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ABSTRACT 

Assuming a current x current Hamiltonian and 

PCAC, it is shown that a strict pole approximati.on leads 

to predictions for the ratios of p-wave hyperon decays 

which are compatible with experiment. 
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. 

Recently Sugawara’ and Suzuki2 have shown t,hat as far as s-wave amplitudes 

are concerned, the universal current-current picture of weak interactions can be 

extended successfully to nonleptonic hyperon decays. 

It is the purpose of the present note to show that, in a strict pole approximation, 

a very reasonable agreement with the present experimental situation can also be 

achieved for the relative ratios of the p-wave clecay amplitudes. We emphasize 

the fact that most of our results are derived without a priori octet dominance. 

Our assumptions will be the following: 

(a) The nonleptonic part of the weak Hamiltonian is of the current-current 

form (universality of weak interactions) 

N.L. = G 1 
HW F 

z J; (J;) + + (J;) + J; 1 (1) 

J; is the usual Cabibbo current3, i.e., 

JC = cos 0 
( 

.1 -t ij 2 1 ..2 
+ j5p + 

> ( 
-t sin6 .4 -I- ij: + j$ 5 

I-1 JP I-1 13~~ JP al-1 + ij5p 
> 

(2) 

the superscript is an unitary spin inclex and j1 and j1 
/J 51.1 

are respectively the 

vector and axial vector current; 

(b) The axial vector current is partially conserved4 (PCAC) 

a ji P 51-1 
= (-$ (i = 1, 2, 3) 

with o1 the pion field and’ 
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(c) CP invarkance; 

(d) The ratios of the physical p-wave amplitudes are correctly given by the 

ratios of the most singular contributions to each amplitude. 6 

(2ko)l’2 

The nonleptonic decay amplitude may be written as7 

I 
B > = -i 

J 
d4 X ewacx (a- p2 ) < Bf 

71 

7 

I B>B (-x0) 

(4) 

d a zero With the help of assumption (b) it is then easy to show’ that, in the limit o 

four-momentum pion, this amplitude becomes: 

-I < B’ 1 F;(o) 1 Q><Q 1 HW (0) [ B> - <B’ IHW(o)I B><$[F:(o) 1 B> 

E =E Q B’ 
EE=E B 

i 
(5) 

here 
i 

F5 (0) = 
J 

d 
3 

X J5c .i (Z, 0) . 

With CP invariance, it can then be shown2 that the first term of the r. h. s. 

of Eq. (5) only contributes to s-waves. 

According to the soft pion emission theory developecl by Nambu and Schrauner’ 

the last two terms of Eq. (5) correspond to pole diagrams and they o-nly contribute 

to p-wave dacays. 7 

The intermediate states 1.Q > should have the same mass as the ixitial or final 

- particle but since we take the limit of a zero pion mass, this requirement is some- 

what ambiguous . 
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The approxjmation which was used in previous attempts 799 for describing 

p-wave decays sva.s the exact SU(3)-limit. This is not quite consistent: indeed, 

j.f one neglects the C- A mass difference it is completely unjustified, in the 

limit p,-+0, to neglect the contributions pf, for example, the so-called meson 

poles. 10 

In this letter we examine what happens when mass differences are seriously 11 

taken into account (mN f mA f m 
c 

gm$. From Eq. (5) the meaning of our model 

is evident: only the most singular contributions to each amplitude are retained. 

In this limit, we cannot calculate the magnitude of tne amplitudes since we have 

neglected too many contributions but, if assumption (d) is correct we may still 

predict the ratios of the various amplitudes. 

In our model, the p-wave amplitudes are thus given by 

1 F;(o)/ &] 
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As usual superscripts refer to the charge of the decaying particle and 

subscripts to the charge of the emitted pion. 

We define reduced matrix elements by 

<B’ 
I I 
Fkjoj B>= alf-b b1 d 

<Bf I I HvG(o) E>= a A27-tbA8s+~A8a 

f and d are the usual ; mtisymmetric and symmetric parts of the 5 R Iv1 vertex 

It iS easy, theii, to obtain: 

J- -=o 2 A; + A0 (6) 

. .Jz 4 - z: = 0 

Eys. (6) - (8) coincide, vith the predictions of the AI = $ rule. We stress 

the fact that they have N heen o’btained without the assumption of octet dominance. 

For t’ne Cf s ive Obt3iil 

(7) 
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Thus the C triangle should not close. However the contributions of the, 

z- Co ?r- and ,E+ 2’ 7i” vertices are of pure f type and thus much smaller than 

those 01 the d part of the 5 B M vertex. 

Therefore we predict a very small p-wave amplitude for ZI which seems to 

be confirmed experimentally 12 and an almost ciosed triangle (it is closed for the 

d part of the vertex). 

Similarly, instead of the Lee-Sugawara triangle, 13 we obtain 

(A is a number ;Liid u a linear combination of the reduced matrix kiements of the 

Hamiltonian). 

Thus, again, we expect the deviations from a closed triangle to be small since 

explicit calculations 14 *27 for s-waves have sho-iil the rati. - 
A8s 

is of the order of 

‘5-lOY* (octet 1 c,ominaaoe is a cljrllamicai effectj and Jotist as for the C’s, the f 

part of the B B M vertex is small. 

We insist on the fact that relations (6) and (7) have definitely been confirmed 

by experiment while the p-wa ve triangles are in a much more ambiguous state. 12,15 

Finally it is int.eresting to speculate about the values of d and f in this 

strict pole approximation. Since our model takes mass differences seriously 

into account, we have to estimate the B B M vertex for a zero pion mass. In 

this limit, the axial vector current is not to be renormalized and thus d + f = 1. 

On the other hand it has been suggested 16 that in this limit, the 5 B M vertex 

might be of pure d type. Therefore a crude estimate woluld be l7 d-l, f-0 
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with these values, we predict 

which are roughly verified experimentally, 

We insist once more on the fact that except for the Lee-Sugawara triangle 

our results have been derived without octet dominance. With this additional 

assumption bui1.t in, we get in our model, the following relation 

p -2 g +fic++ A-- 
0 

d- 6 

which is also very well verified experimentally. 15 
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