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Low Energy Hadronic Decays of r-lepton
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Gomel State Technical University

Abstract. Hadronic decays of T-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 7-lepton is known as a very important one for investi-
gations of fundamental properties of electroweak interactions. Because of 7-mass value , the
hadronic , namely, mesonic decays are allowed. This fact gives one the opportunity to use
the hadronic decays of 7-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 7- lepton
decays

DECAY MODE BTQCM Brup
T — TV, 11,25% 11,31+0,15
T — pUy 23,5% 23,31+ 0,05
T — a1V 10, 4% -
T — 7wy, 23, 7% 25,24+ 0,16
T — Y, 1,52 x 107% -

T — Knu, 5,72 x 1074% -

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 vene;at'mg function. The transition of hadrons to quarks and vice versa is given
by the interaction Lagrangian. In particular necessary interaction Lagrangians for 7% * and
7 mesons look like:
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Angle § in (3) , is a mixing angle for 71 - mesons. The coupling constants gys for meson-
quark interaction are defined from so-called compositeness condition [3] It us convenient to
use interaction constant in a form:
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instead of gas 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 By 4c 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: '
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where

dt ; 1
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The parameter A, characterizes the confinement rang of quark with ﬂavour number ¢ =
u,d, s. The measure do, is defined as:

/ Dy _ G(z) = a(—22) + 3b(~7?) (7)
v—32

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(—2%) b(—2?%), is one
of model assumptions.In the notes {1}, [2] a{—2?) and b(~2?%) are chosen as:

a(u) = age™ ¥
b(u) — boe—-u’—bm (8)

The request of satisfaction of Ward anomaly identity in QCM gives the additional cor-
relation between a(0) and b(0): b(0) = —a’(0), a(0) = 2. Using a(u) and b(u) as (8), one
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can receive: ag = 2, a; = 8. So, the free parameters of the model are Ay, by, b;.
4 q

The

model parameters were fixed in the [2} by fitting the well-established constants of low-energy

PhySiCS-_(fm fx, 9oy Gryys oy, Gonns gK"‘ﬂ'y)

A, =460 MeV
A, =506 MeV
=2 b =02
ag =2 a; =05

9

We put A, = Ay in the most of decays, but we in the case of decays with 7-mesons in the

final state we consider A, as an additional free parameter.

2. Two Particle 7-Decays -

2.1. 7 — av.-Decay

The amplitude of the 7 — nv,-decay is described by the diagram represented in Fig.1a.

T T T
T T T
a b c
Fig.1

It’s analytical expression is written as:

M= % Sak®cos0cPatn, Yol + ¥s)ur

where

A VBFe(i2)
T «/2Fpp(u?)

The functions Fp(u2) and Fpp(u?) have the following form:
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here p2 = T;'\'—:l
The total decay rate for the 7 — nv,-decay is:

Gheos®0cfZmd .~ mi .,
F(T hand 7I'V.,) = —-—-——1—6—%#(1 - m—’é (14)
The obtained numerical values for branching ratio
Br(r — nvy) = I = mr) =11,25%

turned out to be in a good agreement with experimental dataf8] :

B,rez'P(T — 7”/1,) = 11,31 :1:0, 15

2.2. 7 — pv-Decay

The theoretical study of the m-lepton decay into vector particles is very important because it
is the main decay mode of heavy lepton. Also calculation of 7 — pv,-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 — ~ constant which is known to be
calculated at zero momentum.

Matrix element of 7 — puv,-decay is defined by diagram represented in Fig.1b. Amplitude
of this decay is obtained as:

M¥(r — pu,) = [gqu - qﬂqy]MT—'pur(qz)» (7
where M,_.,..{q*) looks like:

G 3
Mo (@) = o000/ YN ) (18)

Momentum dependent form factor IIy(g?) is:
1 oo 1
Iy(z) = ﬁ;(/ b(u)du + % /dub(—u%)\/l —u) (19)
0 )

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

2 25 3Ry 44 3 e
F(T - pl/,) = m—WGFcos 6687['217121\ m,,.(l - m—g) (1 +

M y(md) (20)

m2
The calculated by (20)branching ratio value for 7 — pu,

I'(r — pvy)
oot

is in a good agreement with experimental data [8]

Br(t — py,) = =23,5%

Br*®P(r — pv,) = 23,31+ 0,05
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2.3. 7 — a1v,-Decay

