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WEAK INTERACTIONS OF STRANGE PARTICLES (EXPER:q.1ENTAL) 

F. So Crawford 

I will not attempt to summarize all results that have 

appeared since the 1960 Rochester Conference. In particular I 

·will. omit some subjects Vlhich v.rere discussed at the Aix-en-Provence 

International Gonference on Elementary Part~cles, in Septembep 1961, 
and for whioh no new material hl'ls been presented to this conference. 

In several of' the experiments I vdll discuss, one measures 

the decay parameters a., f3 and y for a parent baryon of' spin % . 
decaying into a daughter baryon of' spin % plus a pion (spin zero). 

The decays of' interest are 2- ->A + 1r- (here the 2- spin is not 

yet proven to be %, as vre shall see), A -> p + 1T -,·A -> n + 7T0
, 

~+. + ~+ -0 d ~- -
LJ -!> n + 1f , LJ -!> p + 'II · an LJ -> n · + 1T • 

Let. us first review the meaning of' the decay parameters, 

~nd how they are measured. By angular momentum conservation only 

the states S11 and P1/ are available to the daughter baryon arid 
/2 /2 

pion. ·("Baryon" will always mean spin %, here.) ·Both states 

" are usually pre sent, i.e. parity is not con,served. · If S and P 

are the complex amplitude~, four real numbers describe the, decay. 

Four is reduced to th=ee when we neglect an overall phase~ The 

usual parameters are 

a. = - ~lle S ·~P / ( I S 12 + I P 12 
) , 

[3 = 2 !m s·~P/ (IS 12 + I Pl 2
) and 

. . Y = (isl 2 IPI 2 )/(Isl 2 
+ 1Pl 2

). 

I 

i 

I 
I 

i 
·' . 

i ·, . ' 

If' T invariance holds, (3 is· zero, except for final state ~nter-

action.s. Notice that a..is invariant under the interchange of, S 
! : 

and P, so that a measurement of' a gives lsi/IPI or !PI/lsi~ . To . . ~ ' v 
' . . : 
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resolve ·the·.an+biguity one must measure the sign of y. · , . . . - ' . - . . 
1 .... 

For a parent ba.l."yon with 1 OO% polarizo.tion a:tong the + ·· z 

axis, the wave function for the daughter baryon.1s spin/ and angles 

~(polar) and .e{(azimuth) of.emissiori is given by 

'i1 = (S + P cos 11)f + (Pei.e{ s~n 11)~: ,/ (1) 

so that the decay ~stribution is.given by 

·. • . '·d 0~· ~ . ~ I ~ 1'2 ~ !'s + P. ~os 111_.2 + I Pe i.e{ ~in 11 I2 

Clsl 2 ·+ IPI 2 )(1 -a cos-&). 

' '~ ; . 

,t 

~. ,·(2) 
; ' 
I. 

If the ps~ent is not 10Q% polarized but has polarization p~ then 

in Eq. (2) a becomes ap~. Therefore an 11up-doim11 measurement of. a 

. decay asymme.try (distribution in 11) .docs not give a, but gives ap. 

'J;'pe. polarization p depe~ds' on. the strong prOCeSS by ·whi9h JGhe parent 

bru,zyo~ is produced. . By parity conservation (strong process) the 

direction of p is alrmy_s perpendicular to the produc.tion plarie. 
I 
., 

· . . . ·. In the experiments I -~:rill first de.scrioe, ·.(::::--decay, b;y 
1) 2) ;. 3) . 

. the Brpokhaven-Syracuse group ~ and by .tl'le .. Berkeley · - u • .c. L.A. ,. ' ' ' ' . '' ' .9) ' ' ·. 
SI'?:tl.P; ,,_rand A~decay, by Cronin: and Overseth, . the o~eri.menters 

measure;a. direc;tly, using in each caso a parent•baryon whioh .. i$ 

guarant.eed. to be completely unpolarizod. We· nill nor1 ~xplai,n. hon 

'they do this. 

