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ABSTRACT 

A. self-consistent calculationof pionic E and A decays has .been 

carried .out. in the pole approxmation of an S-matrix approach in order to 

get information.on (a) theangularinomentum.nwhich thedecay E - 

takes.place, (b) ; therelative (EA).parity,. (c) the.possible existence. of other 

tban.global symmetric solutions. . On the basis,of existing experimental data 

the model predictstbat .Etnt+  decay must occur.in the S-wave, and, somewhat 

lessdefiniteiy, that' (E)parity iseven. it is interesting. that even 

though: the model does not start . from the global-symmetry hypothesis,. it 

indicated . the globalsnmnetric solutions The to the most reasonable. 
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I]JTRODUCTION 

• Recently, Beall et aL have established that the helicities of 

the protons in the nonleptonic d 	
0

Lecays of E and.A are.opposite 

This result, while confirming an important prediction of the global 

symmetry hypothesis, contradicts the predictions,.of several other models 

of hyperon decay. In particular, it disagrees 'with the bound-pion,..inodel 

of Barshay and Schwartz, 2  in which theA decay is taken as the primary 

decay, and thus invalidates one of the arguments used by Nambu and 

Saknrai in favor of odd ZA parity 3  We have, therefore, considered a 

simple selfconsistent model inwhich boththese decays are treated as 

equally fundamental, with parameters to be determined by requirements 

of consistency. We have then tried to seek answers to the following 

questions 	(u) Are there solutions. otherthan the global-synñnetric one 

that fit the experimental data? (2) Does. odd Z.A parity fit the data 

better, or vice versa? () Can one predict which of the two decay.s- 

or E - nr - goes into swave 'and which into p-wave? With 

regard to the last question, it has been well known for some time, from 

the experimental data on the E triangle of Gell-Mann and Rosenfeld, 4315) 

that. one of these decays must go into swave and the other into p-wave, but 
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THE MODEL 

Ours, is: essentially 'an S-matrix, approach carriedi out in the 

pole' approximation which has :gien reasonable results' in. të theory of 

strong interactions :and...also been successful in the treatment of the Ti 

decay. The diagrams considered are shown in Fig. l The contributions of 

the black boxes to the matrix elements'are showninthe figure. Here 

are'coupling..constants; •aAabA, bE (as'also ' g) 

are to be fitted from ':experiment; 1°  and F takes the value : y or '1 

according 'as the. relative' E1 parityis' event or odd. Time-reversal, 

invariance implies that bA  and  b  are real. Then the matrix elements for 

E -  pt9, . 	and Z nit respectiely. 'are given by 

0=2 (B(g±g)+ i75 A:(gg)J .. 

= 	 B(g +2g) ; +.i75  { 	 (gt  

and 	 ' 

= 	A A + E E + iL2f7 (AA g A + A'g)J 	'. 

Here 'we 'define 

BZ =(aE bE )/(rnE + m) 'and Ar = a ' mmN) ,  

= A bA/ (mA.+ ri) and AA =aA/(mA m) 

for F = 75  and 

BA = i aA/(mA. - m) and AA = iaA -AA • 

for ' F = 1. . Also, we. have 
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MA 	
jT 	 i75(Ag 	A)J 

for ,  F = 75  and 

PdA - 	I JA 	Az )- i75(Bg_B g)J 

for F :i: Introducing the conditions that the asnrimetries in 	nt and 

E-* n( are zero, and that the s/p iratios in 	p °  and A-( decays 

have values x0  and XA , respectively, we can eliminate the AA,  A ,  BA,. and 

Bz 'and get a relation between the various strong-coupling constants 

Another relation between the coupling constants is given by•theratio 

IMl / 1M01, which is lmown from the measured life-times of Z and A+. 

We nowhavefourcasesto consider: P = lor 7 5 ; 
and pure swave or pure 

p-wave in E - nt: 	The corresponding relations between the coupling constants 

are given below: 
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[ Case I. 	F = 	nTr s-wave 

.2 
-9 ) ( 	+g g) 	- XA A 

2 	 •2 	x 
+ 	) (g +gg - 	 0 E 

+ 	 - + 	1+x02 

- -IMI 	i+xA 

2 	1/2 

2 
xo  

Lase  II. 	F = y; En 	wave 

	

(- g11 ) (g 2 - 	 2) 	= xA '1A 

2 
(gE 	- 	 ° '.E 

2 	 . 	 2 	2 	1/2 
- 	- + MA 	 O 

- 	 + 2 	2 
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[fcaseIII. 	p.=o+fl+ swav 

(.-' + 	 1 

(g+ 	2g2) = X A Z A 

2! 	 2 	1/2 
+ 	 .+ 	MA 	•+xo 

+ g) = 	
l+XA 

[ase IV 	= 1, 

;E 	
)(.2 	 - 	1 

(g+)(g—gfd 
	

- . XO.XA EA 

.2 
g 	 • 	 1+x02 L 

 1/2 

= - 	. 	XA 
E-(1+XA2 ) 
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Here 4A  and L...kinematical factors:for A and Edecays, respectively--

are given by 

0.073 

and 

0.10, 

where qAand 	are the momenta, and EA  and E,  the energies of the 

proton in the decays at rest of 'A and E, respectively. When the 

I TI = 1/2 rule is assumed in the analysis of experimental data, x 0  is 

known to be7  very nearly -1, while x has a greater uncertainty attached 

to it. For further discussion, we shall take x 0  = - XA = l, and 

IMAI/IMOI = 1 which values'are consistent with the experimental data. 

