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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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To be sent to Physics Letters

- ‘Page 350, Eq. (42) reads: Q.= -\-. It should readz "cA a 3.-‘-’." “ R A

UCRL-11305
Errata:
. UNIVERSITY OF CALIFORNIA .
Lawrence Radiation Laboratory X%
Berkeley, California LN
v
AEC Contract No. W-7405-eng-48 '\\_
o _May 1, 1965
° "ERRATA:, . - g

TO: All reciplents of UCRL-4141305
FROM: Tachnical Information Division

Subject. UCRL-14305, "New Experimental 'I‘est of the Decay-Rate Pre-
diction, 251 = A_ + »J’svo ." Physics Lotters 9, 349 (1964). -

M L. Steventon. A’. P, Berge. J. R, H\lbbard. Gc R. Kalbﬂeisc}‘.
J. B. Shafer. F. T, Solmitz, S. G. 'Wojcickt. and P, G. Woblmut
- \)_

Please make the following corr,ecttona oti iubject report.

Page 349, authors reads: Wholnwt. It ahould raadz "Wohlmut, "

kY .
Page 350, Top of second column rex\da. Toge 5440 It should read: I 5
: g o ves W \ ‘ P : S ,\":
_ E* &T' ¢ 5 : \
Page 351, Table 1 next to last entry reads: (10AX 10-5 gec” .) It .
| ‘ ahould read: "(81:)'1/2(10;«))\' 10°° (sec m"-) 1/2 "o : "\;_
| Page 351 Table 1, last entry reade: (i‘.OAX 10”> gec™1 m;_).- It should
read: "(811)'1/2 BX 10 (sec .m"_)'i/z. "

1
' .

We wish to thank Dr. S. Y. Lo for po»lnting out the neglected factcr

. of (8m)~ / in the last two.entriea of the table. This does not affect any of

the rea“lts' S '\' R l\ - “ 2% i " S "Ez
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A New'Exp'arvime_ntalv'Iest of the Decay Rate Prediction,
' *A + 3 Z e

M. L. Stevenson, J. P. Berge. J. R, I-Iubbard G.R. Kalbﬂeisch
¢ J.B. Shafer, F. T. Solmitz, S. G. Wojcicki, and P.G. Wohlmut

Lawrence Radiation Laboratory
University of California
Berkeley, California

Febi‘,ﬁary 19, 1964

Predictions for a relationship between the amplitudes for the nonleptonic

0 1

= have bfen made bjr B, Lee,
M. Gell-Mana, 2 r-I Sugaw_aré. 3 and S. Coleman and S. ‘Glashow.éf Lee, using
SU, symxhetxty.‘ octet dominance, and R invaria.ncé (i. e. inverlsio_n thfough the
origin ‘Tz = 0, Y = 0) predicts that the nonleptonic covariant decay am‘plitudes

~

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

25" = A +ﬂ2;, . | )

~ and hence 2 trxa.ngula.r relatxonshxp exists., Gell-Mann ﬁnds that the relationghipl

o (1) holds for the panty-vxolatmg amplitude [i.e. the S-wave (A)] under the weaker

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

- Coleman .é._nd Glashow, like Lee, predict the relationsﬁip to hold for both the

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

without the strong assumption of R invariance which is not satisfied for the

strong interactions. However, they require the existence of a2 presently un-

]

.observed octet of scalar mesons. The weak interactions proceeding virtually

through these mesons violate combined CP and SU3 invariance llfor_ the parity-

ccl;ns'ervingr‘ amplitude [i. e., the:. P-wave (B)]“ (M. Gell-Mann, private cornmunication. )

We wish to present experimental evidence from our =~ data in the reaction
- = gt ' s et |
K +p- 2 + K that bears on this prediction.
A and B are related to the decay matrix, and the decay rate, > by

T = TUk') (A - 3B vg) Ub), | | @
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w.= é-f?-{[Aiz [ (Mtm)? - u?] s 18121 (Mem® - LIV ey
wi - ) : . N . . » .

f

The U's  are the baryon spinors and M, m, and g are the rest masaes

N

.~

of the parent baryon (b), the decay baryon (b') and decay pion, rejspecvtive'.iy. q
is thg pioﬁ momentum, | ; | | | )
In Paﬁli spin spa‘c‘ev the:decay matiix is written as , . L
.7”1=x (b'){A +A0 @}x(b), | 4
where Pb ,v m‘the unit vector in the decay bar,ro'x dxrectzon and the x| '5 Iére
Pauli spmors. The decay parameters are defmed in terms: of Ag .and .Ap _raf.her

than A and B, thus :

P
it

2Re A, A"/ (18,12 4+ |45, |

2Im A Ap*/(iA5|7‘+ [Aplz). BN )
2 2 2 2,

vela, 1= 1A N/ da|T+ [a,lD .

i

A and B -are rela.ted to A and A by

S | 1/2 R
x= A /A = (B/A) [’.(M_m)z_“z %)
B (Mtm) P2 -

Y

Here we ignore final-state interaction and use the predi‘ct:ion of time-reversal

invariance‘that all amplitu'deé are relatively real (i.e. 8 = 0). For a given a,

x* is a double-valued function, } L — : | "
1, /. 2 ] - o
e | x= = (1%,/ 1-a) or ox = iv-y . , {7 | \/
#  where thé sign of y determines the correct root.
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Following Lee, i we represent the decay amplitudes graphically with the