The first question is, hou do they get ,unpolarized~parents, 
: ' 

uhEm \':e know that in general p is ~ot zero, and in fact is o,ftcn · 
,. ' 

found to be nqarly 1. ·"rhe answer is that to get "effectiveiy" 
. I . ' ' • 

unpolarized parents. they ;>:i.mply throw away information as to tho 
. . . . . 

orientation of. the produ~tion plane. The odd term, - ap cos 1} I 

then averages to zero~ i. This 11depolarizat:i.onU trick works only 

for spin %. For spib. %, for instance, · there cduld be terms 

in· cOp~~. that i-7ould not average to zero. 

' .. 
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~he next observation is tl1at with an unpolarized source 
•I J . ,.. 

of p~rent baryons (spin %) , the daughter baryon hast,~ longi tudino.l 
t. 

polarizatio1il of - ex. We can see this easily from F~g. · 1. We 
' OJ! 

quan·~ize along .the direction of emission of the dauf?hter baryon. 

The two egu~ populations of spin-up and spin-downlparents are _at 

the centre of the diagram. Then, since we are quantizing along 

.the direction of' the linear momentUii11 the claughter' baryon 1 s spin 

i 
l. 
I. 
I 

·I 
l 

I 
·i 
·) 

j 
:'I. 

is in the same direction as that of' the parent; 

·1m.~ momenJcum in the final state is perpendicular 

tum and therefore cannot flip the baryon spin. 

_.· 1 I 
( 

· ·bhe orbital angu- \~ l . . . . ft'f;~ ! 
to the linear momen- :~~~, j 

For a given parent ~~ 
spin we see from Eq. (2) that the number of daughters emitted ?].ong 'l; i 
the spin is proportional ·i;o ( 1 - ex) = ::along::, and the number against 

the spin to ( 1 + ex) = "against". .l!'rom ·the diaGram we then see t;hat 

for a given direction of emission the avorace lon:3itudil1al polariza

tion -of the daughter is [(along) - (aga:inst)]/[(along) + (ago.~st)] = 
- ex • 

i 
, I 

NexJc one must measure the longitudinal polarizat{on of 

the daughter~ to measure - ex of the parent. For instance,: in: 

the decay 8- -> A + 1f-, the de.ughter A wili as vre have just seen 

have the longitudinal polarization p =-a:~- along its direction of 
. A .... . . 

motion (with respect to the 8- rrist frame). We therefore look, 

with respect ·t;o this direction, at the decay asymmetry for' emmission 

of the proton, in the cases where we observe A ~ p + 1f • .From · 

Eq. (2) this determines -a Kp A= ex Ji..a:S. '. Notice that all : decays 

arc ·useful, and that % of• the A decay visibly. 

'The experimental situation is much more difficult when 

one wishes to measure a:A' as for example in the spark chamber experi-

ment of Cronin\and Overseth. To measure the longitudinalpolari-

zation p :: = - ex of the. proton in A -> p + 1f-, one must scatter 
proton A . 

.. tbe proton, for example fl~om carbon plates, and look for scatter-
11! ing asymmetry. The scattering probability is typically ts:o com-

pared to the ~ for A decay in tho ·:::;- analysis. Furthermo~e for 
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the scattering analysis not; all A decays are useful. 'One needs 

deoay protOlfS tra~~Y2~k polru."izccl in the. laborator& frame 

(where the c\:trbon plates are). For .ari unpolarizcd A i~e.c£ing . 
at rest in t~e laboratory you would have no transvers&i~polari• 
zed pro·t;ons· q'\: all. But fort he fast A 1 s used, the , .. ~~locity of 

/' 
the,A with respect to the laboratory is large-compar?d. to the 

velocity of the decay proton wiJGh respect to the A rest frame, so 

that for four out of the "six possible dirccJcions 11 (± ·x, ± y, ± z) 

of proton-emission with respect to tho A rest frame; one has trans

verse polarization in the laboratory frame.. This is illustrated 

in·Fig. 2, Hhich is. a. diagram in velocity space Hith tho addition 

of arro\vs to give the spin directions. Since ·t;he A is unpolarized 

in the a determination, it has no rirrov1.. Neither does the carbon 

nucleus. The two proton-emission directions in parenthesis are 

.· U;seless since they give no transverse poln.rization ·vrith ·resp~ct to 

the:: carbon. 