To simplify the calculations, we will also take LA/PZ = 1/2 (instead 

of the actual value of'---0.73). We then get.the following solutions for 

the coupling 'constants. 
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Case I. F= 7 	
+ 	

s-wave 

2 V  

2 2 ii. 2 
= 

Case iL F=y5, 
+ 	+ 

E 	mr 	p-wave 

2 2 
.2 9z 9N -  = 	- 

± 	.+ 
Case IlL F = 1, 	E - mr 	s-wave 

a. 
.2. 	2 

3 a.  
-. 

± 	. Case IV. 	F = 1., E - nit 	+ pwave 

. 	0.02 

9 2  1O0g 2 	0. 
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DISCUSSION 

In the absence of definite knowledge of any of the strong strange-

particle coupling constants, it is impossible to make a clear choice 

between:.athe four cases considered. It appears, however, to bea reasonabl 

demand that gA  and g 	 be comparable witheach other and be roughly of 

the same order as the 'tN coupling.constant 	. In that case our 

results above may beregarded as an indication that the decay E- nrt 

takes place in the s-wave. If it took place in the p-wave, one would 

have g 2  25g2  for the case of even E-A parity, and gA2100 	0.01g2 

for the case of odd Z-A parity. The question of relative E-A parity is 

more.difficult to decide. But if 9Aand 9.are to be g
N

we 

are left with 'r = 77  i.e. even Z-A parity. It may be noticed that 

this:is just the global-symmetry case ( 2  = 	, and it is interesting 

that our model, which starts off on quite different premises, ends up 

by excluding almost every. otherpossibility except global symmetry, 

particularly if one assumes that E A parity is even. 12 

Once we have thus chosen, the '5 the parameters' aA,  a ,  bA, and  bE 

are cipletelydeterminedin this self-consistent model. Wewill not, 

however, give expressions for them since we have no way of deciding what 

should be the reasonable values forthem until we have analyzed the weak 

boxes further. When that is done, we hope 'we can make more definite 

statements ' about all these questions' and about the relative E-A parity in 

particular. It may also be remarked that in the above calculation, only the 

relative sign of x0  and xA  has been used, and not the 'absolute sign of 

either. The latteraffects onlythe signs of a's and b's. 

We would like to remark upon the relation of our model to the similar 

models of Feldman etal 3, and of Wolfenstein. 	Feldmanet al, take 
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K polesalso into account, in.the'spi±itof a..completely'dispersion theoretical 

approach, where:: no particles are to he regarded •as more  fundamental than 

others. In doing so,. however, they -introduce two'. additional paameters-

(g.f), (gf).,where 
K 
 isthestrength oftheKtvertex--into a 

problem inhich .here are a]readya large number:ofparaineters, It.is 

then impossible tomke a definite statement on any of the questions to. 

which we have sought answers. in fact,,. it is impossible even to.predict. 

the relative,heiicity of the protons in.the Z and.Adecays,which 

depends.on.the sign. (g/g) inthe:caseconidered bythem in detail.. 

In ;our,;'model, . on the other hand, the same.:helicity for the ]roton :5 aJnost 

definitely ruled.. out if the relative. E-A parity is 'even, . since a.fit 

+ 	 .+-' 
requires'. 1 

97, 
 =2g,': gA 	2g 	 for 'E- nt 	going in s-wave 2  and 

2+ 	.2 	.2 	 .2 	'+ 	,.+ = (8,5 	2..9):g. ,. g 	.= .(g, -- 2gw ) ,.. for 'Z-nit going 'in.p-wave, 

The choice is more, difficult in the .case of...odd.. ZA parity, since the 

values of ,  the coupling.. coiistants ;turfl out to be practically,the sne 'as 

those which giverise. to. opposite proton helicities in the two decays. 

Wblfenstein, 3  s model assumes that K: decay is the more fundamental 

decay 'and that .E and A' decays' are secondary. He 'therefore neglects. baryon 

poles completely, but has to include. two-particle intermediate 'states. 

Hismodel, like tbat.of Feldman'et al,, also has(KYN)'vertices, .and'.his 

prediction regarding the 'angular-momentum - states; involved' in 	decays 

into a neutron .dependson the (KYr) and (EA)'particles;assuined, Further, 

'+ 	.+ 
while:an our model the fact that E - nt goes. into s-wave and E - mr into 

p-wave is due to a dynamical concellation between.various diagrams, inthe 

model of Wolfenstein, the e goesinto s-wave onlybecause'a certain parity 

isassumed for the Kmeson'and for(EA), so that.only.a.ingle.diagram (K-pole 

diagram); contributes to it.15  
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A. word about:-ouromission of other - diagrams which would be -included. 

in a ..  complete -S-matrix- approach. The lowest mass two-particle diagram 

has -a pion and a- nucleon in the - intermediate state. Because the J- = 1/2tN 

interaction-is -known to be small -at-the relevant -energies, the-contribution 

of this diagram may, be expected to be small. The 	intermediate-state 

-diagrams would be expected tomake 1 an: even smaller contribution. As for -

the K-pole diagrams, it has - oftên -been conjectured- th4t the K- coupling s-:are 

weak:compared- to the it. couplings,- and tha..fact that -we -are - able to. fit 

experimental data - without the inclusion - of - these diagrams -may be regarded 

as - an- a posteriori indicatiOn- that - KI. couplings are - indeed--- small. 
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FIGURE LEGD 

Fig. 1. Diagrams for E and A decays via baryon poles. 
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