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Low Energy Hadronic Decays of r-lepton
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A bstract. Hadronic decays of т-lepton with two or three particles in the final state 
are investigated in the Quark Confinement Model, Consideration of intermediate states 
allows one to receive results in a good agreement with experimental data.
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The electroweak meson decays are of extraordinary interest as a source of information 
about structure of hadrons. Among a great number of this processes the leptonic and 
semileptonic decays are especially important, because leptons are known as ’’ideal” probes 
for study the hadronic matter.
Since the time it was found in 1975 т-lepton is known as a very important one for investi
gations of fundamental properties of electroweak interactions. Because of т-mass value , the 
hadronic , namely, mesonic decays are allowed. This fact gives one the opportunity to use 
the hadronic decays of т-lepton as additional and very powerful tool for study both strong 
and electroweak phenomena.

Another problem is the evaluation of the hadronic matrix elements.We perform the cal
culations in the Quark Confinement Model (QCM) [1]. 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.
The following results were obtained for branching ratios of two and three particle T - lepton 
decays
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Obtained results show us the QCM to be able to describe hadron interactions of heavy lepton. 
Good agreement with experimental data was achieved by consistent account of intermediate 
hadron states.

1. Quark Confinement Model

The hadronic interactions will be described in the QCM.This model is based on the following 
assumptions [1]:
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The hadron fields 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 тг*,* and 
q mesons look like:
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r  9K * A4±rAs  a
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gr̂  Xs .зіпв + X°cos0 a=  “ T ^ T s ----------- ------------<Л (3)
V & N 4

Angle 0 in (3) , is a mixing angle for 77 - mesons. The coupling constants дм for meson
quark interaction are defined from so-called compositeness condition [3] It us convenient to 
use interaction constant in a form:

км — 4тг2

1 

П м ( т м)
(4)

instead of дм in the further calculations. All hadron-quark interactions are described by 
quark diagrams induced by S  matrix averaged over vacuum backgrounds.

The second QCM assumption is that the quark confinement is provided by nontrivial 
gluon vacuum background. The averaging of quark diagrams generated by S-matrix over 
vacuum gluon fields B VAC is suggested to provide quark confinement and to make the ultra
violet finite theory. The confinement ansatz in the case of one-loop quark diagrams consists 
in following replacement:

йаУ Л С Т г |М ( т і) 5 ( г 1 , і 2 |ЯУ Л С )...М (;гп )5(:гп ,ж і|.В^^

-  ®2)...Af(x„)Sv (a:„ -  Жі)|, (5)

where
-  *2) =  /  (6)

J г(2тг)4 nA, -  p
The parameter A, characterizes the confinement rang of quark with flavour number q = 
u, d, s. The measure dov  is defined as:

j ^  = G(z) =  a(-z?) + zb(-z?) (7)

The function G(z) is called the confinement function. G(z) is independent on flavor or color 
of quark. G(z) is an entire analytical function on the z-plane.G(z) decreases faster then any 
degree of z  in Eucidean region.The choice of G(z),or as the same of a(—z 2) b(—z 2), is one 
of model assumptions.In the notes [1], [2] a (—z2 ) and b(—z2) are chosen as:

a(«) =  aoe-“2- e i“
ЬЫ = 6ое-“2- Ь1и (8)

The request of satisfaction of Ward anomaly identity in QCM gives the additional cor
relation between a(0) and 6(0): 6(0) =  -a '(0 ), a(0) =  2. Using a(u) and Ыи) as (8), one
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can receive: a0 =  2, щ So, the free parameters of the model are Л,, b0 . bj. The 
model parameters were fixed in the [2] by fitting the well-established constants of low-energy 
physics. ( /n , f x , Qryy, Зрптгі ЯК'гу )

Ли =  460 M eV
A, =  506 M eV  

bo = 2 bi ~  0.2 
OQ =  2 a, =  0.5 (9)

We put Au =  Л Й in the most of decays, but we in the case of decays with 77-mesons in the 
final state we consider as an additional free parameter.

