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NON-LEPTONIC DECAYS AND THE CHIRAL BAG MODELS 

DUBRAVKO HORVAT 

zavod za fiziku, Elektrotelmicki fala.lltet, University of Zagreb, Croatia, 
Yugoslavia 

··Nonleptonic hyperon decays have been analyzed using a chiral­
bag model .  The adopted theoretical formalism allows a compari­
son between the new and the old MIT-bag mode l. approach.Chiral­
bag model based theoretical predictions are not significantly
different from the MIT-bag mode l based results.

1. Introduction

This pape r  is based on a p articular scheme I 1 1 which · has 
used the MIT-bag mode l j 2 j . but here it will be replaced by the 
chiral-bag _quark model 1 3 , 4 J . 

In the particular approach I l l s-wave hyperon decay ampli­
tudes are approximated through a commutator te·rm. The usage of 
PCAC is an essential ingredient in the .calculation of the soft­
pion amplitudes ! S I 

(1 )  

The effective Hamiltonian H:ff has been obtained by calcula­
ting QCD radiative corrections to the standard e lectroweak 
Hamiltonian 1 6 1 . 

In the MIT-bag model 1 2 1  t�e axial-vector current is not 
conserved on thJ bag surface and the ch�ral synunetry is broken. 

The chiral symmetry can be restored by introducing an ele­
mentary meson f ie ld coupled to quarks I 3, 4 1 • As the chiral 

Ac = a  .. =<B "' IHeff lB>
BB w 



symmetry is spontaneously broken the PCAC condition can be in­
corporated into the MIT-bag mode l . 

The weak currents in the effective weak Hamiltonian now 
have a quark piece inside the bag and a meson piece outside 
the bag in accordance with two phase model of hadrons. 

The QCD-corrected effective weak Hamiltonian is of the 
form 1 6 1 : 

( 2 )  

Here Oi ' s  are f our quark local operators , made out of the
left  handed fie lds and ci are the QCD enhancement coeffici­
ents. 

Therefore one is dealing with a V-A combination of the 
vector-current V and the axial-vector current A • In the chi­
ral-bag model both A and V currents contain "mesonic" parts 
ou tside the bag boundary. Static approximation for the meson 
field means that each fie ld has a quark source inside the 
hadron, f or example 

(3 ) 

Here b+ (b) and d+ (d) are creation (annihilation) operators
for quarks (antiquarks) inside the hadron. 

The calculation of matrix e lements (1) , i . e .  

allows only parts transforming as V •V or A•A to contribute . 
The quark f lavours can be source·s of the meson fie lds for in-
stance 

/2 - lo � 0 u u -4 6 na + T n1 + 2 if 
(5 ) 
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This means that e ach axial-vector current has an addition of 
the derivative of the corresponding ne son fie ld : 

Here ,  for instance for (d s )  (u u) combination :

and 

< Bf l o{
1 > I Bi

>
M = · f cP1+P2+P

3
) - 0 (x-R) d3

x

where , for instance 

P1 = '6 <B I : Cf a �
K

g f a µ' na> : I B > 
6 f RO µ n8 i 

( 6 )  

( 7a) 

( 7b)  

By using a free-particle Klein-Gordon equation for the me son 
field ct, (r) outside the bag , one f inds 

Pi = aif
.e. 

f
m < Bf I : J .  r2dn , 1 ar ct,m : I B1> +

r=R 

+ aif
.e/mll; < Bf I �  f r2dr d fl ct, 1ct,m : j B1> 

( 8) 

and the contribution ( 7a) corresponds formally to the old MIT­
bag mode l based re sults I 1 1 . However the quark wave functions 
under integration ·must be the chir�l-bag model solutions . 

The overall structure of the sof t-pion amplitq.de is

a
B B = 12 GF sin ec cos ec 1: ci [<Bf 1 01 I B1

>w +
i f . q 

+< Bf l �1 I B1J AAq + <Bf l oi l B1 >�

( 9) 

Expre ssions for variou s amplitudes a can be ' g iven in
B1Bf 

terms of integrals over quark and me son wave function$.  Chiral-
bag quark wave functions depend on the actual hadron . H  which 

I ui I - If 3 • - -
<Bf o1 s1>AAq - <Bf d x .  (d(x)s(x))A(u{x)u(x))A: 



is built from the quarks in question. 
The current-algebra contribut:ion Ac I S I  to the s-w�v� hy­

peron nonleptonic decay amplitude is the be st illustration of 
the differences be tween chiral-bag and MIT-bag models .  

We have found two possible sets of model parameters to 
describe the chiral bag (confinement radii , ms ) .

In Table 1 we disp lay theoretical and experimental s-wave 
amplitudes which contain both current-algebra and separable 
contributions. 

The overall p icture is quite p leasing.  The agreement with 
experimenta1 · values is as good as in the calcu lation based on 

the simple .MI�-bag model j l j . _ �he relative signs of the hype ­
ron decay amplitudes are .always reproduced correctly, if one 
excludes A e t!> amp litude . �his particular result is in com­
plete agreement with the other chiral-bag mode l calculation j 7  f. 
Apart from A o;

+
) even the relative magnitude of the various

amplitudes are qualitatively correct. 

Jl.nplihlde 
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TABLE 1 

R Tot. 

R1 
= 4 . 5 8  Ac Separable 

R2 
= 5 . 65 Our Ref . f 1 1 

Rl 0 . 25 0 .03 0 . 2 8  

R2 0 . 14 0 . 03 0 . 17 0 . 21

Rl - 0 . 46 - 0 . 06 - 0 .5 2

R2 - 0 . 2 8 - 0 . 06 - 0 .3 4 -0 . 43

Rl - 0. 42 - o . os - 0. 47

R2 - 0 . 25 - o . os - 0 .30  - 0 .3 8

Rl _ 0 . 43 0 .02 0 . 45

R2 0 . 21 0 . 02 0 . 23 0. 49

Rl 3 • 10-3 0 3 • lo-3
0 

R2 j • 10-3 0 3 • 10-3

Hyperon no�leptonic de cay �plitude s 
Experimental value s are from Ref j 8 I 

Exp .

- 0:3 2

- 0 . 44

- 0 .3 2

0 . 41 

· 0 . 01
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