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"ABSTRACT

:Axself-consistent-caiculationzof pionic.-i and A decays has been
.carried out. in the pole approximation: of an S-matrix:appreach in: order to
get information.on (a) the ‘angular -mementum in ‘which the-décay -Z? »’nﬂ+
‘takes: place, (b)the relative (ZA) parity,. (c) fhe,possible existence of other
'thanrglObal symmetric selutions. - On:the basis,of'existing;experimentalidata
‘the.mOQel predicts<that.ff»fnﬁ+-decayﬁmust.occurrin the: S-wave, and, -somewhat
niess«definitely, that- (ZA) parity is:even. .It is,intereséingvthatleven
~though. the model does:not start. from the global-symmetry hypothesis, it

~indicates - the:global-symmetric selutions ‘be to the moest reasonable.
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INTRODUCTTON

vaecently; Beall et-al., have'estaﬁlished_that'the helicitieé-of~
the protons. in. the nonleptonic decays~of‘2? and.Ao 'are.opposiﬁeal
This result, while confirming an. important pfediction of the globain
-symmetry hypothesis, contradicts the predictions of several othér modeis ‘
' of hyperon decay. - In particular, it disagrees with the bound-pionﬂmodel
of Barshay and Schwartz;g in-which‘the A decay is taken as the primary.
‘decay, and thus invalidates one of the arguments used by Nambu and
Sakurai in favor of odd Z-A parit»y,3 We have, therefore, considered a
Asimplé self-consistent model in which both these 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: (1) Are there solutions: other than the gldbal-symmetfic one
that fit the experimental data?  (2) Does:odd Z-A parity fit the data
better, or vice versa? (3) Can one predict'which-of;the two decays-- ‘
2+:—> ni or 5 o ni” --goes into s-wave and which into p-wave? - With
regard to the last question, it has been well known for some time, from
.the experimental data en the. I ‘triangle of.GelleMénn and Rosenfeld,u’S}

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

:Ours;is:essentially'an‘S-mafrixvappréaéh-carried;out‘inuthe
:pole‘approximationtwhiéh.hastgiVEn-reasonable results\in,the theory of _'
strong interactions:and-aléo been-sﬁccessful.inzthe~tfeatment<of'the 8
'decay; The diagrams;considéred'are-shown:in-Fig.,l, The contributions: of
"the black boxes to the matrix elements are shown;intthe-figure.6,,Hére
gN,.gA,.gZ'-are‘couplingxconstants; »aA;'gzg bA’ bz‘(as~also 8pr gé)
“are.to be<fitted‘fremtexperimentglo and I' takes the valuewys'orxl
according~as;theArelatiVe~iA parity-is:even. or- odd. Tiﬁe-reversalr

invariance implies'that'bA and by -are real. . Then the matrix elements: for

=

+ 0 &+ L am = :
X prn., X nﬁf,.and.z-e»nﬁ respectively are given by

o= T2 (B lep+ g+ 105 Ap (ep - )}

M= By g Byl 2ey) + 1y [ Ag gy = Ajleg-eg)]}

and

LR
I

o= (Bt Bt 1 (gt Ape))

.Here ‘we define

By = (ag Dplmy + my) and Ap = ayf (meomy),
By o=y b/ (my e my) and ay = a/(m - ooy

. for 5Pe=:75,'and
By = doay/lmy-my) and ay =5y By my o+ my)
for 'I' = 1. Also, we. have .
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=
I

= 2 { (B, &y - By &) - 175:‘(A/{'-gN’+’vAZ’gA)}

for‘F‘=>7 and

5}

ho=- 12 1Ly ey Apgy) - 19508y ey - Brgy)

=
i

for T =l Introducing the conditions that the asymmetries . in 5> ni" and

S ¥ nitT  are zérq,.and.that the s/p:ratios,in;iﬁé;pno and A-pr decays

have values x, -and. X 7,,respectively,.we_can:éliminateVthe AA,vAZ,'BA,Vand

.0 A A

BZ' ~and get a relation:between.the various strong-coupling -censtants.

. Another relation ‘between the ceupling constants is given by the ratie
| 11

|Mﬁ| / |MOJ, which is knewn from :the measured life-times: of I and A.T .

