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DESCRIPTION OF © 37, ¢»3n, nonny ANDK »n'ry
DECAYS WITHIN THE NAMBU — JONA — LASINIO MODEL

M.K.Volkov, A A.Osipov

The decays w-3m, ¢ 37, n+ 7'r™y and Ky~ 7tny via the
quark loops of anomalous type are described within the Nambu —
Jona — Lasinio model. The importance of nondiagonal 7—a ytransitions
at legs of box quark diagrams and role of form factors of intermediate p-
mesons in pole-type diagrams are shown. ’

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

Onmuicanue pacnanoB w +3n, ¢+87, > rin-y u K LTy
B monenu Ham6y — HMoua — Jlacumno

M.K.Bonkos, A.A.Ocunos

B xBapkoBoi Moztenn HamBy — Mona — JIacHHMO OMHMCaHBI pacmiaibl
®3m B8, na 7wy, K;-» 7 7y, WIyllMe Yepes KBapKOBBbIe
nermu aHomampHoro rtuna. IloxasaHa Baxmas poib, KOTOPYI HrpaloT
He[lHar oHanbHble IEpeXoMbl BHAA 7a, Ha BHEUIHMX KOHIAX B YeTbIpex-
YTO/IBHBIX KBapKOBBIX AuarpaMMax H ¢opmMdakTophl MpoMexyTou-
HBIX 'p-ME30HOB B AHATPAMMAaX IIOJIIOCHOTO THIIA.

PaGorta Bhmonmena B JIaGopatopuu Teopetmdeckoit puznku OUAH.

1. Introduction

The processes w — 37, ¢ — 37, n— a*r "y and Kr — 7+tx~y have long
been studied from different points of view both in theoretical and experimental
particle physics. Recently, however, noticeable changes have appeared in the
experimental data on w — 3 and n — 7+ 7~ decays (the width of the former
decreased by 20% and that of the latter increased by 40%) [1]. Taking into ac-
count the new data, we intend to give a consistent description of the above pro-
cesses within our quark model of the superconductivity type (QMST) [2]. This
is a version of the well-known Nambu-Jona-Lasinio quark model [3]. All the
main noticeable effects on the final results will be taken into account. Briefly,
they are as follows:

1. Each process is described by anomalous quark diagrams of two types: an
anomalous box quark diagram and a pole diagram with the intermediate
p-meson that links the anomalous triangular diagram with the prr vertex

(Fig.1).
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Fig.1

2. In the box diagrams nondiagonal 7-a; transitions of (pion—axial-vector
meson) on legs will be taken into account (Fig.lb,c). It greatly (four
times) reduces their contribution to the amplitude.

3. In the pole diagrams form factors of p-mesons should be taken into ac-
count. It is especially important for the n — #*7x~y and K; — ntn—+
processes, where the p-meson is far from its mass shell.

4. The p-meson width is of importance only in the w — 37 and ¢ — 3
decays. Calculating the Ky — 7#tn~ v decay, we shall use the matrix
elements of the < K L|£§$f |m, 5,7 > transitions obtained in our previous
papers [4, 5].

2. The w ~ 37 and ¢ - 83n Decays

In our model the w — 37 decay amplitude is determined by a set of contact
diagrams with anomalous quark boxes (Fig.la) and by pole diagrams with
intermediate p-mesons (Fig.1d) linking two triangular quark loops, one of which
is also anomalous (pw). Thus, two of three vertices involved in these diagrams
are described by the effective Wess-Zumino Lagrangian [6] !:

iNeg b
L5 35= ~ gt Oy D Oy, (1)
L:A _ Ncgl2’ praf a _a 9
wpr — _327"2f1r € Wuupaﬁﬂ' ’ ( )

}The Wess—Zumino Lagrangian is automatically obtained from the QMST in consideration
of anomalous quark loops (see [7]).
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where g, is the p — 77 decay constant (a, = g2/47 = 3), N. = 3 is the number
of colours, fr = 93 MeV is the pion decay constant, and V,, = d,V, — 4,V,.
The prm vertex is described by the Lagrangian

Lopxr = g,,eabcpf‘wba"wc. (3)

Then, for the w — 37 decay amplitude we obtain

Ty = 37 = 5waﬁfﬁpgpgpi*4(w — 3m), (4)
where
N.g 1
A — 3 — cIp 1 2 22 .
(UJ 7I’) 47r2f,? + .qpfr Z m;_: — (p — pi)z n im,,I‘,, (5)

i=+,0,~

Here the p-meson decay width I') = 150 MeV is introduced; po, p-, p4 are
the pion momenta, p is the w-meson momentum.

For the w — 37 decay width we obtain the expression
m,, - - oo
P — 37) = 725 [ (02520 - (Fad-) |Aw — 3PdE4dE-. (6)

The new experimental value of the w — 3n decay width is [1]

F;’L 3 = (749 £ 0.09 £ 0.05) MeV. )
The theoretical value calculated with amplitude (5) is much larger than (7):
wair, 3r = 15 MeV. This is because two more important effects are not
taken into account in (5).

