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We analyse K-+ nnny decay in the framework of a chiral Lagrangian supplemen­
ted by the 1/ N expansion. This process is dominated by the inner bremsstrahlungemission. The basic process K -+ nnn is well described within the chiral Lagran­gian approach. It is necessary to introduce the higher-order interactions in order to obtain result close to the experimental one. In addition to the dominant part ofthe 8lllplitude we determine direct emission part. For the calculation of decaywidth we make the cut in photon energy and obtain result in agreement with theexperiment. 

The K+ -+ n+ n+ n-y decay has been considered well known for a long time0• We find it useful to reexaJlline this decay using a simple chiral Lagrangian approach.Namely, the truncated chiral Lagrangian approach to the low-energy processesbecame more applicable when the connection with large N limit was clarified2 • 3 • 4>.In the large N limit only single trace couplings in the strong chiral Lagrangianare kept: 
!t111 = 1; {Tr [8pUa"U+ +rM (U+ U+)- �i (M82 U + h. c.) +

+ non-derivative terms] + 1\ Tr (aµ u+aµua., u+a"U) - (1) 
.I. 1 
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where -1
2 

Tr (8" u+a .. uaµ u+a U)}
2 

U = exp C n), JI = � ),.n", f = 0.093 GeV.

Introducing the weak and electromagnetic interactions by standard gauge proce­
dure we obtain »bosonized« chiral quark current 

+ i/2 {�
2 

ca" UM - Ma" u+) -12 c ua u+a" ua" u+ - (2)
0 1 

- 8" Uav u+a, uu+) + l
2 

(U8" U+a
µ

U8v U+)}
2 2 1  

The dimensionful parameters A0, A 1 an d  A 2 are expected to be of the order of 
the chiral symmetry-breaking scale, i. e. 1 Ge V. 

The introduction of the SU(3) breaking term determines the physically obser­
ved f coupling constant as : 

( m; ) fn = f  1 + A� .

The weak decay constants are related by2• 3> :

+ 2 2 :!.!:. = 1 + mlC - mn
f A2 .n o 

In the large N limit the S = 1 weak Hamiltonian is simply given by

where Q2 is the four-quark operator 

Q2 = (su)v- A (ud)v- A·

The strong interactions induce the Q 1 operator :

(3)

(4)

(5)

(6) 

Q1 = (sd)v- A (uu)v- A• (7)
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The famous penguin operator becomes in the large N limit by the bosonization procedure proportional to Q 2 - Q 1 • The hadronic matrix elements of the Q 1 . 2 weak operators have to be evaluated in the large N approximation, since higher order (in the 1/N expansion) corrections associated with quark-gluon and light meson loops are effectivelly included in the measured g and ro. Their theoreticalvalues3• 4> are indeed close to the experimental ones (gex,, = 8.8 10- 6 GeV- 2 and
a,

UJI = 1/22). The K -+ nnny decays exhibit two parts of the amplitude : the internal brems­strahlung and the direct emission terms. Both parts of the 8lllplitude can be obtained replacing the derivatives in our basic strong Lagrangian by the covariant ones: 

The dominant process is the emission of low-frequency photons (internal brems­strahlung). The corresponding amplitude depends on the calculation of the K -+ -+ nnn decay5>. Using the already mentioned technique we find :  

(9) 

where in the center of Dalitz plot we calculate : 

For the direct emission terms, which can be determined as electromagnetic tran­sition of the following types: 

and 

where 
A:v = (K-1: j  �em jK+ n+ n-y) m2 -=_1 m2 (K+ j�"' j n+ ) (12) 

n K. 

.!'R•m = � e f� Ap Tr {+ [Q, 1131 a,JI - ! [Q, 1121 8,J12 + ! [Q, ll] 8,J13
} 

(13) 
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ADS (K+ + + _ ) _ 16 m! ( + ) 2 -+ n n n y - -3 eg 2 2 pi P2 . R.m:r - m"' 

(14a) 

(14b) 

The integration over the pions :mo:menta is performed in the pions center of mass 
systelll, while for the photon the rest system of kaon is :more suitable. After some­
what lengthy but straightforward calculation we determine the following expres­
sion for the K+ -+ n+ n+ n-y decay width: 

with 

574 

kmo:c 

r = (2,./ 4m" f {A! ( ! -,;J f, (k) +

+ AoA� JI ! - ,;/2 (k) - (A�2 
� f • (k)} dk (15) 

A�B = 1
3
6 g,

aJmo:c 

f, (k) = f dro {2q (ro) Q•
Q2

2m',, arth JI Q• Q2 4m! +
aJmln 

mma:c 

f (k) = f dco {2Q2 arth l/  Q2 
- 4m! arth q (w)

2 f Q2 E" - co 
ClJmln 

(16) 

-y Q• Q/m! [ q (ro) (mg ::)�E;k - ro) + (roE• - m;) arth 
q 

:) ] }  (17)

f 3 (k)= f dw q (ro) V Q2 (Q2 
- 4m!), (18) 

E" = V mx (mzc - 2k), 

q (w) = J/ro2 - m!, 
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It is well known that internal bremsstrahlung gives dominant part of the decay 
width. For the numerical calculation we use experimentally detenn.ined region of 
the photon energy according to the experimental results 6>. 

For branching ratio we obtain the value 

(19) 

that is somewhat below the experimental result6>. 
Our calculation shows that the applicability of the strong Lagrangian (I) can 

be extended to additional processes. In order to obtain better agreement with ex­
periment, it is necessary to include higher-order terms in the perturbative expan­
sion. 
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Analiziran je raspad K -+ nnny u okviru modela sa kiralnim Lagrangianom i 1/N 
razvojem. U procesu je dominantno tzv. unutramje zakocno zracenje. Osnovni 
proces K -+ nnn je dobro opisan u ovom modelu uz prisustvo clanova viseg reda. 
Pored dominantnog clana dobijen je clan koji odgovara direktnoj emisiji. Numericki 
proracuni Urine raspada izvdeni su u rasponu energija odredenih u eksperimentu i 
dobijeno je dobro slaganje. 
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