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DECAYS OF EXCITED STRANGE MESONS IN THE EXTENDED
NJL MODEL

M.K.Volkov', V.L.Yudichev’, D.Ebert’

A chiral U(3) x U(3) Lagrangian, containing besides the usual meson fields their first radial
excitations, is considered. The Lagrangian is derived by bosonization of the Nambu-Jona-
Lasinio (NJL) quark model with separable nonlocal interactions. The spontaneous breaking of
chiral symmetry is governed by the NJL gap equation. The first radial excitations of the kaon,
K" and o are described with the help of two form factors. The values for the decay widths of
the processes K >pK, K" >K'n, K" —Kn, ¢ K"K, ¢’ >KK, K'~Kp,
K’ > K"n and K’ — K2n are obtained in qualitative agreement with the experimental data,

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics,
JINR.

Pacnaab! Bo30yKIEHHbIX COCTOAHMI CTPAHHBIX ME30HOB
B pacmupenHon mogean HII

M.K.Bonaxos, B.JI.IOouues, [].26epm

Paccmotpen kupanbbiit U(3) x U(3)-narpatxnal, COUepXaiuuii KpoMe OGBIMHBIX ME30H-
HBIX NOJIEH HX NepBbie panHaibHble Bo3OyxaeHus. Jlarpanxuan nonysex 6030Hu3aLMeil KBap-
koBo# Moaenu Tuna Ham6y-Houa-Jlasuuuo (HUJT) ¢ HetokanbHbBIM B3aUMOdEHCTBHEM cemnapa-
Genbroro Tuna. CrOHTaHHOE HapylIeHHe KHPATBHONH CHMMETPUH OBYCIORIEHO YPaBHEHHEM Ha

wes. Iepsbie panuanbhbie Bo3Gyxaenus kaoHa, K™ W ¢ ONMCAHB! NPH NOMOLLM IBYX (opM-
thakTopos. Benmuntst wrpnu pacnanos ans npoueccos K 5 pK, K” > K'n, KV > K=,

¢ > K K, ¢ > KK, K’ > Kp, K’ — K"nu K’ > K2R 10:1y4eHb! B Ka4eCTBEHHOM COETAaCHH
C 3KCAEPHUMEHTAILHBIMU 1aHHBIMH.
Pa6ota BeinonueHa B JlaGoparopuu teopetnueckoit dmsnku um. H.H.Boromo6osa OUSIH.

1. Introduction

In our previous papers [1,2,3] the chiral quark model of the Nambu-Jona-Lasinio
(NJL) type with separable nonlocal interactions has been proposed. This model is a
nonlocal extension of the standard NJL model {4,5,6,7,8]. The first radial excitations of the
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scalar, pseudoscalar, vector and axial-vector mesons were described with the help of form
factors corresponding to 3-dimensional ground and excited state wave functions. The meson
masses, weak decay constants and a set of decay widths of nonstrange mesons were
calculated.

The theoretical foundations for the choice of polynomial pion-quark form factors were
discussed in [1] and it was shown that we can choose these form factors in such a way that
the mass gap equation conserves its usual form and gives a solution with a constant
constituent quark mass. Moreover, the quark condensate does not change after including the
excited states in the model, because the tadpoles connected with the excited scalar fields
vanish. Thus, in this approach it is possible to describe radially excited mesons above the
usual NJL vacuum, preserving the usual mechanism of chiral symmetry breaking. Finally,
it has been shown that one can derive an effective meson Lagrangian for the ground and
excited meson states directly in terms of local fields and their derivatives. A nonlocal
separable interaction is defined in the Minkowski space in a 3-dimensional (yet covariant)
way whereby form factors depend only on the part of the quark-antiquark relative
momentum transverse to the meson momentum. This ensures absence of spurious relative-
time excitations [9].

In the paper [2], the meson mass spectrum for the ground and excited pions, kaons and
the vector meson nonet in the U(3) x U(3) model of this type has been obtained. By fitting
the meson mass spectrum, all parameters in this model are fixed. This then allows one to
describe all the strong, electromagnetic and weak interactions of these mesons without
introducing any new additional parameter.