2. Two Particle r-Decays
2.1. T —> 7tu,-Decay

The amplitude of the r  —> -decay is described by the diagram represented in Fig. la.

6 c

F ig i

It’s analytical expression is written as:

GFM  = + 7s)nr (10)

where

Л J ZFPM }
* j 2 F P P № )

The functions F p (^ )  and FP P ( ^ )  have the following form:
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о 0
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here p2 =
The total decay rate for the г  —> iri/T-decay is:

( 1 - 4 ) 2
ІО7Г

The obtained numerical values for branching ratio

B r(r —> ni/r ) = r~— — 11,25%I tot

turned out to be in a good agreement with experimental data[8] :

(14)

Bre l ₽ ( r  ->• тпгт ) =  11,31 ±  0,15

2.2. г  —» pi/T-Decay

The theoretical study of the т-lepton decay into vector particles is very important because it 
is the main decay mode of heavy lepton. Also calculation of г  —> pf,-width is an additional 
test of model of strong interaction , pretending to describe matrix elements momentum 
dependence . One have to stress that calculation of this amplitudes in the another theoretical 
approaches , for example in chiral one [6] , needs the p —» 7 constant which is known to be 
calculated at zero momentum.
Matrix element of г  —> pi/T-decay is defined by diagram represented in Fig. lb. Amplitude 
of this decay is obtained as:

M ^ r  pvT) = [g^q2 -  (17)

where MT—̂ ( g 2 ) looks like:

=  ^ с о в в С \ / ^ ^ Л 2Пу(д2 ) (18)
V 2  Zu

Momentum dependent form factor Пу(д2) is:

ОС 1
Пу(х) =  - | ^ ( / '  b(u)du +  ^  [ d u b (-u ^ )V l  -  u) (19)

uA J A J 4
0 0

The decay width have been calculated in standard way with the account of (17), (18) is 
given by::

Г(т -  pvT ) = -  ^ / ( l  +  ^ ) n v (m2 ) (20)
lU/i O/l *'*p 1 '^T

The calculated by (20)branching ratio value for т —> pvT

Вг(т -> pvT) = =  23,5%
І tot

is in a good agreement with experimental data [8]

B r ^ r  -» pvT) =  23,31 ±  0,05



Low energy hadronic decays o f  т-lepton 31

2.3. T  —» aii-v-Decay

The study of т-lepton decay into axial - vector meson is important because of study of 
heavy lepton physics (study of decays into (2n +  1) тг-mesons). Also it is important for the 
development of model of strong interactions. Last statement is connected with the problem 
of calculation of constant of mentioned decay in the most approaches. QCM allows one 
to calculate this matrix element without any additional assumptions and phenomenological 
parameters.
Diagram defines the matrix element of т —♦ pi^-decay is shown in Fig.lc:

p  __  /5
M ^ T  Щ ^) =  - ^ m a e c y / h ; ^ ^ ^ F ^  -  q ^ F ^ q 2}}, (23)

where form-factors F ^tq 2) and F ^ q 2} can be represented as follows:
ОС ОС 1

— -2 . У  b(u)udu- b(u)du + j \ u b ( - u ~ ) ^  (24)

о o o
oo 1

F * =  зХ ^ У  6(«)du +  I У  d u b (-u ^ )y /l -  u) (25) 

0 0
The width of r  —> aivT can be written as:

Г(Т -  a i PT) = -  ^ f ) 2 (l +  ^ F ^ )  (26)
16TT STT2 ^  m l m l 1

Branching ratio numerical value calculated with(26) turned out to be:

B r(r -r  an v ) =  =  1 0 , 4%
I to i

We have used the value of ay -meson mass equal m a i =  1.275 GeV.