First of all, these are m—a;transitions® at the legs of the box diagrams [2]
(Fig.1b,c). After removing the nondiagonal terms at the legs of the box dia-
grams we get an additional factor in the contribution from the contact term [2,

8:
A:1—3(1—Z“)+—Z—(1—Z‘1)250.25, (8)

where Z7! = 1[1 + /1= (2¢,fx/Ma, )?], ma, = 1260 MeV is the mass of
the axial-vector meson a; [1]. This factor makes the contribution of contact
diagrams four times smaller. As a result, we obtain the value 9.7 MeV for the
width T'(w — 3), which is closer to the experimental one.

Allowance for m—a; transitions in pole diagrams (Fig.1d) does not result
in any changes since they do not affect the anomalous wpm vertices (see [10]),
while the p — 77 vertex (Lagrangian (3)) already includes them (see [2]).

?Like previous phenomenological chiral Lagrangians [9], the QMST contains nondiagonal
terms of the form ¢d}'8,#. To remove them, one should go over to physical axial-vector fields
ot i hand -1 - el . . . »

@y = (afyphus — %—3,;#. Then additional diagrams shown in Fig.1b,c appear in the

w — 37 decay.
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The last effect to be allowed for in derivation of the A(w — 37) amplitude is
the p-meson form factor, which appears when the p — 77 vertex deviates from
the p-meson mass shell. In the w — 37 decay it is of little importance, since
the p-meson is close to its mass shell here. Yet, it is important in description
of the n — 7*7~+ and Kp — nt 7~ decays.

In ref. [2, 11, 12, 13] a p-meson form factor was proposed in the following
form on the pion mass shell:

2 2 9
¢ —m 2

Fpen(g?) = (1+ ) =1 (Br2f2=mi).  (9)
P

872 f2

This form factor is equal to one on the p-meson mass shell and tends to zero
as ¢ at g2 — 0. The coefficient of 2 is obtained by expanding the quark loop
in terms of g2 at small ¢2. This behaviour of the form factor at small q? allows
a correct estimation of the pion electromagnetic radius [13]. It also follows
from the nonlocal version of the Nambu-Jona-Lasinio model [14]. Since the
behaviour of the form factor in the region of ¢? close to mﬁ is less studied, the
weak effect of the form factor on the w — 37 decay allows a conclusion that in
this energy region the form factor is close to one. Then, to match the behaviour
of F,zx at small and large energies, one can introduce the switch function
6(a — ¢*) in (9). For the optimal description of w — 37 and n—atry

processes one should choose a = (0.6m,)?. Then form factor (9) takes the form

2

Forr(g?) =1+ <# - 1) 6 {(0.6m,)? — ¢%] . (10)
P

Function (10) can be replaced by a smoother function without any significant

changes in the results.
Now the amplitude A(w — 37) looks like

39, 2 £2 Fonnl[(p — pi)?]
Alw — 31)=— A+ gsf: - (11
( ) 4r2f3 9p s:%,— m2 — (p — pi)® + im,T, (11)

As a result, we obtain the decay width value that agrees with the experiment:
INw— 37)=7.1 MeV.

As 1s well known the ¢ — 37 decay takes place because of w-¢ mixing:
w = WP’ cosa + ¢PMV? sin a, where a & 3° is the w-¢ mixing angle. After the
numerical integration in (6) (where we introduce sina and replace m,, by mg)
we obtain the following result for I'(¢ — 37):

F(¢_> 37l’) - I-scont+l-\t'nt+rp—pol
(0.0026 + 0.051 + 0.60 2 0.65) MeV. (12)

Here I'*°"*, ['n? and I'*=P% are the contributions of the contact term, interfer-
ence term and p-pole term respectively. The influence of the form factor Fjyy
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onI'(¢ — 37) is small here. We have I'(¢ — 37) = 0.68 MeV when Forx = 1.
The experimental value [1]
Tif(¢— 37) = T(¢— 7p) + (¢ — 3m)
= (0.57+0.03) MeV + (0.084 % 0.0583) MeV  (13)

1s obtained from the incoherent addition of the widths into wp and 37. We see
that the last term of this formula is mainly due to the interference term.