In the paper [3], it was shown that this model satisfactorily describes two types of
decays. This concerns strong decays like p —2r, n’ —pr, p’— 2n associated with
divergent quark diagrams as well as the decays p” — wn and @" — pr defined by anomalous
quark diagrams. Here we continue the similar calculations for the description of the decay
widths of strange pseudoscalar and vector mesons.

The paper is organized as follows. In section 2, we introduce the effective quark
interaction in the separable approximation and describe its bosonization. In section 3, we
derive the effective Lagrangian for the pions and kaons and perform the diagonalization
leading to the physical pion and kaon ground and excited states. In section 4, we carry out

the diagonalization for the K * and ¢ mesons. In section 5, we give the parameters of our
model and the masses of the ground and excited states of kaons, K * and ¢ mesons and the
weak decay constants Fn, Fn,, F X and F P In section 6, we evaluate the decay widths of
the processes K = K *n, K > pK, K™ — Kn, ¢’ > K *K, and ¢’ — KK. In section 7, we

calculate the decay widths of the processes K’ — pK, K’ — K*n and K’ — K2n. The
obtained results are discussed in section 8.

2. U(3)x U@3) Chiral Lagrangian with the Excited Meson States

We shall use a separable interaction, which is still of current-current form, but allows
for nonlocal vertices (form factors) in the definition of the quark currents

LG q1=]d* G0 -mem+L,,, (1)
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Here m® is the current quark mass matrix (we suppose that mgzmg); j‘;, PV A(x) denote,
respectively, the scalar, pseudoscalar, vector and axial-vector currents of the quark field
(U(3)-flavor); F ‘Z;I!‘(x;xl, x2), i=1,... N, are a set of nonlocal scalar, pseudoscalar, vector

and axial-vector quark vertices (in general momentum- and spin-dependent), which will be
specified below.

Upon bosonization we obtain [1,2]

bo%(q, q; C, ¢ P,A)= Jd X Id xzq(x {(za —m0)8(x1 ~ X))+

+fax 2 2 (GHF § 5 3, %) + $OF § (5 x,, x,) + 7

a=0i=1

+ v”“(x)F““(x X %))+ A PROF W xl,xz)):lq( x,)—

~Ja* {——(o @+ 420~ 5 (v“‘-( )+A“”2(x>>}
i=1
This Lagrangian describes a system of local meson fields, o?(x), ¢?(x), V?’“(x), A ?'”(x),

i=1,... N, which interact with the quarks through nonlocal vertices. These fields are not
yet to be associated with physical particles, which will be obtained after determining the
vacuum and diagonalizing the effective meson Lagrangian.

In order to describe the first radial excitations of mesons (N=2), we take the form
factors in the form (see {1])

F o )=y, F k) =i Ek),
F bt =vR% Y, Fahm) =y "2 V) (8)

flay=cla +a i, ©)
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A" are the Gell-Mann matrices. We consider here the form factors in the momentum space

and in the rest frame of the mesons (Pmeson =0; k and P are the relative and total

momentum of the quark-antiquark pair). For the ground states of the mesons we choose the
functions f g’o(k) =1.

After integrating over the quark fields in Eq.(7), one obtains the effective Lagrangian
of the o7, 63, 67, 63, V¥, VI¥, A (" and A J¥ fields

- T 1 -2 1 2.7
L@ 0. VATV, A) =~ (0 + 04T+ G + 5= (Vo AL+ Vo +A D) -
1 2
—iN Tr log [ig —m0+(c'a+ i7.5¢a+YpV:+757pA Z‘+ (10)

+ @, + B+ 1,V h + 151, A Ry DAY,

Let us define the vacuum expectation of the ¢’ o fields*

4 (o,)
<—8§SII )0=—ithrf d k4 01 - G“ %-0. an
] A et ¢ -mP+(0,)) G
Introduce the new sigma fields whose vacuum expectations are equal to zero
6,=0,-(, ) ’ (12)
and redefine the quark masses
_.0
ma—ma—(o’a)o. (13)
Then Eq.(11) can be rewritten in the form of the usual gap equation
m=m +8G ml (m), (i=ud,s), (14)
where
. d* 1
Im)==iN | 2= (15)

A, on (m” ~ k)"

and m, are the constituent quark masses.