. value of B p}.otted as the ordinate and A as the abscissa. The tangent of the

' angle tha.t a given decay amph.tude makes with respect to the A axis is

4 i/2 , .
: oy e 8 |
€ = B/A= X .[-(M-m) il ] o ' (8)

(M+rm) -p ' o S

We report here on the measurements of the decay rate, _w, and the "
a, (3, and Y for the E—=A+ 1 decay and how they bear upon the above pré-
dictiox;. ‘Qur results are based upon a sample of 900 ol decayé. Details of this
analysis will appear elsewhere. 6' 7 For the lifetime of the =" we obtain

T = A 69*0 07%107%% sec. . (9)

=)
—

Lremd

‘To relate the lifetime of the =~ to the decay rate = — A+ 7 we

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

to be negligible. Therefore, o : SRR

w(E = A + 1) = 0.59220.025 x 1010 sec”t.  (10)

When we assume the =~ spin to be 1/2 and use 0, = 0.626 we obtain

&

from our analysis

- 0.44%0.08,

sin ¢~ = + 0.08%0.26, (44)

=/ 1-a%- "cds o= = 0.91,

b~ =0, 08&0 28 radian .
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‘F‘rom these values we obtam' e._., = « 3,450, 66

In Fig. 1 we graph the amphtude Z B_ ,' whose magnitude is proportional

Az-ihB2
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The value of A_ is '_determined from

{a) TA = 2.55*0.07)(10'10 e;ec.9 . . - ' c T |
(B) wih=p+ 1)/l w(A=p+17) + wlA-=n +10)] = 0.660£0.004, 0 (12)
and {c) ap = 0.62:!:0.07,81 , A _ o _ o/ | _ ' ' _ (
For Eg we use L N o N L o - g o f’
4014 o
(a) the lifetime 7 = 0,78+0.03X10” " sec,

=t

'(b) the branchmg ratio W(E - p' W om )/[w(z - p + W ) + w(E “-n+n )]

= 0.50720.023, 11

and (c)'v ag = - 0. 90*0 25, 12‘ A value of a, has been published by Beall et al., 13

. but these authors are presently recalculating a new value of % based upon more

recent information on the analyzing power of the protbn-carbon interactions, .

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

- Table I summa.rizes the experimental values used in obtaining the

’trxangle plot of Fxg 1. Three vectors are dwpla.yed for «/’ 3 Eo , one for

a "“- - 1 (the value that very nearly closes the E E+ + \/ 2 E trzangle),

0
and two with asaociated error ellipses, for the two roots of x(Eo). Smce the

sign of vy '+ “is unknown, one of the roots cannot be ruled out. For, either root
0 -

't‘h'e .eXperimental agréerﬁeﬁt is good. Chi-?squared teéts indicate that é’m probabilities

of gettmg ﬁte worse tha.n the ones dxsplayed are 66% for v ; > 0 and 26% for
p :

Y + <0, respectwely. From the hgure one sees that the rgam uncerta.y.my in the
P

__expenmental vahchty of the tnangula.r relatmnslnp comes from the uncertamty in
b .
@ . (and Y +) not from the values of the 11fet1mes and bra.nch.:.ng ranos. Nothmg

b v :
that we, have measured so fa.r tells us wheuher the ind1v1dua.1 vectors pomt m the di- D
rectxons that we have shown or 180 degrees opposxte to them We have sxmply chosen ‘
the dnrections tha.t would beat satzsfy the rule.

The AT = 1/2 rule for nonleptonic decay, whxch is also a consequence of

' these theories, predicts w{E -’»A +m )/w( = »A +w)=1/2. From our value of

=0 7 ~10

-0.3
= decay .ratetobe 0.68+0.10, withintwo standard devl,a.t;ons;,of_',the predicted value.

’?;__..,.o = 2, 5*0 4x10"Y sec, we fmd the ratio of the HO deca.y rate to the
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Summary of experimental data.
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(rx10%%) sec

Branching ratio

-3

[ wib—+b'+m7) X10~ 10] sec

a

B

Y
M(MeV)

‘_51("\/1@\’).
o M+m)2 2.

(Mom)2mpe z

© (10AX10-5)sec tm21

)secfim";i-

-5
(BXx10~ b

=y

1.6920.07 - -

1.000 -
0. 592 =0,

'Oo -1*0.08

+
0

T
0.7840.03

10.507£0.023 .
.025

20.90%0,25

10,91
1324.0

439,59

. 259.6

L -1i4120,42

1115,36- . ..

4.0920.18

1189.40 ae

£.7.435,00

' 2‘0*0'9(\'24’)-

| -3,540,5(y5<0)

2.55£0,07

 0.650£0.045 -

C 3 938‘21 C e 4‘

L0187
3.3920,59(y5>0) ' 3,090.40

-2.420.9(yz>0) -

A

~rw

LY

©0,6600,004
0;25920. oos
- 0.6240, 07
 0.1820.24
L 0.7840.06.
111536,

938. 2‘1 ;

L, 139,59

352,887

© 2,02£0,26
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