The carbon has a largo analyzing pouer, given by the para-

meter <S>, which has magnitude o.bout-0.6. Tho experimenters deter-

mine pA <S> = - a <S>, from the scattering asymmetry with respect 
' .l\. 

to the plane .formed by the three points (in velocity space) Of the 

carbon (lab.},A, and·proton. The magnitude of <S> is independ

ently determinc·d in double-scattering experiments of protons 1 on ; 

carbon.·· 

Next no consider hou the experimenters me'n.s\i~e·:·p •. : 

. Since {3 vanishes if T (time reversal) .'invariance holds (and if 

final state interaction~· are riegllgiblc), no ·look for a ·suitable 

polariza tiori 11 hich should vanish uridor . T. To do this ne will 

·see that ~7e need a .j)olarizod· parent, a.nd, musJc measure tbe ·da.ughtGr 

polarization. The sui ta.blo polarization is . sho1m in Fig. 3, which 

is again a velocity and spin diagram. '\ .. · 

If T-invariance holds tl1.en tho decay· in Fi.c·. 3c oci~urs. 0, 

as frequently as. that in F:i:-g• 3a, . so the.JG there can bo no nbt 
polarization of the typo of Fig. 3a. 'Thus the experimenter 
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looks at deqays where the daughter is emitted in the p~bduction 
\ 

plane of the; parent, and looks for a daughter polariza~ion per-
\ . 0 

pendicular t'\ the velocity of the daughter with respe~t to the 

parent, and lying in the production plane. In the ::::1 decay analy-

sis, by .means· of. subsequent A decays, four of the 11 six possible 11 

deca.y·directions are useful. In the A decay analysis by subse-
. ' 

quent proton-carbon scatters, only two of the six directions:are· 

useful. This is illustrated in Fig. 4, where the useless direc~ 

tions are in parenthesis. 
.·1 

(In this discussion our language _is of course over. 

simplified~ The various polarizations alvrays vary linearly' with 

the cosine of some appropriate polar angle; our 11useless 11 direc

tions are those where the effect is zero, 11useful 11 where. it 'is 
maximum. In practice it is important for ~G he ex-perimenter· to 

verify the angular dependences, to check for biases and to use all 

• of the data.) 
.. 

Next we consider how the experimenters measure y, to 

tell whether S or P ,predominates. 
I 

Again·we need polarized parents. 

Consider first pure S-Ylave in the decay. Then for all directions 

of emission, the daughter has the same spin direc·i;ion as the· parent:~ 

since no orbital angular momentum is available to flip the spin. 

This is also evident from Eq. ( 1) if '1'18 let P = 0. Next consider 

pure P-r:ave decay. For decays along the direction of parent polari-

zat~on, i.e. perpendicular to the production plane, the orbital angu~ 

lar momentum (a.m.) cannot flip tho spin, since the orbital a.m~ is · 

perpendicular to the linear momentum. For decays in the production 

plane the spin of the daughte;r- i~ opposite that of ·c he parent. 