3. The Effective Lagrangian for the Ground and Excited States
of the Pions and Kaons

To describe the first excited states of all the meson nonets, it is necessary to use three
different slope parameters da in the form factors fg(k) (see Eq.(9))

fol®=cV1+d, ),

u

*We can derive this form of the gap equation only if the condition (G, )o=0 is fulfilled (see Refs.1,2,3 and
Egs.(17)).
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PVa._ PV 2
fug ®=c (I1+d k%), (16)
PViyy_ PV 2
fss (k)_css a +dssk ),
Following our works [1,2] we can fix the parameters d,d, andd by using the conditions
. fP fP fP fP
I wim )=0, I wlm )+ 1 w(m) =0, I ss(m ) =0, 17

where o ff
. % £
1/fim)=-in [ 45 —ala (18)
A, em'* (m? - )

Egs. (17) allow us to conserve the gap equations in the form usual for the NJL model (see
Egs. (14)), because the tadpoles with the excited scalar external fields do not contribute to
the quark condensates and to the constituent quark masses.

Using Eqgs. (17) we obtain close values for all d,

us s

d, =-1784GeV? d =-17565GeV>2 d_=-1727GeV2 (19)

Now let us consider the free part of the Lagrangian (10). For the pions and kéons we
obtain

2 7
LP%0=3 Y T ¢eRDewe. (20)
ij=la=1
Here
3

Y O =’ romin, )7+ @Y =2K 7K., @ +@)P=2kK"

a=1

The quadratic form K g.b(P), Eq.(20), is obtained as

b _sab
K 7(P)=8K {(P),

KYP)==8 1 _iN | d'k 1 O —— T
T T %G, T, 1 shi ] 57 )
! (2n) Ly 0 Ly e
3 2K +2P m, K 2}’ e,
P
f‘l'El, f;zfa(k).
mi=m (a=1,.,7; m=m (@=1,..3%; m'=m_ (a=4,..7) (23)
q u q u q s

m, and m_ are the constituent quark masses (mu zmd). The integral (22) is evaluated by
expanding in the meson field momentum P. To order P2, one obtains

2 2 2 2
K‘f](P):Z‘l‘(P ~M‘l'), ng(P)zzg(P‘—Mg) (24)

2 2
K,(P)=K5,(P)=y“(P" -4 Splo=a. .7y B=m —m),
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where a a a ffa 3 fa
z°=41"2 z,°=417°7 =41}z, (25)
M2=zy | L 4oy + 19my) |+ 242 6 (26)
1 1 G, Wiy v 8 Uiy ablb=4,.,7
2 -1 1 S—1,2
M; =(Z ‘2‘) [5;_4(1{‘,(,,,;)4, 11{“(”,3,))]4,2 A8 g 7 1))
6m§ _ ) Gmi
Here, Z=1- — = 07, Z=1-T — = 1 (see Eq.(32)), Z is the additional renorma-
al al

lization of the ground pseudoscalar meson states, taking into account the ¢“ — A“ tran-
sitions (see {2,3]). 1%, 1{:‘ and 1{{“ denote the usual loop integrals arising in the momentum
expansion of the NJL quark determinant, but now with zero, one or two factors 1K),

Eqgs.(16), in the numerator (see (18) and below)
J- d% f(K).. £ (k)

Ié-f“(mq, m)=~iN, A o (’"32 B kz)(mz,z ey (28)
After the renormalization of the meson fields
¢ =Nzl (29)
the part of the Lagrangian (20), describing the pions and kaons, takes the form
L f’:%[(lﬂ ~MD TP+ M) ] (30)

Lg)=%[(P2—M?( —A2>Kf+(P2—Mi-A2>K§+2FK<P2-A2>Kle}- (31

i

Here
¥s 1 Q“\IZ
r“z\/z‘l‘z‘2‘=\/1;,/2]a2' 32)
After the transformations of the meson fields
0% =cos ®,- 92)&1)‘1" —cos (6 + 92)¢‘2”, (33)

