Eur. Phys. J. A (2023) 59:79
https://doi.org/10.1140/epja/s10050-023-00996-8

THE EUROPEAN ()]
PHYSICAL JOURNAL A e

updates

Letter

On the decay widths of radially excited scalar meson K (’)"(1430)

in view of new experimental data

Mikhail K. Volkov'?, Kanat Nurlan'-2-3., Aleksey A. Pivovarov'¢
1 Bogoliubov Laboratory of Theoretical Physics, JINR, 141980 Dubna, Moscow region, Russia

2 The Institute of Nuclear Physics, 050032 Almaty, Kazakhstan

SN Gumilyov Eurasian National University, 010008 Astana, Kazakhstan

Received: 13 December 2022 / Accepted: 30 March 2023 / Published online: 15 April 2023
© The Author(s), under exclusive licence to Societa Italiana di Fisica and Springer-Verlag GmbH Germany, part of Springer Nature 2023

Communicated by Evgeni Kolomeitsev

Abstract Decays of scalar mesons K;(800) — K and
K;(1430) — Km, Kn, Kn', Kim are described in the
extended U (3) x U(3) Nambu—Jona-Lasinio chiral quark
model. The obtained results are in satisfactory agreement
with the new experimental data obtained by the BaBar col-
laboration, which markedly differ from the existing values in
the PDG.

1 Introduction

The description of scalar mesons in the ground and excited
states is of great interest. In view of recent experimental data
the study of the strange scalar meson K in the ground and
first radially excited states is especially interesting.

The scalar meson K§(800) decays into a K7 pair with
100% probability [1]. At the same time, for the decay of
the radially excited K;(1430) meson, the main channels
are K, Kn and K7’ [1]. The decay K;(1430) — Km
was first measured with sufficient accuracy in the study
of the reaction Kp — Knn [2]. In a recent paper by
the BaBar collaboration the decays of the charmed pseu-
doscalar meson 1. were measured, where a detailed anal-
ysis of the data showed the decisive role of channels with
scalar mesons [3]. This made it possible for the first time
to measure the ratio of the branching fractions for the
B(K;(1430) — n'K)/B(K;(1430) — 7 K) decays and to
estimate the coupling constants g,/ x, gk - In this case, the
K;(1430) — Km decay widths obtained using the latter
constant turns out to be noticeably smaller than the existing
data in PDG [1]. Such discrepancy makes the issue of a the-
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oretical estimation of the K§(1430) meson decay widths of
topical.

In the present paper, we calculate the decay widths of radi-
ally excited scalar meson K§(1430) — K, K;(1430) —
Kn, K5(1430) — Kn' and K;j(1430) — K7 within
the extended U (3) x U(3) NJL chiral quark model [4-9].
Regarding the last decay, in [10] it was shown that the exist-
ing PDG data on the width of K;(1270) — K{(1430)m
imply K§(1430) — K(1270)r. We agree with this state-
ment and give an independent estimation for the decay
width of K§(1430) — K;(1270)w. However, the width
r (KS‘(1430) — K1(1270)7r) = 40keV obtained by us turns
out to be noticeably smaller than the width F(K§(1430) —
K1(1270)r) = 2075(4+4100, —1100) MeV obtained in
[10]. Our result confirms the fact that the K(’)" (1430) meson
width is practically exhausted by the K7, K71 and K n’ chan-
nels.

For the calculation of the K(’)k(1430) — [Km,Kn, K7/,
K] decays, we use the extended NJL model [4-7,9]. The
NIJL chiral quark model successfully describes interactions of
four meson nonets of scalar, pseudoscalar, vector, and axial-
vector types in the ground and first radially excited states
using a limited number of fixed parameters. In the model,
the effective chiral quark-meson Lagrangians are obtained,
and the processes of meson production in 7 decays and e*e™
annihilations, as well as numerous decays of radially excited
mesons, are successfully described.