- We now have .four cases.to consider: .I' = 1 or 7.; and pure s+wave or pure

”5

. p=wave 1in Ef*-nﬁf, The - corresponding -relations between the coupling -constants

are given. below:
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[_-Case:I. .= 75, "_Z.-vl-—? n%r+ s-wave
(g5 - &) (g, + &5 gy) X
‘ 2 he 2y XAl
(g + gy){ey ™ ey -2gy) 7072
2 e | 1oy 2 2 L1/z
LByt ep ey 4 T Xy Xy -
g, (8 + &) . 2 2
L BAER T ey |, Hx %y
o+ .
[, Case 1II. I = 75-,' "2 > nw p-wave
- 2 , -
(eg - ey) (g - epgy-2ey)  xm
2_ . / X, M
(a5 + ey (g™~ &g gy) 00
2 . . 2 2y c1/e
N Vil _|Mh|' Lrx My
g, (8.&g) . 2 )
A \Ex8y | |4, | 1+ %, ™
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_ [‘Case_:III. To=1; 5> ni’  s-wave

ey - gy)lgy” + g5 gy o

2 ‘ .
et En By | | 1rx o

i : N N ; .— - } -

" '[Case- IV, T=1, ¥->nr pewave

(g - 5,2 By ey - 25,0)

(g5 + gN)(gf- &5 &)

R I

M, |
! [
N I %




-l » UCRL-9863

Here p, and ug-.-kinematical factors:for ‘A and ' Z-decays, respectively--
A 2 ' A

are given. by

ap
My = == ~ 0.053%
A EAme »
and
Qe
: PN
l_j' IS — ﬁ ‘o-lO"
pH E2+ mN

where a4y -and qil-are the momenta, and EA and E the-energieé of the |

z
proton -in the decays at rest of 'A and X, respectively. When the

|AEP| = 1/2 rule is assumed in the analysis-of-experimental data;A X0 is
known to bé5 very nearly -1, while X, has ‘a greater uncertainty attached

0]

to it. For further discussion, we shall take x. = - X, = -1, and
|Mﬂl/lMo| = l which values are consisﬁentbwith the experimental data.k
To simplify the-calculatiqns, we Wili élso take HA/MZjé 1/2 (instead

- of the actual valuevoffv‘o;SB). We then getvthe foliowingksolutions for

the coupling'constahts.



o
- Case I. = D= }(5, o onr s=wave
- .2
Ex 3 &y
2 __2_ 4 2
Case ITI. It = 7_5, > nx p-wave
-2
€xr = " 3 &y
2 2
2 B &y
& T 25 T
Case III.. I'=1, S-nr  s<wave

Case IV, =1, 5 p-=wave

g_z fad 002

BN 2
gA -_‘lQOg -~ o.oAgN
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DISCUSSION
-In the absence of definite knowledge of any of the strong strange-
particle coupling-consténfé,_it is impoésible to make é élear'choice
betweenathe four cases considered. . It -appears, however, to be a reasonablé :
demand that -gAe and gz? be comparable’wifhieach other ‘and be roughly of
‘the same order as the - «N .coupling. constant gNg. in that case our
results -above may be regarded as:an indication that the decay o ngt
takes place in the s=-wave. If it took place in the p-wave, one‘would
: 2 ., 2 . ' . , 2 2 2
have g. &Y 25g for the case of even IZ-A parity, and g, =100 g £!0.0th
.22 A A zZ
for the case.of odd Z-A parity. The question of relative Z-A parity is
more difficult to decide. But if QAE'vand gz? are to be £ng2 s, we.

are left -with T" =7 i.e, even Z-A parity. It may ‘be noticed that

v5_’
this:.is just the global-symmetry case (gz?'= gAg) , and it is interesting
that our model, which starts off on quite different premises, ends up

by excluding almost-evéry.other”possibilify except globai,symmetry,
particularly if one assumes that Z-A périty is ewven.

Once we have>thuS<chosenfthé gfs, the'parametersréA, az, bA, and bZ
1are:completely-determined~in this self-consistent model. We will not,
however, . give expressions .for them since we have.nolway of'déciding'what
should. be the reasonable.values for them until we have analyzed the weak
‘boxes further. -When that:is done, we hope ‘we éan make more-definite
statements.-about all these quéstions*and‘about the .relative Z-A parity in
particﬁlar. It may also be remarked that in the above calculation, only the
has been used, and not the -absolute sign of

relative sign of x, and x

0 A

either. The latter affects only the signs of a's:and b's.

