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Abstract

Hadronic decays of τ -lepton have been investigated in the frame-
work of Quark Confinement Model.Branching ratios of τ decays
with one pseudoscalar, vector or axial vector meson and with two
pions in the final state have been calculated. The numerical results
are in a satisfactory agreement with experimental data.

1 Introduction

Since opening in 1975 [1] τ -lepton is an essential tool for testing the fun-
damental aspects of the electroweak interaction. In particular, due to the
large mass of τ -lepton hadronic decays are cinematically . This makes
it possible further study as a phenomenon related to the strong interac-
tion, as well as phenomena associated with the weak interaction. Unlike
a well-known process of hadrons, which gives an indication only of the
electromagnetic vector current, semi-leptonic decays lepton provide an op-
portunity to study both vector and axial currents.Unlike a well-known
process e+e− → γ and hadrons, which gives an indication only of the
electromagnetic vector current, semi-leptonic decays of τ -lepton provide
an opportunity to study both vector and axial currents.This kind of de-
cays were studied in different theoretical approaches [2] Currently hadron
decays of heavy lepton are studied by such collaborations as ALEPH
[3],BaBar[4],CLEO[5],BELLE[6]. The study of hadron decays requires at-
traction of additional models of strong interactions at low energies.In the
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present investigation we we study τ - lepton decays in Quark Confine-
ment Model (QCM) [7]. This model based on the certain assumptions
about nature of quark confinement and hadronization allows to describe
the electromagnetic,strong and weak interactions of light (nonstrange and
strange)mesons from a unique point of view.

2 Two particle τ-Decays with Pseudoscalar

Mesons in the Final State

The hadron fields in QCM are assumed to arise after integration over gluon
and quark variables in the QCM generating function. The transition of
hadrons to quarks and vice versa is given by the interaction Lagrangian.
In particular necessary interaction Lagrangians for πandK mesons look
like:

LP =
gM√

2
P q̄aiγ5λ

mqa (1)

λm - is a corresponding SU(3)-matrix,q- quark vector

qaj =

 ua

da

sa


The coupling constants gM for meson-quark interaction are defined from so-
called compositeness condition. It us convenient to use interaction constant
in a form:

hM =
3g2

M

4π2
= − 1∏̃′

M(mM)
(2)

instead of gM in the further calculations.
a)τ → πντ Decay
The matrix element of this decay can be written as

M(τ → πντ ) =
GF√

2
fπ cos θCp

µν̄(q̂)γµ(1− γ5)τ(k̂) (3)

where

fπ =

√
3ΛFP (µ2

π)

π
√

2FPP (µ2
π)

(4)

with µ2
π = m2

π

Λ2

Γ(τ → πντ ) =
1

16π
G2
Ff

2
π cos2 θCm

3
τ

(
1− m2

π

m2
τ

)2

(5)
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Structure integrals FP (x), FPP (x) has the following form

FP (x) =
∫ ∞

0
dua(u) +

x

4

∫ 1

0
dua

(
−ux

4

)√
1− u (6)

FPP (x) =
∫ ∞

0
dub(u) +

x

4

∫ 1

0
dub

(
−ux

4

)
1− u

2√
1− u

(7)

Functions a(u) and b(u) are QCM confinment functions:

a(u) = a0e
−u2−a1u

b(u) = b0e
−u2−b1u (8)

Decay width for τ → Pντ is written as:

Γ(τ → Pντ ) =
1

16π
G2
FgτνP

2V 2
ijm

3
τ

(
1− m2

P

m2
τ

)2

(9)

where Vij denotes the ij element of CKM matrix [8]. In case of τ → Pντ
Vij = Vud Branching ratio of this decay have been recieved

b)τ → Kντ Decay
To describe the interaction of heavy lepton with kaons it is necessary

to take into account the difference in the parameters of the non-strange
and strange quark. The matrix element of this decay can be written as

M(τ → Kντ ) =
GF√

2
gτνK sin θCp

µν̄(q̂)γµ(1− γ5)τ(k̂) (10)

Form factor gτνK have been recieved as

gτνK =
Λ

π

√
3hK

2
FP

(
µ2
K ,Λu,Λs

)
(11)

where hK is defined by (2) Loop integral FP in this case is:

