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ABSTRACT : 

An approach to the K --:;.'lf;rrr and K -:,,?t'irt- decays in the 
standard model based on the large N expansion is presented. 
The Dalitz plot for K...:t 1r if'ir is very well reproduced and CP 
rlolating parameter is found . The inner bremsstrahlung and 
direct emission parts of the amplitudes for K _.,..,;yf)-/* are de.:. 
termined. 

l .  INTRODUCTION 

At large distances the QCD coupling constant is large and 
the standard perturbative expansion can not be applied . In 
19?4 ' tHoo!t has shown that QCD simplifies considerably when 
one assumes a large number of colors , N ,  instead of three1 1 2 ' �  
He suggested that 1/N expansion could be used to obtain appro� 

. ximate solutions in QCD . Namely , in the large N limit the QCD 
- theory of quarks and gluons , becomes equivalent to a theory
of weakly interacting mesons .

Their interactions can be described by the most general 
SU( 3) x SU( 3)  chiral Lagrangian . The large N limit strongly 
constraints chiral corrections and one keeps only single fla­
vor trace coupling so that the most general chiral Lagrangian 
becomes 4,s'.
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The last term in ( 1 . 1) summarizes the effects or anomalies in 
current algebra and it is known as Wess-Zumino tem5 . These 
terms are suppressed by 1/B , but they must be taken into ac- . 
count for the determination or the direct emission part or the 
amplitude in X: � ll'tr t decays . 

The effective weak Hamiltonian in the large B limit can be 
separated into the sum o! I • 1/2 and I .. 3/2 pieces (neglec� . .  
ting CP violating parts)4 : 

� = � 
0 

\ l a.� - a" ) + i t 2 Q,, + a:z.) t < 1. 2.)

where Q1 and Q2 are given by

A = (s;ol) ( Li, r.v) ; Q�= ( �.u,), A (a: ol)VAI\ l 1, 2>)
Cl64 't/,.. A 11-A v-

The explicit calculations or the next-to-leading order 
terms in the large JI show quite bood agreement or theoretical 
and experimental values of g

� 
and 1.V 1 , 2 , 3 . In our calculati­

ons we use g
0 

m 8.8  10-6 Gef and � a 1/22 . 

2 • K �«'1t'1r' DECAYS 

The Dalit2 plot !or the K --v7�is associated with the I m
1/2 and I a 3/ 2  weak operators6 : 
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A straightforward calculation of the direct and pole dia­
grams leads to the following results : 
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where we have used experimental values for the a.� and ei co­
efficients and fit for the scales A"'::::, 0 .93 GeV and,\_� 1 . 26 

GeV . The experimental results6 are in very good agreement with 
our results . 

The CP violation induced by K �'il'1r7r is defined by 4 : 
_ A l  k.� �1r t-,"t

<>
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In the isoapin symmetry limit , the inclusion of the next- : 
to-leading operators does not modify Li-Wolfenstein. relation? . 
This relation is mainly modified by 1}' 0

- 'l - l. ,  correction: 

£' = - 1. :, e } 
1- 0 -

where £ > is CP violating parameter in K � 'lflft 4.
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The K�1Y'1'11°J" and K';_�,7rt,-J' decays exhibit two separate·. par­
tial amplitudes : the inner bremsstrahlung and direct emission 
term. For the inner bremsstrahlung part or the amplitudes we 
determine : 
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The phase space integration over the experimentally allowed 

energy regions implies the following values tor the branching 
ratios : 
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The experimental values are taken !rom8 ,9 , lO . 
For the direct emission terms we obtain11 : 
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where Ois the mixing angle between , and '>i. mesons . 
For the branching ratios we calculate :  

� E  ( k. +---1> u' +  i}' O  .d') = ,f. O S . { 0 -s ( :. .5) 



where we have taken &l �-14° . The experimental values are 
rrom12 . 

4 . CONCLUSION

31 

The Dalitz plot !or K -�il'lrcalculated within the chiral
Lagrangian rramework supplemented by large N limit reproduce 
fairly well the experimental results . The branching ratios for 
it -1;>  'il'� � are also in agreement with experimental data. 
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