This is evident from E~. (1), v1ith S = 0, and with cos{) :,1,or 0, 

respectively. In both the 2--decay and the A-decay experiments,: 
; 

"all six directions'' are useable. This is illustrated for the A 

analyis in Fig. 5a, b~ We see that the t\ro extremes of pre?-ominantly 

S and predominantly P,i are ea:;>ily distinguishable. . Equa tio~ ( 1) 

shovrs. horr the polarization varies for intermediate cases. 

nou to the experiments. 
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1. 8.- ~A +.11'· .. -~. 
' t"i. ·: 

; · This decay has been studied by a Brookhave~Syracuse· group 1 ) 

("East") e.nci.byaU.C. Berkeley2 )~ U.C.L.A. z) group.~"Calif'ornia") • 
. , - ~ 

·The· Californ~a E are produced in the 72-inch chamber through the 
I . 

reaction IC + p ...... :::(" + 'K\ \iith K- of. 1 • 2 to 1. 6 <k v /6 (Berkeley) 

Or 1.:8 GeV/c (U. C.L.A.). The Eastern 2- are ·produc~d' :Ln the same 
. . . + . . + . 

reaction, anct also in rcac·cions nhere K is replaced by K + rr0
, or 

'IC0 + rr+• They use K- of 2.3 and 2.5 GeV/c.: Whe~e ·possible v7e 

will include a comparison with early results of''Fowler et.
1
al

4
). 

E292erimcnters. 
No. · 

events 
-~· 

Eastern1
) 75 :.00.63±0.20 +0 

+1-o .35 

. Berkeley
2

) 450 -0.30±0.08 +0.49±0.14 -0.63±0.31 +0.63±0.31 

3) 
U.C.L.A. 100 -0.52:!:0.13 +0.85:!:0.23 -0.85±0.53 -
Calif• 

· Fo'\7ler 

avg. ·. 

et.~l4 ) 
550_, -0.38±0.06 +0.62±0.11 ..;.0~68±0.27. 

18 -0.65:!:0.35 +0 
+1-0.55 

There nou seems to be absol1..1.tely no doubt that a~' ·and a .::. . A 
have opposite signs. This fact rules out some theories which pre- · 

diet a? = aA, the Weak Global Symmetry models of, for'instance, 

' d 'Espa;nat and Prentki5
), and of .Treiman

6 
) • 

The value of a
3 

(fourth column of table) is obtained by 
·. • . . ' .· I . 

dividing aA a? by a~- 0.61 :!: 0.05, which is the recenJc value of 

. Cr~nin and Ov;rseth9 
• We notice that ·che Calif. avg. vahie, · .. ' .. 

~?- = + 0.62. ± 0.11, satisfiesnithin the err.ors the-relation 

. f~:.::l = I a A·!. Thislast relation. is predicted, for instance·, by. 
- . Jl. 7 ) I' 

the Doublet Approximation •. 
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The sign convention for a can be remembered as follows. 
~ 

a:A is negative means that the decay prctcon -lDces to The facJG th~t 
~) 

be· emitted ~n the direction of the A 
~t' 

be· right-h~~ed (positive helicity). 

spin. Thcrefo~ it likes to T 
"I~ : 

f~ . ' 

The Calif. avg. value for P::r (fifth col~n) differs from 

is furthermore' large in magni~ 

If Berkeley 1l~ large ~d 
zero by 2.5 standard deviations, and 

tude, if Yve neglect the large error. 

positive va,lue for y
2 

(last column) is substantiated then it will 

imply mostly S-statc r"or tho final rr - A system. 'l'he 3 mass is 

only about 60 MeV below the Y~' resonance (·.rhich has a half width 

~f about 25 MeV). If the Y~' spin is % (not knovm); and if the 

2 spin is really ~ (not proven), then a large value of P is 

presumably easily explained in terms of 1T - A interaction in a 

fianl S-state. There are too mahy 11 ifs 11 here, and too ii ttle data. 

We leave-this question to the discussion. 