¢ =sin (8, — 600" - sin (8, +0°)0%"
the Lagrangians (30) and (31) take the diagonal forms
@ 1 2 422 L2 20 2
L —2(P2 Mw +2(P2 M2)n?, (34)
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1 1 ,
L§)=5(P2—M3()K2+5(P2—Mf()1<2. (35)
Here
2 __ 1 2 2 T 232 7
M 0 0T [Mn]-i»an( +) \/(M1tl MM+ GM, M, T) ] (36)
. n
1 )
M(KK,) TN f(+Mf(+2A2(1—rf()(-,+)\/(M§<-Mf<)2+(2MKMKrK) , (37)
(1- FK) 1 2 1 2 1 2
and 1 Mi-m2,
tan 20, = \| = -1 T‘—; , 20 =208 +m, (38)
a r MZ+M2 a Ta
a ¢l q>2
.0 1/1+I“a
sm9a= > (39)
. n; 4
_(4Z (m m)) I:GI—SI(m)} 42’"1(’”,,’”‘,,)61, (40)

—(421ff(m m))“[ -SIff(m)}

1

M il = (4212(mu, ]ns))—l {Gll _ 4(11(mu) +ll(ms)) J+ (Z -1 _ 1)A2 =

—-(m—m)—G+(z -l _na?, (41)

= (4Iff(m m))~" [ —4Tm )+ 1m ))]
l

4. The Effective Lagrangian for the Ground and Excited States
of the Vector Mesons

The free part of the effective Lagrangian (10) describing the ground and excited states
of the vector mesons has the form

2 8
1
LOW=-5 T 3 VIPRM@WVP), (42)
ij=la=0
where



12 Volkov M.K. et al. Decays of Excited Strange Mesons

3
2 — 4132 512 *—|
Y V=@ oM+ 2ot (VI (VI = 2K TR

Vv =2k R, (v = (ol

and 5.
RP.‘.V“(P)=—ELgFlv
4
—iNCUIA ‘;k4 e —— 1
» 2m) K +3P —mz k'——}’ —m,
V=1 pVer 0.
To order P2, one obtains
REY =W [PPgHY - pHPY - g™ @14y,
RE =W P’g W~ PEPY g (M )7,
Uva _ p Hva _ 2_uv H v_§ 2 _puvsab
R =Ry =Y [Pg" -P"P 5 A%8 & |b=4‘.7]’
Here
8 a a jfa —a__8_ Ja
a2 _ -1 2sab
M’ =WiG)™ +3 A,
g 2 2ab
(M= (W56, +3 3 A%, 4 o

After renormalization of the meson fields
yHar =y d yha
] i H
we obtain the Lagrangians
@__ L uvp2_ pupy _ mve 2\ v
LY == (" P = PP =g "M ypip) +
+2T (g 1YP2 ~ PPY)plip) + (g YP* ~ PPV — g VM ypbpl],

@ _ _ 1 uvp2  pipv _  HVps2 oV
Ly == 1P = PPY = g MM )olig) +

+T (g WP? ~ PAP)glo) + (¢ VPP~ PPV — g VM ehol),

@ X[ wvp2_ pupv_ w3 42, 4.2 g #V
L= 2]:[g PP - PPpY - [ZA My KK+

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(5hH
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N
+ ZI“K*[g Wp2 _ phpv_ g kv % A* |k K+ - (52)
J

2

+[g Wp2_ phpv_ ¢ “V[%A2+M2.DK5“K;V]

Here
) 3 2 3
M = Miye——— N
P, 8G212(mu, mu) K, 801212(mu’ ms)
o 3 ) 2 3
M2 = g2 o— 2 (53)
%8G Lmam)" Py 8G 1 m ’
M.2 .= __‘3_.__ 2 = h_3—
K, SGzlfzf(mu, ms) %, 8G;zlg(ms’ ,ms) v
da
Iylm, m) (54)

“  NI%m, m) 15m,, m)
After transformations of the vector meson fields, similar to Eqs.(33) for the pseudoscalar
mesons, the Lagrangians (50,51,52) take the diagonal form

