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The decays Tt — (n,1')K v, are described in the framework of the extended Nambu—Jona-Lasinio model.
Both full and differential widths of these decays are calculated. The vector and scalar channels are considered.
In the vector channel, the subprocesses with the intermediate K*(892) and K*(1410) mesons play the main

role. In the scalar channel, the subprocesses with the intermediate K f)k (800) and K, § (1430) mesons are taken
into account. The scalar channel gives an insignificant contribution to the full width of the decay

T — NK v,. The obtained results are in satisfactory agreement with the experimental data. The prediction

for the width of the process T — 1n' K v is made.

DOI: 10.1134/50021364016100106

1. INTRODUCTION

The t-decays are a good laboratory for research of
strong interactions of mesons at low energies. Since
the perturbation theory of quantum chromodynamics
is not applicable in this energy region (energy less than
m. = 1.777 GeV), one has to use different phenomeno-
logical models. These models are generally based on
the vector dominance methods and on the chiral sym-
metry of strong interactions [ 1—10]. However, most of
these models include a number of fitting parameters
for a correct description of experimental data.

The Nambu—Jona-Lasinio (NJL) model [11—-20]
and its new version—the extended NJL model [20—
24]—has a special place among them. These models
allow one to avoid introduction of additional arbitrary
parameters in the description of the hadron processes
at low energies. The extended NJL model is especially
useful for research of the T-lepton decays. In the case
of U(3) x U(3) chiral symmetry, this model allows
describing meson nonets in both ground and first
radially excited states. At the same time, due to the
energy restrictions caused by the T-lepton mass, inter-
mediate mesons in these states play the main role in
some T-lepton decays. That is why, the use of the
extended NJL model allowed a successful description
of a series of T-decays, specifically T — (i, ©(1300))v,
[25],T— (M, )V, [26], T > v, [27],T—> (M, N')2%
[28], T — (p(770), p(1450))v,, T — (K*(892),
K*(1410))v, [29], T — K n'v, [30].

! The article is published in the original.

In the present work, these advantages of the
extended NJL model are illustrated by the calculation
of the width of the decay T — N K™ v,. Recently, this pro-
cess has been actively investigated from both experi-
mental [31, 32] and theoretical point of view. One of the
most interesting theoretical works on this theme is [8].
In that paper the width of the decay T — nK v, was cal-
culated in the framework of Chiral Perturbation Theory
extended by including resonances as active fields, and
the prediction of the width of T — n'K~v, was made. In
that work, it is asserted that the use of the Breit—Wigner
parametrization does not give satisfactory results in the
description of these processes. At the same time, two
other methods based on the exponential resummation
and dispersive representation provide good fits.

In our work, it is shown that in the framework of the
extended NJL model the use of the Breit—Wigner rela-
tion in the standard form for description of the interme-
diate states leads to satisfactory results. This statement is
confirmed by other calculations pointed above. We also
make prediction of the width of the decay T — n'Kv,,
which agrees with the prediction in [8].

2. LAGRANGIAN OF THE EXTENDED
NJL MODEL FOR THE MESONS K*, n, ',

K**, K;* AND THEIR FIRST RADIALLY
EXCITED STATES

In the extended NJL model, the quark-meson
interaction Lagrangian for the pseudoscalar K*, 1, n',
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scalar K", vector K** mesons and their first radially
excited states takes the form:

AL, = ‘7{’7527\{/(01{[« +bx R

j=t

+ DM@ Ky + b Ry

j=t

+ %Y“ZK Aa K +b R

j=t

Y, Y A%ﬁ}q,

A=nn’AAn’

(1)

Jj=u,s

where ¢ and g are the u-, d-, and s-constituent quark
fields with masses m, = m; = 280 MeV, m, = 420 MeV

[24,33],m,M, K", K;", and K™ are the pseudoscalar,
scalar, and vector mesons; the excited states are
marked with hat,

S
sin(20,)
x [ga sin(8, +62) + g,/,(k)sin(8, - eS)}
b, = —_10
sin(20,)
x [ga cos(8, +0°) + g fu(k>) cos(8, eS)},

Al = g{bl + g1 f,(&))bi,,

1711

()

f (kz) =1+ dk’ is the form factor for description of
the first radially excited states [21, 22], d is the slope

parameter, 6, and 92 are the mixing angles for the
strange mesons in the ground and excited states,

d, =—-1.784GeV>, d,=-1.761GeV >,
d, =-1.737 GeV 7>,
05 =58.11°, 0. =74°, 0. =84.74°,

8% =55.52°, 8°. =60°, 8%. =59.56°.

