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TO: .All recipient& of UCRL~ti305 .. 
FROM: Technical Information Divfeion 

. Subject: UCRL-11305, "New Experimental Test of the Decay-Rate Pre­
diction, 2:::: =A~+ .[3'1;0+," Physics Letters !• 349 (,1964)• \ 

' 
. M. L. Stevenaon, .r'. P. Berge,. J. R. Hubbard, a. R. Kalbflei.ech, 
J. B. Shafer, F. T,~ Solmitz, S. a. Wojcicki, and P. G. Wohlm!-1t 

·-

- . ·- -

\' . 'J ... 

. ; -' . :-.: :.~~~\~J-,-:::.: - " -. 

Please make the following corr.ections on subject report. 

Page 349, 

Page 350, 
. I 

' \ 
authors reads: Whol~~t. 

Eq. (12) reads: a.'='.= • \: •. ....... \. 

i 

It should read: "w ohlinut .... 

It should read1 "a. A a"'~ • •. u 

Pago 350, Top 'ff aecond colum~ retlcis: ,. =:+ = • • •. It should read: 
..... ,' = ~.. It 

• 1:+ . . • \' 

Page 351, Table 't, next to last entry·.reads: (tOAX10·.5 sec·i m·!). It,. 

shoul~ read:•i(8w)· 112(10A)*. to•5 (sec m,.)·i/2." , 

I• -5 •i •1 Table t; last entry reads: (iOAX 10 sec m .). It ahould 
read:;'(8•)·i/2 BX{o·5 (sec r.n, .. r·t/2.•• , 

Page 35i, 

.. 
We wish to ~nk Dr. s. Y. Lo for p~~lntlng out the neglected. factor 

i 1: of (8w) • 1/ 2 in the \
1
last two< e~triea of the table. This does not affect any of 

' 1,11·.\: \ ' ' ' •. :,[. •. ' . ·, ·.• 
: ~I : 1 1'. ' . • tl 1' • I • · 

,:1 the results. · ;\. ~· ·\; [,. ·-:·.- ~., 
'\ \, .· . \ ', \,I' ' ~\ ... ' • 

\ ·: 
\ ; \. t'. L,. .\. 

\ l .... :" 
. \. . ' \' 

,, 
' ... \ \. 
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Predictions for a relationship between the amplitudes for the nonleptonic 

decay of ~- - A + n-. A - p + 'll-, and 
+ 0 . i 

1J - p + n have been made by B. Lee, 
I 

M. Gell- Mann, 
2 

H. Sugawara, 
3 

and S. 
4 

Coleman and S. Glashow. Lee, using 

SU 3 sym:rnetr.y, octet dominance, and R inva.riance (i.e. inversion through the 

origin . 'I'z = 0, Y ::: 0) predicts that the nonleptonic covariant decay amplitudes 

for both the S wave (A) and . P wave (B) satisfy the relationship 

z:·( =A_ + ~ 1,;~ , (1) 

and hence a triangular relationship exists. Gell-Mann finds that the relationf!Jhip 

(1) holds for the parity-violating amplitude l i.e. the S-wave (A)] under the weaker 

assumption of CP invariance and SU3 symmetry with. "octet dominance. " 

Coleman and Glashow, like Lee, predict the relationship to hold for both the 

S-wave (A) and P-wave (B) amplitudes (i.e., a triangular relationship), but 

without the strong assumption o£ R invariance which is not satisfied for the 

strong interactions. However, they require the existence of a. presently un-

) \; .. observed octet of scalar mesons. The weak interactions proceeding virtually 

through these mesons violate combined CP and SU 
3 

invariance for the parity-

c~nserving amplitude [i.e., the, .. P-wave (B)] iL (M. Gell-Mann, priv~te communication.) 

We wish to present experimental evidence from our ::r data in the reaction 

- . - + K + p - E: + K that bears on this prediction. 

l ~ 1, 

5 A and B are related to the decay matrix, and the decay rate, by 
- ~·, 

l' m = U(b') (A· B "Vs) U(b), (Z) 
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and 

w.= (3) 

The u• iii .. are the baryon spino~s. and M, m, and ·1.1 are the rest masses 

of the parent baryon (b), the decay baryon (b') and decay pion, respectively. q 

is the pion momentum. 