)= _% (@ "P" = PP~ 2y v 4 PP - PPY - VEVY, (55)

where V¢ and V¥ are the physical ground and excited states of vector mesons

2 _ ] 2 2 2 _ 2122 ; 7]
p,5_2“_rz)[Mp]wwpz( ,+) \/(Mp] Mpz) +(2Mp]Mp2Fp) J (56)
p

2 _ 1 2 2, T 22 3z
M¢~$—2(l_r$)[M¢]+M¢2( ,+) WM‘*\ 'M¢2) +(2M¢1M¢2F¢) J (57)
) 1. 2 2 2 2
Mior=————"—IM% +M*% +3A°(1 -T2
KX 2(1_1.?(‘)[ K77k, K"
VML - M2 My My rK.)?-} (58)
I 2 i 2

5. Model Parameters and Meson Masses

In the paper [2], there were obtained numerical estimations for the model parameters,
meson masses and weak decay constants in our model. Here we only give the values: the
constituent quark masses are m, =m,=280 MeV, m =455 MeV; the cut-off parameter

A, =1.03 GeV; the four-quark coupling constants G,=347 GeV™? and G,=125 GeV7?,
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the slope parameters in the form factors duu=— 1.784 GeV‘z, dus=—1.757 GeV_z,

d =-1727 GeV~2%: the external parameters in the form factors c:fu =1.37, cf"u =1.32, cuKs =1.45,

K =154 and ¢ = 1.41.

With the model parameters fixed, we obtain the angles 6, and 62:
- o o — o — Q 0 -— [=] — (=]
6, =59.48° 6 =59.12°, 9p-81.8 , 69—81.5 , 8,=60.2° (59)

0_. p— [~ 0 — o — o 0__ [e]
8, =57.13, 0, =84.7° 0,- =59.14°, 9‘9—68.4, 9@—57.13,

and the meson masses are

M =136 MeV, M =13GeV, Mp =768 MeV, Mp, = 1.49 GeV (60)

M, =496 MeV, M,.=145GeV, M, =887 MeV, M,+, =1479 GeV
The experimental values are [10]

M ;’;p =134.9764 £ 0.0006 MeV, M ;’,‘P =1300 100 MeV, M :"p =768.5£0.6 MeV,

M ;"p =1465%£25MeV, M ‘;'("E =493.677+0.016 MeV, M ‘;'(",p = 1460 MeV, (61)

M‘;’(".‘;= 891.59 £0.24 MeV, M‘;(x.?= 1412 + 12 MeV.

For the weak decay constants we have

F =93MeV, F_,=057MeV, F =108MeV = L.I6F, F,.=33MeV, (62)

Now we can calculate the stong decay widths of K’ and K™

6. The Decays K” 5 Kp, K" > K'n, K" - Kn, ¢ > KK, ¢’ > KK

In the framework of our model, the decay modes of the excited strange vector mesons

K" and ¢’ are represented by the triangular diagrams shown in Figs.| and 2. When
calculating these diagrams, we keep the least possible dependence on the external momenta:
squared for the anomaly type graphs and linear for another type. We omit here the higher
order momentum dependence.

As it has been mentioned in this paper, every vertex is now momentum dependent and
includes form factors defined in Sec.3 (see Eq.(16)). In Figs.1 and 2 the presence of form
factors is marked by black shaded angles in vertices. Each black shaded vertex with a
pseudoscalar meson is implied to contain the following linear combination for the ground
state:

1 sin (Ga + 62) sin (9“ - 62)

= + , 63
L sin20?|  NZ! ze (63)

a
1 2

and for an excited state —
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K% K (9 K (g)
§ s 5
K"(p) u,d K* ’(P) u,d K* ’(P*"I) fl,d
u,d u,d u,d
n(p-q) plp-q) nip)
(a) (b) ©)

Fig.1. The one-loop diagrams set for the decays of K *

K(g) K (9
TS )
¢'(p+q) ud Np+q) ( ud
! Kp) ) K*(p)
(a) (b)

Fig.2. The one-loop diagrams set for the decays of ¢’

