with explicit isospin breaking

and intrinsic parity violation is adopted. With

this Lagrangian, the non-vanishing contribution

to the axial vector form factor (F1, F2, F4) are

computed. We add intrinsic parity violating

interactions and compute the vector form factor

F3. (Three free parameters C1, C2, C4.)

3 We show the differential rate for three invariant

masses for the case Ci = 1 and found the peak



22/22

of ρ− meson for the distribution with respect to

Mπ−π0 . More serious comparison and fitting

with Belle’s data will be shown in the near

future.