In Pauli spin space the 'decay matrix is written as 

fir= X +(b') { A9 + Ap G' • *'bf (b) , (4) 

where Rb,. is the unit vect~r in the decay baryon direction a%ld the x 1 s . are · 

Pauli spinors. . The decay parameters are defined in terms, of . A
8 

:and . Ap rather 

than A and B, thus 

.. ' '(5) 

,. 
A and B are related to ·A and A by · s p 

{6) 

Here we ignore final-state interaction and use the prediction of time~ reversal 

invariance that all amplitudes are relatively real (i.e. f3 = 0). For a given o., 

x is a double -valued function, 

X= .! (1.:i:w) a. or O:x = 1-y , (7) 

"h where the sign of y determines the correct root. 
. ~· 

~· 
' 

( 

v 
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Following .Lee, 1 we represent the decay amplitudes graphically with the 

value of B plotted as th~ ordinate and A as the abscissa. The tangent of the 

angle that a given decay amplitude. ma[kes wit~ re;p]e
1
?

2
to the 

· M-m -
E ;;:; B/ A= X • ( ) :z I-Ll • 

(M+m) -!J. 

A axis is 

(8) 

We report here on the measurements of the decay rate, w •. and the 

a.. f3, and y for the ::;:·-A + n- decay and how they bear upon the above pre­

diction. Our results are based upo~ a sample of 900 ::f decays. Details of this 

c:malysis will appear elsewhere. 6 • 7 For the lifetime of the we obtain 

6 . . -10 
T '='- = 1. 9±0.07 ;-;.10 sec. ~ (9) ..... 

To relate the lifetime of the :=:- to the decay rate ;:::--A + n· we 

have searched for other decay modes, such as leptonic decay,. and found them. 

to be negligible. Therefore, 

w( :=:-- A + -rr·-) =. 0.592±0.025 X io 10 sec- 1• (iO) 
i • 

When we assume the :;:· spin to b~ i/2 and use o.A = 0.626 we obtain 

from our analysis 

. a. ..... - = - 0.4U:0.08, .:::. 

f=l-- = Q ~ rtf .1-a.;-...... .... 
. r--:-2 

y '::!- = ~ 1-o:;-- -
sin d,>-- = + 0.08:t0.26, . ' .::=. 

cos <!>'::'- = 0.91, .... 
; ;. 

<?'='- = 0.08±0.28 radian. ..... ., 

·From these values we obtain i ·.E.~- ;:;· - 3.45±0.66. 
f : :.. '. 

(1 i) 

In Fig. 1 we graph the amplitude 2 ?':- , whose magnitude is proportional 
to J A2 + B 2• . , . I , . : . -

.I 
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The value of A is determined from 

. -10 9 TA = 2.S5±0.07X10 sec, 
. . 0 . . . 10 

w(A-p+:rr-)/[w(A-p+:rr-) + w(A-n +.:rr )] = 0.660::t:0.004, 
• 8 

and (c) o..L\. = 0.62:0.07 •.. 
i 

' ' 

. + 
For ];O we use 

(a) the lifetime T · = 0. 78:l:0.03Xi0~ 10 sec, 11 
I;+ . 

(b) the branching ratio wp;+- p \:+ :rr0)/[ w(E+- p + n°) + w( ,1;+- n + :rr +)] 

i1. = 0.507:1:0.023, 

(12) 

and (c) a.
0 

= - 0. 90:!:0. 25. 12 ·.A value o£ a.
0 

has been published by Beall et al., 
13 

. but these authors are presently recalculating a new value of · ?'o based upon more 

recent information on the analyzing power of the proton-carbon interactions~· .· 

Therefore, until their new value is published we use only the data of Tripp et al .. 
12 

Table I summarizes the experimental values used in obtaining the 

triangle plot of Fig. L Three vectors are displayed for IT' ~·~ , ~ne for 

. ·' . . - + . - -1· 
a.