3. The n - a*n"y Decay

The n — 7*x~v decay amplitude will be described by diagrams similar to
those shown in Fig.1, but instead of the w-meson there is the p%-meson with
its transition to the photon, and the neutron pion is replaced by the 7-meson.
These manipulations yield the following expression for the 7 — 7t 7~y decay
amplitude:

Ty wtn=ry = EuvapehpZpl pEA(n — ¥ 1™ 7), (14)

where

st y 2
Al — 1+a=7) = esin @ {A 393f3Fpﬂ[(P—- +p4)?] } ' (15)

4n2f3 m2 — (p- +p4 )% +im,T,

Here e is the electric charge, 8/ = 8y — 0, 0 is the ideal mixing angle (6 =
35.3°), and § = —18°. As a result, the 5 — ntx~ 7y decay width is obtained to
be .

m2 —4m2 3
5,2 -—""."T: 2 _ 4m?2 2
I'(p—rtr=y) = m,—mg/ ’ I e M
3(47r) 0 2m1’mr

1
-3
(2%:7— - z) |[A(n — xt7~7)]> = 58.5 eV (16)
The experimental value is [1] I‘:;”_) I (58.07+5.86+ 1.78) eV. Agree-

ment is very good because, having in mind mainly this process where the form
factor Fyzr is of importance, we chose the switch parameter a = (0.6m,)? (see

(10)).

4, The K; - n*n"y Decay

The Kp — 7t 7~ decay is described by the pole diagrams shown in Fig.2. At
first there is a transition of K1 to 7%, 7, 7/ via weak interaction described by
the effective Lagrangian La{f . Then these mesons decay into #+x~ through
the above mode.
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The effective Lagrangian L;‘{! has the form [4, 5, 15, 16]

e G
il = T;SICIC3QA.;:17 (17)

where Qas=1 = Q@ = Q1 — 1.6Q2 + 0.033Q3 — 0.018Qs + 0.1Qs, %slclca =
1.77-1075 GeV ~2, s; = sin¢;, ¢; = cos @; are the elements of the Kobayashi-

Maskawa matrix [17] and Q; are the four-quark operators. As an example, we
show here the most important “penguin”-type operator Qg

Qs =57 (1= 5)ds] D [@m (1 +75)a].

g=u,d,s

Here a,b = 1,2,3 are the colour indices. Other operators can be found in
ref. [4, 16]. Lagrangian (17) satisfies the selection rules |AS| = 1, |AIl =
1/2, 3/2.

Matrix elements of the < K.|Q|7°, 5, 5’ > transition are calculated in the
two-loop approximation (see Fig.2) [4]. The diverging quark loops are in the
low energy region, as in the QMST, and are cut off on the boundary of the
region where spontaneous breaking of chiral symmetry occurs (A =1.25 GeV).

. i
X

7’
s
(-
|

Fig.2
The constituent quark masses and the cut-off parameter correspond to the
QMST [2] (my = mg = 280 MeV, m, = 460 MeV). As aresult, we obtain the
following values for the matrix elements of the transitions K9 — 7% n, 9 at
the angle § = —18° (see details in ref. [4, 5]):

< 7°|QIK° >= 4.9X, < 7|Q|K°® >= 3X, < 7|QIK° >= -10.6X,

where X =< 7%|Q;|K°® >= 3.5-10~3 GeV*.
Then for the K — n* 7~y decay amplitude we obtain the expression

30212 Fyes (0 +p4)’) s
m) — (p- + p4)2 +im,T, |’

— ec .
A(KL—PW+7I' ‘y):W{A'F
where

<KrlQ=®> . <K > <K >
¢ = GFsicics ;thlz + sin H'J‘I“QIZ + cos @' 2LIQI’7; )
Mg — Mx Mg — My Mg — My,
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The Kp — ntn~y decay width is described by formula (16), where m,
is replaced by mg. Thus, at § = —18° we obtain [(K; — nt179) = 4.

10713 eV, while the experimental value is I'*Z? 4. =(56+041%
Kp - 7ntn—y

0.04) - 10713 eV [1]. Agreement within 30% is obtained. This agreement can
be considered quite satisfactory because it is difficult to calculate the coeffi-
cient ¢ with a good precision. Indeed, the matrix elements < K1 |Q|x°, n, o >
are calculated in a definite approximation with allowance for the mass differ-
ence of constituent quarks (u,d) and s, as pointed out above. Besides, the
contributions from 7, 7, and 7’ mesons to ¢ much compensate for each other:

;

7 M) (m ) 7
c=035-107"[-53+11.2-23=36]=1.3-10"7,

which considerably lowers the accuracy of calculations3.

5. Conclusion

A unified description of three similar processes with allowance for the most
important effects upon decay widths is attempted in the paper. Similarity of
the w — 37, ¢ — 37, - 7#tx~y and K1 — m+ 7~y processes is due to fact
that they all run through the anomalous quark loops (Fig.1). The investigations
showed that allowance for r-a; transitions in the contact diagrams noticeably
affects the final results, strongly reducing their contributions to the amplitudes.
The p-meson width does not produce a noticeable effect on the decay width,
especially for lighter 7 and K1 mesons. Yet, it is very important to take into
account the form factor of the p — mx vertex for these mesons, because here
the p-meson is far from its mass shell. In the w — 37 and ¢ — 3n decays the
form factor effect is less noticeable.

Finally, the authors express their gratitude to S.B.Gerasimov and
A.B. Govorkov for useful discussions.
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