_1 | sin@,+6% cos®, -6

= — , (64)
fu cos 292 -\’Z(ll ;’Zg fa_ o

Ga and 92 are the angles defined in Sec.3 (see Eqgs.(38) and (39)) and fa is one of the form
factors defined in Sec.3 (Eq.(16)). In the case of vector meson vertices, we have the same
linear combinations except that Z :‘ are to be replaced by W:.‘ (46), and the related angles

and form factor parameters must be chosen.
Now we can calculate the decay widths of the excited mesons. Let us start with the
process K — K *n. The corresponding amplitude, T~

Sk has the form

T ke =8k" 5 KnEuvop P ALY CIRYN (63)

where p and ¢ are the momenta of the K™ and K * mesons, respectively, and g+, | o+ is

the (dimensional) coupling constant, which follows frbm the combination of one-loop
integrals 8
m

R S YR 1 of o
8k k'™ 2 2 [I 2 KKTa(m,) = Iy K5k (m,, '"s)]' (66)
8

u
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Note that in (66) the integrals | );f are defined in the same way as in Sec.3, Eq.(28), except
that the form factors f in (28) are replaced by the expressions of type (63) and (64).
Eu(p | A) and E,v(q | A’) are polarized vector wave functions (A, X’ = 1,2, 3).

Using (63) and (64) we expand the above expression and rewrite it in terms of Iéf

defined in (28). The result is too lengthy, so we omit it here. For the parameters given in

Sec.5 we find
8k L K'n™ 3.6 GeV~! (67)
and the decay width

T.. gK ->K1t|

3.
K" > Kn= " an =70 Mev. (68)

Here fpl is the 3-momentum of a produced particle in the rest frame of the decaying
meson. The lower limit for this value, coming from experiment, is ~91+£9 MeV [10].

Similar calculation is to be performed for the rest of the K * decay modes under
consideration. The coupling constant g+, _, Kp derived in the same way as in (66), with the

only difference that ?n and ;’K' are to be replaced by ;"p and ?K. The corresponding amplitude,
T, Ko takes the form

T kp = 8K" = KpSpvap pq Bg Yo I )\)gv(P —-q I x), (69)

where p and ¢ are the momenta of K * and K mesons, respectively, and

8m =, == P T

£ k=3 (Ifz eo(m ) =14 Ielotm ms)). (70)
mu - mS

The corresponding decay width follows from (69) and (70) via integration of the squared

module of the decay amplitude over the phase space of the final state

8
K'>K 3
Ter ko= g2 Ipl. an

For the parameters given in Sec. 5 one has

8k s kp= 3.2Gev7), (72)

Ty, xp= 23 MeV. (73)

From experiment, the upper limit for this process is ' 2% _, kp<16% 1.5 MeV.

The process K™ — Kr is described by the amplitude

ig
. 2 -0+ a0, (74)

where p and g are the momenta of Kn and K, and Eﬂ is the K * wave function. The coupling

constant g,», . is obtained by calculating the one-loop integral
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8y k= 415 K Iklm ,m ) =2.3 (75)
and the decay width is ) l 3
Kok P eV, 76)
K’'—>Krn 8t M 3(" :

The experimental value is 15+ 5 MeV [10].
The mesons with hidden strangeness (@") are treated in the same way as K. We
consider the two decay modes: ¢° — KK * and ¢ - KK. Their amplitudes are

Ty s kK" =8¢ = kK" Epvop P 4 Pe ko + g MEY (RN (17
Ty %k =8y 5k P DE 0 +qlN). (78)

Here and & are the wave functions of the ¢ and K * mesons, p and g are the momenta
n 1Y ' P q

of the K and K * mesons. The related coupling constants are

8m -, = = -~ - ;
= u_(1F fof, ARAY] ‘
g(p’-—)KK'_mz_mz (12‘9 k'k(m) =1 o’k K(mu, ms)), (79
k) u ’ _
8¢ >KK= an (my). (80)

Thus, the decay widths are estimated as

r

o k" =91 MeV, @D

Ty g =11MeV. (82)

Unfortunately, there are no reliable data from experimént on the partial decay widths for
¢ — KK " and ¢/ - KK except the total width of ¢’ which is estimated as 150 + 50 MeV

[10]. However, the dominance of the process ¢' — KK “is observed, which is in agreement
with our result.