In our version of the U (3) x U (3) chiral NJL model, the
value of the cutoff parameter is A4 = 1250 MeV [9]. This
makes it possible to include in the model, in addition to the
4-meson nonets in the ground states, also their first radially
excited states, and in this case, one can hope to obtain satis-
factory results at a qualitative level in the framework of partial
chiral symmetry conservation. Such an attempt was made in
the works [5—7,11]. Radially excited states were described by
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introducing into the model the simplest form factor quadratic
in the transverse momentum of quarks. In this case, the mix-
ing of mesons in the radially excited state with the ground
states was also taken into account, which leads to the appear-
ance of off-diagonal terms in the free Lagrangian. These
terms are diagonalized using mixing angles or a matrix in the
case of 1, n’, n(1295) and n(1475) mesons. It is important
to note that the slope parameter d introduced in the extended
model is fixed without using experimental data, based on the
requirement that the quark condensate remains unchanged
after radially excited states are taken into account. In this
case, the values of quark masses and the ultraviolet cutoff
parameter do not change.

Itis interesting to note that within the extended NJL model,
the mass spectrum of the ground and excited scalar nonets
was satisfactorily described (19 states of scalar mesons, tak-
ing into account mixings of five states: 4 scalar and one glue-
ball) [6,12].

2 Effective quark-meson Lagrangians of the NJL model

The quark-meson Lagrangian for the strong interaction of
scalar, pseudoscalar and axial vector mesons necessary for
describing the processes considered here in the NJL model
takes the form [6,7,9,11]

Lint =(§|:iy5Aﬂ Y oofxl +iysAx Y K
i=%4,0 i==4,0

1 )

+varsAk, Y MK,
i==+,0

+ 3 M Ak K+ By K

i=%,0
+iy® D7 i [ Al +A§7ﬂ7’Hq, (1)

i=u,s

where ¢ and g are u, d and s quark fields with constituent
quark masses m, ~ mg = 270 MeV, m; = 420 MeV,
excited mesonic states of mesons are marked with a hat and
A are linear combinations of the Gell-Mann matrices [9]

}Liz)u;:f:i)@ ([)(:)\6+i)\7
V2 V2
M iAo
1277 )"g =)\‘39
V2t . —ho+ /248

A’L{ - = A
V3 V3

Ay =AY [gM sin 60 + ghy fu(k3) sine;l] ,

By = —A?M [gM cos 9;51 + g}l,,fM(ki) cos 91;[] , 2)
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Table 1 Mixing parameters of n mesons [6,9]

n 7 n 7
at 0.71 0.62 —0.32 0.56
at 0.11 —0.87 —0.48 —0.54
a‘f 0.62 0.19 0.56 —0.67
aé 0.06 —0.66 0.3 0.82

where A9, = 1/sin(26Y,) and 63; = 6, +6Y,. The subscript
M indicates the corresponding meson; 6, = 59.48°, 9}3 =
59.12°,6x = 58.11°, 6y = 55.52°, 6k, = 85.97°, 6 =
59.56°, Ok = 74.0° and 910(3 = 60.0° are the mixing angles
[9]. The mixing angles for the K and w mesons 68 =~ 6j; so
for the ground states of these mesons one can use A; = g
and AK = 8K -

For the n mesons, the factor A takes a slightly different
form. This is due to the fact that in the case of the n mesons
four states are mixed

Al = gty + gpualy fuu (kD).
Ay = gipaiyy + 8heady fos (k). 3)

Here f (ki) = (1 +dki) O(A? — ki) is the form-
factor describing the first radially excited meson states.
The slope parameters, dy,, = —1.784 x 107°MeV~2? and
dss = —1.737x 10~°MeV 2, are unambiguously fixed from
the condition of constancy of the quark condensate after the
inclusion of radially excited states and depends only on the
quark composition of the corresponding meson [9].

The values of the mixing (A) parameters are shown in
Table 1. The 1’ meson corresponds to the physical state
1n'(958) and the 7, 7’ mesons correspond to the first radial
excitation mesons 1 and n’.

The quark-meson coupling constants have the form

4 -2 2\ 12
8r = g?}“ = Z_120 ) g]-[ == gnu = (4120) s
T

4 —-1/2 , 2 -1/2
8yt = 7 YIOZ s 8y = (4102> )
0

4 -z 2\ 12
Z—Ill) 8K=(4I11) )
K

—1/2
8K, = (—111> ,

7 o\ "l2 -
gk, =(§Ilfl) Lgky = (402,

an—1/2
S = (41{1 ) , 4)

here Z, and Z,s are additional renormalization constants
appearing in the pseudoscalar and axial-vector transitions
[7,9].
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Integrals appearing in the quark loops are
fm . N
Inlnz = —1 (27;)4
/ kD)

(m2 — k2)m (m? — k?)m
where Az = 1030 MeV is is the three-dimensional cutoff
parameter, the value of four-dimensional cutoff parameter is
A4 = 1250 MeV [7].