The study of 7-lepton decay into axial - vector meson is important because of study of
heavy lepton physics (study of decays into (2n + 1) m-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 ope
to calculate this matrix element without any additional assumptions and phenomenological

parameters.
Diagram defines the matrix element of 7 — pu,—decay is shown in Fig.1c:
M¥(r — awy) = 20500+ has AZL!J‘”’fF‘(qz) — ¢ F (), (23)

where form-factors F{(q?) and F{‘(q"’) can be represented as follows:

Fi(z) = »2.0/b(u)udu - g%(of b(u)du + zo/ldub(—uz—)(Zu ~ 1)Vl —w) (24)

o0 1 )
Fi= éi?(o/b(u)du + % /dub(~u§)v 1-u) (25)
)

The width of 7 — a,u, can be written as:
2m

3ha 2
T(r — aw,) = Gpcoszecgz—*zzv1 mi(l - “1)2( m;‘)F{‘(mil (26)

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

T(r — ayvy)
Ftot
We have used the value of a; -meson mass equal m,, = 1.275 GeV.

Br{t — a1v;) = = 10, 4%

3. 77— P,Py.-Decays

Decay 7 — wrv, is one of the main decay modes of heavy charged lepton. So calculation of
it‘s decay width is necessary for study of 7-lepton hadronic decays [7]. Besides this, study of
1. — mny, decay provides one with important information about nonstrange vector mesons
4propert1es The 7 — mnv,,7 — Knu, 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.

vy m, K,n v, =, K,n
v

m™n ™

a) Fig.2 b)
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MHT1 — PiPv,) = MY (T — PP, + ME(T — P Py, (28)

where MY, MY corresponds to the contribution of direct diagram (Fig.2a) and M -contribution
of diagram with intermediate vector state (Fig.2b).P; means 7, or n meson,P; - morK.
Matrix element for direct diagram (Fig.2a) was obtained as :

G 1
My, = ”7%\/ hni\/ﬁ§5PJC[)‘an Ar)(( — @) F- + (g + @)P Fy) (29)

where Gp-Fermi constant, fip, ,-quark-mesons interaction constants defined by (4). Je-

Cabibbo matrix, defined in standard way.

Form factors F_andF, have been received in QCM with account of A, AgandA, difference.
Matrix element corresponds the diagram with intermediate vector state can be written

in following way:

n
M,

i

G 1
7;\/}!?1 v hpzasp(‘]c/\v)sp)\v[)\pl,Apz]

(o + @)@ + &) — (0 + @)W GV (@ + )°)
x Dyy{(g + @)@ — @) F- + (n + @) Fy) (30

Function Dyv((g1 + ¢2)%) is a structure integral of the 7 — v,V -decay matrix elerhent(lg)

It was also evaluated with the account of A, andA, difference.

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

M, = %\/T V5o Jor)Spv e, AnIDvy (@ + )
(0 +0)* (@1 — )" — (@ + ) (& - B)F- (31)

Matrix element, for three particle decay of heave lepton with 7-meson was evaluated with
(29) and(31):

G
M¥ (™ = PP;) = 7;\/ ke Vhe(n — @)+ (@ + @) F (32)

where form factors F; and F; have the following form :

1 : 1
F, = F,[—-Q—SpJC[Apl, ’\Pz] + ZSP(JCAV)SP)‘V[)‘PU)‘P;]

1
D 2 2 - 33
x Dyv((@+a)) o+ e) Bov(e) = Dyv () +varv] (33)
1 1
R = -§SchP\P,, Ap,|Fy — ZSP(JCAV)SP)‘V[}W’/\P]
@~
x Dyy((g+q)®) A (34)

F.
Dyv{(z) — Dyy(m%) + imyTy
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Decay width have been calculated in standard way :

m,?

P = PPw) = oakzhbn [ a0, 000 T MR )
(rru=1+m»,)2
(s L 2 20 g ) s
+2md, - - L
whereA{(z, ¥, z) - is defined in standard way
A&,y,2) = 2* + ¢ + 2° ~ 2(zy + 22 + y2) (36)
Form factorsF, F; are defined by (33) and (34).
We have used the following values for p-meson parameters [8) :
m, = 768,53 0,6MeV, I/ =150,7 + 1.2MeV

The following branching ratio values were received:

Br(r - mry,) = 23,7 %
Br(r - mnu,) = 1,52x107*%
Br(tr — Knv,) = 5,72x107%

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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