FP
(
µ2
K ,Λu,Λs

)
=

δ

2
(
∫ ∞

0
dua(u) + s

∫ u∆

0
dua(−us)

√
1− u+

(
u∆

2

)2

) +

+
∆

4
δs2

∫ u∆

0
duua(−us)

√
1− u+

(
u∆

2

)2

(12)

The following notations in (12) have been introduced:

Λ2 =
Λ2
s + Λ2

u

2
; ∆ =

Λ2
s − Λ2

u

Λ2
s + Λ2

u

; δ =
√

1−∆ +
√

1 + ∆. (13)

The decay width τ → Kντ can be calculated by (9) with Vij = Vsd
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3 τ Lepton Interaction with Vector mesons

The study of τ - lepton decay in vector particles is very important due to
the fact that the ρ - mesons channel is the main channel of heavy lepton
decays. Interaction Lagrangians for ρandK∗ mesons in QCM is:

LV =
gV√

2
V µq̄aγµλ

mqa (14)

a)τ → ρντ Decay
The matrix element of this decay can be written in the following way:

Mµν =
[
gµνq2 − qµqν

]
Fτρν

(
q2
)

(15)

where

Fτρν
(
q2
)

=
GF√

2
VudΛ

2

√
3hρ

2π
Πρ

(
q2
)

(16)

Constant of ρ- quark interactions hρ can be calculated by (2). Form factor
Πρ(x) have been received as

Πρ(x) =
1

3Λ2

(∫ ∞
0
dub(u) +

x

4

∫ 1

0
dub

(
−ux

4

)√
1− u

)
(17)

b)τ → K∗ντ Decay
Matrix element of τ → K∗ντ decay can be written in a form similiar

to (15) and (16), with Vud changed to Vsd.

Mµν =
[
gµνq2 − qµqν

]
FτK∗ν

(
q2
)

(18)

FτK∗ν

(
q2
)

=
GF√

2
VsdΛ

2

√
3hK∗

2π
ΠK∗

(
q2
)

(19)

We have taken into account difference between nonstrange and strange
quarks, so form factor Π∗K(x) is written as

ΠK∗(x) =
(√

1−∆2 − 1
)
× (20)

×

∫ ∞
0
duub(u)−

(
x

4

)2 ∫ 1

0
duub

(−ux
4

)√
1− u+

(
u∆

2

)2
−

−
(
x∆

8

)2 ∫ 1

0
duu2b

(−ux
4

)√
1− u+

(
u∆

2

)2

+

+
4

3Λ2

∫ ∞
0

dub(u) +
x

4

∫ 1

0
duub

(−ux
4

)√
1− u+

(
u∆

2

)2

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The widthes of τ → V ντ can be calculated in standard way and can be
written using (15)-(17) and (18)-(20) as

Γ(τ → V ντ ) =
3G2

FV
2
ijhV Λ4

128π3m2
V

m3
τ

(
1− m2

V

m2
τ

)2 (
1 +

2m2
V

m2
τ

)
Π2
V

(
m2
V

)
(21)

4 Interaction of τ-Lepton with Axial a1 Me-

son

The study of τ - lepton interactions with axial vector meson is extremely
interesting from the point of view of studying its decay into (2n + 1)
meson, as well as a testing of model because the calculation of the decay
constants can not be linked with the phenomenological constants of the
low-energy physics, as is done in most of the approaches in the case of
final pseudoscalar and vector states.In the QCM axial vector meson-quark
interactions are described by

iγµγ5λ
mqa (22)

Matrix element for τ → a1ντ is writtten as

Mµν(τ → a1ντ ) =
GF√

2
VudΛ

2

√
3ha1

2π

[
gµνq2FA

1

(
q2
)
− qµqνFA

2

(
q2
)]

(23)

where form factors FA
1 (x) and FA

2 (x) have been obtained in a form

FA
1 (x) = (24)

= −2
∫ ∞

0
duub(u)− x

3

(∫ ∞
0
dub(u) +

x

4

∫ 1

0
dub

(
−ux

4

)
(2u− 1)

√
1− u

)

FA
2 (x) =

1

3Λ2

(∫ ∞
0
dub(u) +

x

4

∫ 1

0
dub

(
−ux

4

)√
1− u

)
(25)

The decay width is calculated by the formula:

Γ(τ → a1ντ ) =
3G2

FV
2
udha1Λ4

128π3m2
a1

m3
τ

(
1−

m2
a1

m2
τ

)2 (
1 +

2m2
a1

m2
τ

)(
FA

1

(
m2
a1

))2

(26)
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5 Three Particles Decays

Decay τ → ππντ is one of the main modes of heavy lepton decays. The
matrix element is defined by the contact graph and graphs with an inter-
mediate vector meson.