B. Lifetime and mass of 
~~~~~ 

.-. .... 

Brookhaven-Syracu'se.1 
) 1321.0 ± 0.5 MeV 

.. ~ 

1317.9 ± 1. 9 MeV 

.. 

1. i 6 + 

1. 28 + 
-

:! 

l 

0.26 : i -10 

0.17 
X 10 sec 

0.41 -10 

0.25 
X 1.0 sec 

i 
I i 
! 

"Weak Global Symmetry1
:'
6

) px'-cdicts (vveakly?)~r2- ,;! (%) TM 

\7hich becomes T 
2

- ~ T.A:after a phase space correction. Since TA;is 

knovm to be either 2.8 ("Western value 1
', see para.10 E) or 2.4" 

. -10 ' . 
( 11Eastern value", di·tto reum"'k ) . x 10 sec, the prediction, fails·. 

·' 

C. Spin of the· 2 

Suppose the ::::: is strongly polarized (relative to.the 

production plane) in the production process IC + p -> 2- + K+. 

Also suppose that the admixture of opposite pari·~ios in ~he .. decay 

is large; i.e. comp~"'able amounts of S% and P%' if the spin is.%, 
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P% and D% pi' the spin is %, etc. Then in the decay::~.:- -+A + 'TT-

one can obtain a large "up~down" asymmetry in the numbE)r of rr emitted 

~bove and bel?w the production plane. (We consider the 1T rather 

than the A, )co emphasize tha·t rve make no use of the A decay.) , The 

.,. large possible up-down ratio is ~, and tlrl.s can be achieved only 

for a 2- spin of %, and w·ith mmcimum parity non-conservation and 

maximum polarization, namely wi·th, j o:2 ] = 1 and I p2 l = 1. 

•· the spin, the smaller is the maximum up-dovm asymmetry. 

· perhaps easily believed from. the clc~.ssical lirDit of lar3e 

The 

(This 

spin, 

higher 

is 

i.e. 

, a .decaying flywheel. Polar fragments carry no "useful" ant,r:ular 

'momentum. Therefore most of' the decay frag1nents are 11required11 

to go off in the equatorial plane in order to conserve angular 

momentum. At le:ast this is so if the decay is not very exothermic!) 

The experimenters find the following values for 3 e(avg.), 

where e is the cosine of ·the decay 1T with respect to the norrhc:l.l to 

the prouuction plane, and the average is trucen over all of the 

decays. · 

~2:-:per~~n)sers 

.. Brookhaven-Syracuse 1 ) 
' ,, 3) ' 

· U. C •. L.A. 

+ 0.52 :!: 0.26 

+ 0.51 :!: 0.17 

If the spin of the ~· is J' "chen the magnitude of 3 e (avg.) 

·must be less than %J, Erovil1,ed thaJ~ th~ distribution it:;.. e is linea/) 

For· spin' % this sum is o:2 p 2• For spin % the upper limit is Y:s. 
This is 'exceeded by 1 std deviation for the U·. C. L.A. data, and by 

o. 7 std. dev. fort he Eastern data. J!'or spin % the limit is Ys~ 

exceeded by 1.8 std. dev. by U.C.L.A. and by 1.23 std •. dev. by the 

East. 

Of course if the spin is J, the distribution in e can go 
•23 

up ,Jco e , so that it is not fair to answne that the distribution is 

linear. The above test is therefore not strictly valid. A 

valid test is provided by· the Lee-Yans test functions 
8

). ]'or spin 
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~ 
% they def·ine T%'% = 9P1(avg.) + SP2(avg.)- (7/3)I?l(avg.), which 

must be less than 1 if the spin is %. If P2 (avg.) =t P3 (avg.) = 0 
. .\ t 

we get the sil)lpler but invalid (to an experimentalist)/ tesJc 11 assum-

ing a linet:U- d-istribution". Similar test functions ~e constructed 

for higher spins. The Eas·cern experimenters 1 )find 

T-};;' % = 1. 6 ± 0.9 > 1? 
2 . 

T%, % = 3.7 ± 1.7 > 1?. 

They thus find the spin % condition violatec1 by (o.6/o.9)· =· ,0. 7 