3. T  —> Pi-F^r-Decays

Decay т —> iritvr  is one of the main decay modes of heavy charged lepton. So calculation of 
it's decay width is necessary for study of т-lepton hadronic decays [7]. Besides this, study of 
T. —> тгтгмг decay provides one with important information about nonstrange vector mesons 
properties. The r  —> itqvT ,T —» KqvT decays are of extraordinary interest as a source of 
information about strong and electroweak interactions.
The amplitude of the decay is described by the diagrams represented in Fig.2.

Fig.2 b)
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М ^т  P ^ )  = M ^ r  Р ^ )  + M ^ r  P ^ r ) , (28)

where M£r  M y corresponds to the contribution of direct diagram (Fig.2a) and M y -contribution 
of diagram with intermediate vector state (Fig.2b).Pi means ir, or rj meson,Р2 - тгогР.

Matrix element for direct diagram (Fig. 2a) was obtained as :

< r = ~ ^ ^ ^ S p J c [ X P i , Af t ]((ft -  q ^  + (ft + ^ F ^  (29)

where Gp-Fermi constant, hP 1 2-quark-mesons interaction constants defined by (4). Jc - 
Cabibbo matrix, defined in standard way.
Form factors F_andF+  have been received in QCM with account of Au , AdandAs difference.

Matrix element corresponds the diagram with intermediate vector state can be written 
in following way:

М?т =  ^ г / ^ у / ^ ^ З р ^ с А ^ З р А ^ А р , ,  AP a]
у 2

x ((91 +  9а)м (9і +  qi)" ~ ^ (Q i  +  q z 'fyh yG f ((91 +  g2)2)
x Dvv((qi +  9a)2) [(91 — q i fF -  +  (91 +  92)'7F+ ] (30)

Function D v v ([qy +  g2)2 ) is a structure integral of the r  —+ vTV  -decay matrix element(19) 
It was also evaluated with the account of Ay andA^ difference.

Finally, the expression (30)for matrix element corresponding diagram Fig.2 can be written 
as:

= —i y / h P^ '/h Pi^Sp(JcXy)SpXy[XP t , Ap1]DvV ((g1 +  9s)2 )
V 2
[(91 +  92)2 (91 -  -  (qi +  дгП Й  -  92)]^- (3!)

Matrix element for three particle decay of heave lepton with p-meson was evaluated with 
( 29) and(31):

М ^(г  —> РіРгЬ'т) =  ^ у / ^ \ А ъ ( 9 1  ~  q ^ F i  +  (<h -I- q2 y lF2 (32) 

where form factors F  and F2 have the following form :

Ft =  F _ [-isp Jc [A ft, Af t ] + -Sp(JcAv)SpAv[AP 1 ,Af t ]

x D vv^q i + 92)2)(QI +  ?2)2 -^— r r — yr— ( 2 \ , p  1 (33)
D w (x) — D vv\J^y) 4- zmyL v

F2 =  ~-5pdc[A P 1 , AfiJF+ —-Зр^сАу^рАуІАфАр] 
2 2

X Pvv((9i +  ^ D v v ( x )  _ (3 4 )
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Decay width have been calculated in standard way :

m r
2 

/̂ 2 r 2 2 2I  W A ( 1 , J , 0 ^ ( l , ^ , ^ ) x  (35)

(mP1+mp,)2

x {F, +  2?2F1----- --------+ -F 2 [1 +  —  - ^ ( 1  +  ^ ) ( m f t  +  m p J  +

9 r/2

whereA(x, y, z) - is defined in standard way

Л(ж, у, z) = x 2 + y2 + z2 -  2(xy + x z  + yz) (36)

Form factorsF^Fa are defined by (33) and (34).
We have used the following values for p-meson parameters [8] :

m p =  768,5 ±  0,6MeV, Г '"" =  150,7 ±  1.2MeV

The following branching ratio values were received:

B rlr  —> = 23,7 %
B r(r —* TTJPT) — 1,52 x 10 '4%
Вг{т —> K TJVT) =  5,72 x 10- 4 %

The performed investigation proofs that the ’’long distance ” contribution to the matrix 
elements is important for proper description of this kind of processes .
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