Contribution from the contact graph can be written as

Mµ
dir(τ → ππντ ) = GFVudhπ(q1 − q2)µF−

(
s, q2

1, q
2
2

)
(27)

where s = (pτ − pντ )2.
Form factor F− (s, q2

1, q
2
2) have been obtained as

F−
(
s, q2

1, q
2
2

)
=

1

2

(∫ ∞
0

dub(u) +
s

4Λ2

∫ 1

0
dub

(
− us

4Λ2

)√
1− u

)
+ (28)

+
1

2Λ2

∫ 1

0
d3α·δ

(
1−

3∑
i=1

αi

)(
sα1α2 + q2

1α1 (1 + α3) + q2
2 (1 + α3)

)
b (−Q)

where

Q =
sα1α2 + q2

1α1α3 + q2
2α2α3

Λ2
(29)

Intermediate vector meson contribution to the matrix element in the gen-
eral case can be written as

Mµ
int(τ → ππντ ) = Mµλ

τ→ρντ (s)Dλσ
ρ (s)(q1 − q2)σF−

(
s, q2

1, q
2
2

)
(30)

Mµλ
τ→ρντ (s) and F− (s, q2

1, q
2
2) are defined by (27) and (28).

Mµλ
τ→ρντ (s)Dλσ

ρ (s) contents hρD
µν
ρ (p2). Its analytical expression in

chain approximation have to be modified due of ρ−resonance. The fol-
lowing form have been used

hρD
µν
ρ

(
p2
)

=
1

Π1ρ (p2)− Π1ρ

(
m2
ρ

)
+ imρΓρ

×

×

−gµν + pµpν
Π2ρ (p2)

Π1ρ (p2)− Π1ρ

(
m2
ρ

)
+ p2Π2ρ (p2)

 (31)

where mρ and Γρ are mass and full width of ρ resonance. Matrix element
of τ → ππντ is a sum of mentioned above contributions. So it have been
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obtained in the form:

Mµ(τ → ππντ ) = GFVudhπ(q1 − q2)µF−
(
s, q2

1, q
2
2

)
×

×

 Π1ρ (p2)

Π1ρ (p2)− Π1ρ

(
m2
ρ

)
+ imρΓρ

− 1

 (32)

The width of the decay have been received under standard transformations
is written in the following way

Γ(τ → ππντ ) =
G2
Fh

2
πV

2
ud

64π3mτ

×

×
∫ m2

τ

4m2
π

ds

s
λ
(
s,m2

τ , 0
)
λ

3
2

(
s,m2

π,m
2
π

)(
1 +

2s

m2
τ

)
F 2
−

(
s, q2

1, q
2
2

)
(33)

6 Numerical Results

The following QCM parameters were used for calculation of numerical
values of matrix elements [9]

Λu = 460 MeV

Λs = 506 MeV

b0 = 2 b1 = 0.2

a0 = 2 a1 = 0.5 (34)

Branching rations calculated by

Br(τ →Mντ ) =
Γ(τ →Mντ )

Γtot
(35)

are given in Table.

τ -Decays Br (QCM) Br (Experiment) [10]
τ → πντ 11, 25% (10, 83± 0.06) %
τ → Kντ 7, 6 · 10−3 (7, 0± 0.1) · 10−3

τ → ρντ 23, 5% (25, 52± 0, 09) %
τ → K∗ντ 1, 68% (1, 20± 0, 07) %
τ → a1ντ 10, 4% -
τ → ππντ 23, 7% (25, 24± 0, 16) %

The table shows that our values are in reasonable agreement with the
experimental data.
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