K,

3

The insertion of the pseudoscalar isoscalar fields
requires consideration of the mixing of the four differ-
ent states: M, 1n'(958), N(1295), N(1475), which are
marked asm,m',7}, N '. The last two ones are considered
as the first radially excited states of the m and 7N’

; by and b%z are the mixing coefficients shown
in table [24].

mesons; b

These coefficients were successfully applied for
description of a series of processes with the n-mesons
[24, 28, 34].
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Mixing coefficients for the n-mesons

n Ll n

0.71 0.62 —0.32
0.11 —0.87 —0.48
0.62 0.19 0.56
0.06| —0.66 0.30

u
bﬁl

u
bﬁZ

N
bﬁl

N
bﬁz

0.56
—0.54
—0.67

0.82

The matrices
Ay ik

_ V2 + A
\/5 b

u \/g ’
_ha—ihs _ Ay + V2

\/g b
}\'0 = \/%i’

A4, A5, and Ag are the Gell-Mann matrices.
The coupling constants:

A, A

A

—1/2
4
8k :(Z_12(mwms)j = 3777

K

) -1/2
gk = (41 on,m)) "~ 4.69,
g, = (40,0m,,m)) """ = 2.78,

5 ~1/2
g = (4 om,m)) = 4.69
2 -1/2
gy = (glz(mu,ms)) = 6.8]1,

2 ) 172
g'K" = (312us(mu’ms)) = 11491

-1/2
u 4
g = (Z—Iz(mu,mu)J = 3.02,

T

2 -1/2
g = (41{””(mu,mu)) ~ 4.03,

-1/2
s 4

81 = (ZIZ(ms’ms)J = 4417

1/2

g = (412"2*(ms,ms))7 ~ 5.39,

-1
2
m, .
ZTE =(1—6Wj ~1.45,

a

where

-1
2
Z, = [1 —6’"—;] =~ 2.09,
M

N\
Zy = 1_§w ~1.83,
2 My
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Fig. 1. Decay T — n K v with the intermediate W-boson
(contact diagram).

Z, is the factor corresponding to the n—a, transitions,
Zy s the factor corresponding to the K—K| transitions,
Z, is the factor corresponding to the n—f; transitions,
.= 1230 MeV, My = 1272 MeV, M , = 1426 MeV
[35] are the masses of the axial-vector a;, K;, and f
mesons, and the integral /, has the following form:

[fn s — > N!_’
3 (my,m;) l(21t)4 -
S O(A; —k*)d 'k

ol e e S L

A; =1.03 GeV is the cutoff parameter [14].

All these parameters were calculated earlier and are
standard for the extended NJL model [22, 24].

3. AMPLITUDE OF THE DECAY T — nK™v,
IN THE EXTENDED NJL MODEL

The diagrams of the process T — NK~ v, are shown
in Figs. 1 and 2.

3. 1. Vector Channel

The amplitude of the process T — MK v, for the
vector channel takes the form:

T, = =2iG |V, |I" {Clgle es
K*
2 3 2 L
Ewd — dudy _gpvf(mx _mu) C2C3
X 3 - + (8)
-4 _iJ;FK* Sk
guqu —q4udv _gpv%(ms _mu)2 v
X Pk = Py

M,%*—qz—i\/?rk*

where G = 1.16637 x 10~ MeV~2 is the Fermi con-

stant, V,, = 0.2252 is the element of the Cabbibo—

Kobayashi—Maskawa matrix, /" = yy"1 is the lepton

current, q = pg + py, My = 896 MeV, M;.
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Fig. 2. Decay 1 —» nK v with the intermediate vector
K*(892), K*(1410) and scalar I({,"(SOO) s KS‘(I 430) mesons.