0
· = - 1 (the value that very nearly closes the . Z _ = 1:: + + V Z. E 0 triangle), 

. + 
and two with associated error ellipses, for the two roots of x(~0). Since the 

sign of y + is unknown, one of the roots cannot be ruled out. For, either root 
. Eo . . 

. ' . , 
-i< ',• 

the experimental agre'ement is good. Chi-squared tests indicate that the probabilitieo 

of getting fits worse t~n the o,;,.es displayed are 66o/o .for y' ~· >"o ~nd.' 26o/o for 
: . . . . ' . ; . ,;0 . . . . . 

y + < 0, respectively. From the figure one sees that the m~n Uncertainty in the 
.I ~ 0''' ' . ' . ,·. 

exper~mental validity. of the triangular relationship comes from the uncertainty in 

• o. + (and 'V +) not fro.m the values of the lifetimes and branching ratios. Nothing 
~ 0 :E 0 ' ; . . . ' '.' . . . . . . ; . . . . . ' . . . . • . . 

that. we, have measured so far tells us whether the individual vectors point in the di- \) 
' : •!t ·. . ' ··.I .. ··: ' ',. j • • • • I,, I ·, ·, ': '' . ·.: ': . '• 

the directions that wo,~ld beet satisfy the rule • 

. ·, .The ~T = 1/2 rule for nonleptocic de.cay, 'which is also a 'co~sequence o! 

these theories, predicts w('S,O ~A + n°)/w( z·- (\. + -rr·) = 1/2. From our value of 

th -::0 t·f i. 7 · · ., s·· +0.4 · -to fi d £ .... o·d· e - 1 et me, 7 2fJ = "· _0 _3 XiO sec, we ·n the ratio o the ..::. eca.y ra.te to the 

-·E:; dec<;y ra,t,e:.to be 0.68±0.10, .. within·tw.o standard dev:iat!ons".of.the p:r.:edis::ted value. 
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:: tl ' Table I. Summary of experimental data. 

. ,·. 

{'TX10 iO) sec 

Branching ratio 

[ w(b-+b' +Tr) Xio- 10] aec -i 

1.69±0.07 . 

1.000 

0.592±0.025 . 

·~ 

a 

[3· 

y 

M(MeV) 

,• ·'' 

'. ·~ : 

.. 
· · · m(MeV) ' I ' ' I J. ~· ·,. 

p.(MeV) 

.. ·z. z 
.(M+m) -JJ. · 

2 z· (M-m). -1-L 

-5 .o.1 ·i (BXiO )sec. r.nTr~ 

·!' \;:, 

{ ·• ' 

: : 

-0.4i:±0.08 

. ·0.08:!.-{).26 '' 

:0.91 

1321.0 

:1115,36· 

·'! ··r· 

. 259,46 ' 

' . ' ~ 

-1>H:0,12 
r ; ~ • 

1;+ 
0 

0.78±0.03 

. 0.507:.t0.023 

0.650±0.045. 

.;.0.90±0.25 ·: 

• ' ! •I ~ ,· • : :: • ' ,' 

1189.40 • " ' 

) .938.Z1. ! ; ·-

.. ' 

I' 
1 

·.' ,': ."'. '. I, ;,135.,00 . I~ . 

' . 
:,.. . : .:. . 101,871. 

':- !l; :· ;, !'·) .. 
. . .. ' 3.J9:t0 .• 59(y:z:>O) 

2.,0±0. 9(y:z:<O) 

-2.1:1.::0. 9(yz>O) 

-3.S±0.5(yz<O) 

UCR.L-11305 

A 

2.55±0.07 

.. 0.660±0.004 

. 0~259±0.0.08 

. ·0.62±0.07 

0.18±0.24 

· .. o. 78±0.06 

. 1115.36, 

.. . ·938.21 ·:· 

· 352.aa:>·.' 
•' 

' ' .· ... i.·: 

.. 2.02±0 •. 26 

r 
~( 
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FIGURE LEGEND 

·Fig. 1. Test of rule 2 z: = f\[3 Z:~ + A_ 

UCRL-1:1305 
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