When describing decays involving K axial vector mesons,
we take into account the mixing effect of the K14 and Kp
states [13,14]. The mixing of the axial vector mesons K4
and Kip leads to physical states K1(1270) and K;(1400)
[1]. This mixing is described as follows:

O(A3 — kDd*%,  (5)

Kis = K1(1270) sina + K1(1400) cos «,
Kip = K1(1270) cos @ — K1(1400) sin c, (6)

where o = 57° [9]. This effect was also considered in the
works [15-19].

3 Amplitudes and decay widths

We start with considering the decay K;(800) — K. This
process is described by the quark diagram given in Fig. 1.
Quark loops are calculated using the methods developed in
the NJL model and successfully tested on other physical pro-
cesses [7,9]. The loop integrals are expanded in terms of the
external fields momentums, and only the logarithmic diver-
gent parts are preserved. Accounting for such terms makes
it possible to preserve the chiral symmetry in the model
[13]. Model calculations lead to the following formula for
the decay width K§(800) — K:

KiKm\2
1 (Smsluo >\/E%(_M12(

MK~ —K 7%=

ZJKE; + 1 ZMKSk 4NMK3
(7
where
M2, + M2 — M2
Kk K 0
g =0, Ef = ————, ®)

where the meson masses are taken from PDG [1].
The integral with mesons vertices K j K 7 takes the form:.

KiKn . Nc
111(J (my, ms) = —lw
f By (k1) Ak (k1) Ar (kT)
(m2 — k?)(m?2 — k?)
Integrals for other decays can be obtained in a similar way

with the replacement of the corresponding vertices defined
in (2) and (3).

O(A3 — k7)d*k. 9)

K

T

Fig. 1 Triangle quark diagram for the decay of scalar meson Kj —
Kn

The decay amplitude of Kj~ — K 97~ has a similar
structure with an additional factor /2. As a result, for the
width we obtain I'(K;~ — Km) = 430 MeV. Calculations
in the standard NJL model lead to a close result F(K(’)k T =
Km) = 450 MeV. The experimental value for the width of
this decay is I'(K§ — K7)exp = 468 &30 MeV [1].

To calculate the decay of a radially excited meson
K;(1430) — K in the obtained amplitude (7), we replace
the vertex K§(800) — K§(1430). As a result, for the width
and decay constant gx, in the extended NJL model, we
obtain

['(K((1430) > Km)nyr = 18.543MeV,

g%, = 0.515GeV>. (10)

The model predictions for this decay can be compared
with the data of the BaBar collaboration derived from the
analysis of the processes yy — . — (7, n')K K [3]

g% = 0.458 =+ 0.032y + 0.0445,, GeV?2. (11)

As we can see, the results of the calculation in the NJL
model for the value of the constant agree satisfactorily with
the new experimental data. The decay width obtained using
the experimental value of the constant gx, is equal to
I'(K;(1430) — Km) = 16.46 £ 1.15 MeV at the mass
MK;;(1430) = 1425 4+ 50 MeV. It turns out to be less than
the width I'(Kj(1430) — Km) = 251.10£27.0 MeV [2],
which is given in PDG.

Our calculations show that the decay width of the radi-
ally excited meson K (1430) — K is noticeably smaller
than the width in the ground state K5(800) — K. Note
that a similar situation was observed in the NJL. model when
describing the decays p — 27 and p’ — 27 [6].

Next, we consider the decays of Kj(1430) with the pro-
duction of meson pairs Kn and Kn'. Here it is necessary
to take into account both the u,d and s quark parts of these
mesons. As a result, we obtain the following amplitudes

M(KG(1430) — K1) = 8my 110" — 83/2m,, 170%™

(12)
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MKEQ1430) — Koyl = 8m 0™ — 8/2m,, 150%™
(13)

Numerical estimates lead to the following values for the
width and decay constants in the NJL. model

[(KE(1430) — Kn)nyr = 0.291MeV,
g%g, =0.030GeV?, g%n, = 0.671 GeV?>. (14)