7. The decays K’ > K"n, K’ > Kp, K’ — Knn

Fo'llowing the scheme outlined in the previous section, we first estimate the
K’>K'nand K’ > Kp decay widths (Fig.3). Their amplitudes are.

TK'—>K'n=igK’—»K‘n(P*‘I)ugu(P"qM)’ : (83)
Tyr ko =18k gp® + M5 (P -1, (84)

here p is the momentum of K’, ¢ is the momentum of & (K), and is the vector meson
4 q M

wave function. The coupling constants are
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K*(p-9 K (g
§ s,
K @) wd K0 wd
ud ud
n(q) pip-q9)
(a) ®)

Fig.3. The one-loop diagrams set for the decays of K’

8y g =ML K Sxm  m), (85)
8k —s kp = 4 KKom , m), (86)
By calculating the integrals in the above formulae we have 8k’ S Kk'n=" 1.3 and
8k kp= —~1.18. The decay widths thereby are

Ty L kn=90MeV, (87)
I‘K,_)Kp=51 MeV. (88)

These processes have been seen in experiment and the decay widths are [10]
I“;(",p K'n ~ 109 MeV, (89)

exp

| RN Kp ™ 34 MeV. (90)

The remaining decay K’— Knm into three particles requires more complicated
calculations. In this case, one must consider a box diagram Fig.4. (a) and two types of

diagrams Fig.4.(b,c) with intermediate ¢ and K; resonances. The diagrams for resonant

n(k,)

k,

x( ) . K(q)

K

K'(p) ®(k,) ,
x(p)< xk) K@) n(k,)
K@ x(k,)
K@
(@) () ©)

Fig.4. The one-loop diagrams set for the decays of K’ — K2n
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channels are approximated with the use of the relativistic Breit-Wigner function. The
integration over the kinematically relevant range in the phase space for final states gives

T, g~ | MeV. o1

8. Summary and Conclusions

In the standard NJL model for the description of intéraction of mesons, it is
conventional to use the one-loop quark approximation, where the external momentum de-
pendence in quark loops is neglected. This allows one to obtain, in this approximation, the
chiral symmetric phenomenological Lagrangian [4,5,6,7,8], which gives a good description
of the low-energy meson physics in the energy range of an order of 1 .GeV [11]. In this
paper, we have used a similar method for the description of interaction of the excited
mesons. In so far as the masses of the excited mesons noticeably exceed 1 GeV, we pretend
only to a qualitative description rather than quantitative agreement with the experiment. For
the light excited mesons, we have got the results closer to the experiment {3], while for
heavier strange mesons we are only in qualitative agreement with experimental data. One
should note that the description of all the decays has been obtained without introducing new
parameters, besides those used for the description of the mass spectrum.

In this work, we have shown that the dominant decays of the excited vector mesons

K"’ and ¢’ are the decays K’ — K "1t (pK) and ¢ — KK, which go through the triangle
quark loops of the anomaly type. These results are in qualitative agreement with experi-

mental data [10]. The decays of the type K ¥’ — K7 and ¢ - KK, going through the other
(not anomaly type) quark diagrams, have smaller decay widths, which is also in agreement
with experiment.

On the other hand, the main decays of the K ‘meson K’ —K *=m, K’ > Kp and
K’ — Knn are described by the quark diagrams, which are similar to those for the decay

T — pr (see [3]). The dominant decays here are the decays K’ — K ' and K’ — Kp.
These results are also in qualitative agreement with the recent experimental data. So one
can see that our model satisfactorily describes not only the masses and weak decay
constants of the radially excited mesons [1, 2] but also their decay widths.

We would like to emphasize once more that we did not use any additional parameter
for description of the decays [3]. The model is too simple to pretend to a more exact
quantitative description of the meson decay widths.

A similar calculation has also been made in the.f‘aPl potential model [12]. Nonlocal

versions of chiral quark models for the description of excited meson states have been also
considered in various works (see, for instance [13,14]).

In our further work we are going to describe the masses and decay widths of the
excited states of 1 and 11" mesons.
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