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Abstract

The hadronic tau decay τ− → ντηπ−π0 occurs through V-A weak current. In this decay mode, the vector current
contribution is intrinsic parity violating and the axial current contribution is G parity violating. The latter contribution
is suppressed due to tiny isospin breaking. We have computed both vector and axial vector form factors using a chiral
Lagrangian with vector mesons including the effect of isospin breaking and intrinsic parity violation. A numerical
result of the invariant mass distribution is shown and the structure of ρ resonance can be seen in the distribution with
respect to Mπ−π0 .
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1. Introduction: Intrinsic Parity violation of τ decay

Many hadronic τ decay modes are found. Among
them, decay modes with more than two pseudo-Nambu
Goldstone bosons as a final state are interesting since
they include both intrinsic parity (IP) violating and con-
serving amplitudes [1],[2],[3],[4]. IP for bound state
of quark and anti-quark is assigned to scalar, pseudo-
scalar, vector and axial vector mesons.

IP = +1, S i j = q̄ jqi,Vμi j = q̄ jγμqi, (1)
IP = −1, Pi j = iq̄ jγ5qi, Aμi j = q̄ jγμγ5qi.

With this assignment, IP is the sign which one ob-
tains by replacing γ5 with −γ5. As for gauge bosons,
which are not bound state of quark and anti-quark, vec-
tor gauge boson is regarded as,

Vμ =
ALμ + ARμ

2
, (2)
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where AL (AR) denotes the gauge boson which
couples to left(right)-handed quark. The IP is defined
as the sign which one obtains by interchanging AL and
AR in Eq.(2). Therefore, IP of a single photon is +1.

The hadronic current of the weak decay amplitude

G eiπIy C IP
π+ −1 π− −π− −1
π0 −1 −π0 π0 −1
π− −1 π+ −π+ −1
η8 +1 η8 η8 −1

d̄γμu +1 −ūγμd −ūγμd +1
d̄γμγ5u −1 −ūγμγ5d ūγμγ5d −1

Table 1: Assignment of G parity and Intrinsic Parity (IP) on π,η8 ,vec-
tor and axial vector current

for τ− → ντηπ
−π0 is written in terms of the sum of

the matrix element of vector current and the matrix
element of axial current. The IP of the (axial) vector
current is +1(−1) and the IP of the final state; ηπ0π− is
−1. The vector current contribution corresponds to the

Available online at www.sciencedirect.com

Nuclear and Particle Physics Proceedings 260 (2015) 75–78

2405-6014/© 2015 Elsevier B.V. All rights reserved.

www.elsevier.com/locate/nppp

http://dx.doi.org/10.1016/j.nuclphysbps.2015.02.015

http://www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.02.015
http://dx.doi.org/10.1016/j.nuclphysbps.2015.02.015
http://www.sciencedirect.com


intrinsic parity violating process and the axial current
contribution is intrinsic parity conserving one.

Next we consider another parity called G parity. G
parity is defined as CeiπIy . As shown in Table 1, G par-
ity for η is +1 which is different from pion’s G parity.
G parity and IP of vector current are the same to each
other and is +1. Their assignment on axial current is
also the same and it is −1. One also notes that pion’s
G parity and IP are the same to each other and they are
−1. Therefore vector current contribution is G parity
conserving and IP violating while the axial current con-
tribution is G parity violating and IP conserving.

2. Interaction and Form factors

The weak interaction which is relevant for τ− →
ντηπ

−π0 is given as,

−Lint =
GF√

2
V∗

udντγμ(1 − γ5)τd̄γμ(1 − γ5)u.

(3)

The hadronic matrix elements for vector and axial vec-
tor currents between vacuum and ηπ−π0 are written as,

〈ηπ−π0|d̄γμu|0〉 = −iV3μF3,

〈ηπ−π0|d̄γμγ5u|0〉 = V1μF1

+ V2μF2 + V4μF4, (4)

where Fi (i = 1− 4) are form factors and Viμ are written
in terms of the four vectors of mesons in the final states.

V1μ = (pπ− − pη)μ − Qμ
(pπ− − pη) · Q

Q2 ,

V2μ = (pπ0 − pη)μ − Qμ
(pπ0 − pη) · Q

Q2 ,

V3μ = εμνρσpνπ− pρ
π0 pση ,

V4μ = Qμ ≡ (pπ0 + pη + pπ− )μ, (5)

where ε0123 = 1. The form factor F3 for vector current
is G parity conserving and IP violating. The axial vector
form factors F1, F2, and F4 are G parity violating and IP
conserving.

3. Isospin breaking and π0 and η(η′) mixing

To compute the matrix element for the hadronic
current, we introduce a chiral Lagrangian with vector
mesons. The axial vector form factor becomes non-zero
due to the isospin violation and we must keep the mass
difference of up quark and down quark. Since the IP is

conserved for the matrix element for the axial current,
we adopt the IP conserving part of Lagrangian [5],

L =
f 2

4
Tr(DμUDμU†)

+ BTr[Mq(U + U†)]
− ig2pTr(ξMqξ − ξ†Mqξ

†) · η0

+
1
2
∂μη0∂

μη0 −
M2

0

2
η2

0

+ M2
VTr

⎡⎢⎢⎢⎢⎢⎣
(
Vμ − αμg

)2⎤⎥⎥⎥⎥⎥⎦ , (6)

where we use SU(3) octet mesons which are given by
3× 3 matrix; π =

∑8
a=1 π

aT a to write the pseudo Nambu
Goldstone bosons. The fields which appear in Eq.(6) are
given as,

ξ = exp(i
π

f
), U = ξ2,

DμU = (∂μ + iALμ)U − iUARμ,

DμU† = (∂μ + iARμ)U† − iU†ALμ,

αμ =
1
2i

(ξ†DLμξ + ξDRμξ
†), (7)

where DLμ = ∂μ + iALμ and DRμ = ∂μ + iARμ. Vμ de-
notes SU(3) vector mesons octet including ρ,K∗, and
ω8. η0 denotes SU(3) singlet pseudo-scalar meson.
The term proportional to g2p leads to octet and singlet
mixing such as π0 − η0 mixing and η8 − η0 mixing.
The Lagrangian Eq.(6) is invariant under replacement
π → −π, (AL, AR) → (AR, AL) and it is IP conserving.
We introduce isospin breaking by keeping the mass dif-
ference of up quark and down quark and the current
quark mass Mq is given as,

Mq =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
mu 0 0
0 md 0
0 0 ms

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠ . (8)

π0 and the other isosinglet mesons η, η′ are mixed.
Since the axial vector form factor is G parity violating
and very sensitive to the mixing matrix of the neutral
mesons, we investigate their mass squared matrix,

M2 =⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

M2
π+

ΔK√
3

−G2pΔK

ΔK√
3

2ΣK−M2
π+

3
G2p(ΣK−2M2

π+
)√

3

−G2pΔK
G2p(ΣK−2M2

π+
)√

3
M2

0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
,

(9)

where ΔK = M2
K+ − M2

K0 ,ΣK = M2
K+ + M2

K0 and G2p =
g2p f

B . We note ΔK denotes the isospin breaking and is
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