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

- models .of Feldman et'al,13, and. of Wblfenstein.lu ‘Feldmen et al. take
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K poles‘also intovagceunt, in:the‘spiiitaof a.completely;dispgrsioniﬁheoretical
»approagh, wherg;né-particles:are thbé;regardedwas;mOre;fundamgnta;;thap
ethe;sqv Inadoing so,:hoWever, they -introduce twoladditionalvparaﬁgﬁgrsew o
(gKA:fl),v(gKZ:fK);,_whgre fK is:the'strength~of‘therKﬁ-Vertex--;nto a
aproblem in:which ﬁhere:arevaiready7a large nqmber'of‘parameters, ,It;is
. then impossible-to”make‘a,definite statementwon‘any;of‘thé{Questions to. .
which we have -sought answers. VIn fact, it is‘impossiblé-evenrto,prediqth_
.the relative helicity of ﬁﬁe:prqtqns~insth¢ Z? and.Aidecays,xwhich,
depénds:onithe‘sign;(gKZ/gKA) 'in.thezéase-considered by them in detail.
In.ourgmodel,.onsfhe other ‘hand, the~same;£elicity=forithe'proton;is<a1most
-definitely-ruled“out-if'the relative X-A -parity is:even, since & fit
»requires»;gzl= Egﬁ,ung'=Ji~2gN ‘for~'ﬁﬁ4'nﬁ+ going in s-wave, and»

g£?= (8.§gi 2a9);g§?-, gA2,=_(gE=+ Egﬁje ,.for 'S --nt going in p-wave.

The -choice -is more difficult in. the case of.odd. Z-A parity, since the
-valueSxof‘the:cdupling«cohstants,turnxout.to.be practically the same:as
«those-whidh give rise to. opposite proten he_licities-in‘the-tWo,d'.'ecayso

»Wblfenstéinfs,model~assumes'that-Kidecayzisfthe more fundamehtal

decay and that X and A'degaysxare'secondary. He therefore neglécts:baryon
. poles .completely, but has to include;two-particle-intermediate‘stateso

His model, like that of Feldman:et al., élso has:(KYN)‘vertices,.andahis
prediction:regarding~the‘angularnmomehtum>states,involved in-it decays
-into a neutron:depends;oﬁ:ﬁhe»(KXN) ‘and'(ZA):particleStassumeda Further,
whilelin our model the fact that '» nit' goes into s-wave 'and 5 - nx” into
p=wave is due to a dynamiéal concellatién between.variOus:diagrams; iﬁ.the
model of Wolfenstein, the i% goes: into. sewave only because a certain parity
- is:assumed for the K meson-and for' (ZA), so that only a single diagram (K-pole

D

‘diagram):contributes to it.
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A word aboutbour'omission:of”otherrdiagrams:whichfwould’be~iﬁcluded
finra"complete S-métfix-approach; The lowest mass-two-particle diagram

-has ‘a pion:and avnucleon.infthe;intermediate state. . Because the: J = l/EﬁN
.interactionEis known to 5e-émall~at.the-relevantvenergies, the contribution
..of this diagram may be expected to be small. The 'n¥ fintermediate-sﬁéte
»diagramS‘would be'expééted to,make:én:even:smaller coﬁtribution. As for:
~the'K-pole diagrams, it<has-ofténzbeen¢conjeétured“tﬁat'theaﬁrcouplingsuare
‘weak . compared to the = coupllngs, and the fact that we:areable to. fit
-experimental data. without the 1nclus1on of these. diagrams may be regarded

.aStan.a.posterlorl 1nd1catlon-that K»coupllngs.are‘1ndeednsmall.
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FIGURE LEGEND

f‘ig. 1. Diagranis for X and A decays via barybn poles.



A

;T
/
7

ap(l+iby7s ) -
//W_
A st
-9y T
;T
+ /

p

P

°
, T
’

p
N s

/Tr—
//
b A n
9 r a(l+iby 75 )
//77'_
s” 4 °
9y 7, z a(l+ibg?s ) n
s ’5 pARELD 4]
T
// )
+
2 A
9, T apll+iby 75 ) n
VR
/
2+ 2o
—9z 7s agll+ibg7g) ;
ot
+ s
=" p ;
- - : n
/é-az(lﬂbzrs) _‘/EQN 7s
MU=-24797

Fig, 1,

UCRL-9863



This report was prepared as an. account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