In the work, [3] the BaBar collaboration presented

2
M—150j:024 +0.24 (15)
2 = 1. -<TFstat < &Trgys -

8kn

For this ratio in the NJL model we get g%(n,/g%(n = 1.30.
These results can be considered satisfactory within the exper-
imental and model accuracies. The model precision is esti-
mated as +15% based on the statistical analysis of previous
numerous calculations and partial axial current conservation
(PCAC) [9]. For the decay widths ratio R = I' (K (1430) —
Kn)/T'(K;(1430) — Ko) taking into account the model
error we can obtain the estimate R = 0.016 &£ 0.005. This
is much lower than the values obtained by the BaBar col-
laboration R = 0.092 £ 0.025 [20]. Here we can claim
only a qualitative description of the scalar meson decay
K;(1430) — Kn. The discrepancies between the results
for the ratio R obtained in the NJL model with experimen-
tal data BaBar are possibly a consequence of the lack of the
tertraquark part consideration of the K5 (1430) meson in our
model. Note that a similar situation takes place in the case
of the decay fp(980) — mm, where, without taking into
account the tetraquark component, an underestimated value
for the decay width was obtained [21,22].

Next, consider the decay K;(1270) — K{(1430)m.
This process is possible in the case of Mg, (1270) >
M K§(143O) + My, which is unlikely and can be due to
the large width of the mesons K(1270) and Kj(1430) and
uncertainties in mass definitions M Kp(1430) = 1425 £+ 50
MeV and Mg 12700 = 1253 &= 7 MeV [1]. In [10], the
decay K;(1430) — K is described, which is a rever-
sal reaction of K{(1270) — K(’)"(1430)n, and a relatively
large width I' = 2075(+4100, —1100) MeV is obtained.
This width turns out to be wider than the meson width
r K;(1430) = 270 4+ 80 MeV and does not correspond to
the fact that the Kj(1430) meson predominantly decays into
K and K7 [1]. However, the authors did not attempt to give
an exact value for the width but showed a discrepancy of the
process K(1270) — K;(1430)7 given in the PDG. This
decay in the NJL model is described by the amplitude

. KK
MK (1430) > Kym) =2sinel 7™ (s + pr)pen (P, ),
(16)

@ Springer

where €, (pk,) is the polarization vector of the K| meson
with the momentum pg,; p K; and p, are the momenta of
the pion and scalar meson K (1430). Accordingly, in the
model, we obtain the decay width

['(K;(1430) — K m)ns = 40keV. a7

4 Conclusions

In this paper, we have described the decay channels of scalar
mesons in the ground K;(800) and first radially excited
state K5(1430). Our results for the decays of the excited
meson K;(1430) are in satisfactory agreement with the
recent experimental data of the BaBar collaboration [3]
and at the same time deviate noticeably from the PDG
data [1].

At the present time, in describing scalar mesons, an impor-
tant role is played by the assumption of the tetraquark struc-
ture of scalar mesons [23]. This especially concerns isovec-
tor scalar mesons ap, where it is impossible to correctly
describe the mass My,980) = 980 = 20 MeV without the
assumption of a tetraquark structure. At the same time, the
masses of the isoscalar mesons f((980), as well as strange
mesons K, both in the ground and first radially excited
states, are quite satisfactorily described based on the quark-
antiquark structure [6]. This allows us to assume in this
paper that the strange mesons K5 (800) and K (1430) mainly
have a quark-antiquark structure. We also admit the possibil-
ity of the existence of a tetraquark structure in the defini-
tions of Ka‘(SOO). However, in the case of strange mesons,
this part does not play a leading role. And here we con-
firm the assumption about the predominant role of gq states
made in [22], where the relative roles of tetraquark and ggq
structures of scalar mesons were studied. The presence of
quark-antiquark structures in other scalar mesons also fol-
lows from the existence of chiral symmetry. There are a num-
ber of works that evaluate the relative role of quark-antiquark
and tertraquak states in determining the ao(980) structure
[22,24,25]

As regards the K1(1270) — K(;‘(1430)7t decay, we agree
with the statement of the authors of [10] that the existing PDG
data on the partial width of the K;(1270) — K[)"(1430)7r
imply the process K[)"(1430) — K(1270)7. In addition,
we give an independent estimate of the K;j(1430) —
K1(1270)r decay width, which turns out to be much smaller
than the width obtained in [10] and gives a small contribution
to the total width of " K (1430)-
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