1414 MeV, Ty = 46 MeV, I';, = 232 MeV are the

masses and the full widths of the vector mesons [35].
The first term corresponds to the diagram with the

intermediate W-boson, the second and the third terms

correspond to the diagrams with the intermediate vec-
tor mesons K*(892) and K*(1410). The part

C,(C
C,(Cy) gud’
Ek+

is obtained from the quark loop in the transition of the
W-boson into the intermediate vector meson. The

part C,(C5, C3')(pK — pﬂ)V comes from the quark trian-
gle. The numerical coefficients are

3 2
— 4,49y — 8uv E(ms - mu)

C, = 1" 1M,
C, =—[sin(. +6%.)
sin(20 )

+ R, sin(0 4. — 0%.)],

' 1

—[cos(e .+ 0" )

sin(20%.) S 9)
\/—]aka A

\/Ela,(b A

C,=1"% &

f aka*A

C3 = I
where
12 (mwm)
\/12(mmm )12 (mwm )

a(k )b(k )e (k
(m? = k*)(m,

R,

) _o(A2 —Kk))d'k,
— k%)

Iabc = Nc4'[
(2m)

and where a(k2), b(kz), and c(k2) are the coefficients
from the Lagrangian defined in (2).
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Fig. 3. Differential width of the decay Tt - nK v;.

3.2. Scalar Channel

The amplitude of the process T — N K v, for the
scalar channel takes the form

YTS':_4IGF|VMS|IFl
X C4C5 ms _mu
g M2 —q* —igT .
0 K, K,
+ C‘;CS' m, —m, q
8x; My —a’=iNaT |
where M, = 682 MeV, Mz%’ = 1425 MeV, FK* =

547 MeV, and I"K = 270 MeV are the masses and full
0
widths of the scalar mesons [35].

(10)

The part M(ms —m,) is obtained from the

Ko
quark loop in the transition of the W-boson into the
intermediate scalar meson. The part CS(CS')qLL comes
from the quark triangle. The numerical coefficients
are

C4_ 1

- sin[26?(3]
X [sin(ng + e‘;gj +R, sin(ek(j — e‘}(g]},
C_ -
RRETIET ()
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KaK*AT‘; \/— aKaK,‘.,Aa
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—16
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Fig. 4. Differential width of the decay t > 'K V..

4. NUMERICAL ESTIMATES
The contribution of the diagrams with the vector
channel to the branching of the processT — N K v is

Br(t > MK Vv,), =1.46x107". (12)
The contribution of the scalar channel is
Br(t > nKv,)s =0.28x107". (13)

The calculated branching of the whole process is

Br(t > NK V), =1.45x107". (14)

The experimental values of this branching are
Br(t — MK V) = (1.58 £0.14) x107* [31],
Br(t 5> MK vy, = (.42 0.18)x107* [32], (15)

Br(T = MK ™V,)e, = (1.5240.08) x 10" [35].

In conclusion, let us note that we have not taken
into account the dependence of the width of K*(892)
on the momentum. If we assume that it grows linearly

in \/? , then in the considered energy region one can
put FK% =~ 70 MeV. Then the whole branching is

Brt > MK v,) =1.54x107". (16)

The comparison of the calculated and experimen-

tal differential widths is shown in Fig. 3. The solid line

corresponds to our theoretical differential width. The
points correspond to the experimental values [31].

The prediction for the branching of the process

T — 1M’ K v, isobtained similarly. The contribution of
the vector channel is

Br(t >N Kv,), =1.69%107°. (17)
The contribution of the scalar channel is
Br(t > n'Kv,)g=0.77x10"". (18)
The branching of the whole process is
JETP LETTERS  Vol. 103 No. 10 2016
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Br(tT > M K V) =1.25x107%. (19)
The experimental value is [35]
Br(t =N KV, )e, < 2.4x107°. (20)

The prediction of the differential width of the pro-
cess T — M'K v, isshownin Fig. 4.

5. CONCLUSIONS

The calculations carried out in the framework of
the extended NJL model show that the main contribu-

tion to the width of the decay T — n K v is given by
the vector channel. The subprocesses with the inter-
mediate K*(892) and K*(1410) mesons play the prin-
cipal role. The channel with the intermediate scalar
mesons gives a negligible contribution. The obtained
results are in satisfactory agreement with the experi-
mental data. The prediction for the width of the pro-

cess T — M' K v, was made.
The right shift of the main peak of our theoretical

differential width of the process T — nNK v, may be
explained by a wrong choice of the mass of K*(1410),
which is not measured precisely enough [36, 37]. The
experimentally observed small bump of the differential
width in the region of 1600 MeV may be explained by
the existence of the second radially excited state
K*(1680), which was not taken into account here.
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