std.· dev., and the spin % condition violated by 2.7/1.7 = 1.6 

std. dev. · Clearly more dataare neededs even to rule out spin %. 
I: 

. . ' 

. ~ . 
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'J;'he exper:llnen·cs al."'e listed in inverse chro~oiogical order. 
4 

\ 

Exuerimel!,.~~ A-S~urce Detector 
-~ 

.,.. ____ ,__.._._....,, a 
! 

Cronin an~ 
Over seth~ 1T + p Spark c -0.62:!:0.05 +0.19:!:0.19 +0.78:!:0.04 

Gray et. al1o) K- +. He 

Bt3all) et. 
. ai11 1T + p 

He B.C. 

Spark c. 

-0.66:!:0e25 

-0 67+0.13 
• -0.17 

( -
assume = 0 i 0 74+0. 09 

~ · · -o. 23 . 

Birge and 
Fowler12 

)' 
1T + propane Propane B.C. -0.45:!:0.4 

Bolt 
. 13) ... 

et. al 1T + iron Cloud c. -0 85+0.15 
, • -0.21 

In listing the first three experilnelYGs in the table, I 

havG converted the experimenters 1 published errors, obtainr;:d by 

going down by a factor e-
1 

on a likelihood function, to the more 
. ~ ' 

customary values obtained by going down by e- 2
; this usually 

means I divided their errors by ~2. 

We see that a is now fairly well knovm. The ea:)::'ly sign 

discrepancy is resolved. The sign of a is opposite to that pre-

dieted by application of UFI to A decay, by Okubo e)G 
1 4) 

al. • . As 

)Go the magnitude, a1~ additional recent rGsult is relevant~! This 

i 
.'. r 

~~ 

IJ ,, 
'! 

' '' ; ... 
':; ' 

j. 

'1 

·•I 

is obtained by measurement oft he dc'cay asy1nrnetry as a function of I 

production angle in the reaction 1T + p -l> A + K0
• 

My collaborators and I find that ap (1'7) is 0. 68 +' 0. 07 at 

its maximum
15

). This is consistent with the value of Cronin and 

Overseth, if our A 1 s are 1 OO% polarized. 

The value of [3 found by Cronin and Overse,th is consistent 

with CP-invariance, taking into account thG final state i~terac·cions 
froin the known 7T-p phase shifts 

9
). Experimenters with 1!J1POlarized 

sources of A's cannot measui"'e P or y. This explains the· vacancies 

in JGhe table. Doall et al. assume P = 0, but this affects hardly 

at all their results for a and y 
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The above results for y show that the S-naye ·dorn1nates· 

in A ~ p + 'fT-. This result has been usect to show ·~hat the spin 
, .. 

of AH 4 is 01 and that therefore ·[;he K A and 1TN parities are pro-

bably the s.arne 1 6
). ,: 

I 

:' 
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3. The dec.s'l....Li. ~.E._+ 1f0~ 

If the 6I = ~ rule holds for A ~ (nucleon·~ pion)~ then 

for the decay amplitudes A we have A(n 7r0
) = -2·· ~ A(p 1f -), so 

that the decay parameters a, p andy should be the n~e for the 

two decay modes, and the decay rates should t;ive BA ::: (A -> p 1f -)/ 

(A~ p 7r-) +(A~ n7r0
) = 0.660. (This is %0 with d small phase 

space correction.) 

One should remember that these same predic·tions follow 

if 6I = % is also present, provided that 6I = % and % amplit';ldes 

are. in the ratio A.J/z = -2v2A~ 1 4
) 

A. pecay p~ame~ 

17) 
Using counters, Cork et al. hava measured up-down 

decay asymmetries for A -> p + 1f-, and for A -> n + 1f0
• The A were 

produced via 1f + + d -> K+ + A + p. The geometry vras the same in the 

two de terminations, so that the pola.riza tion of the A y;as the s arne. 

Thus they can cancel the factor pA. They find a A (n7T0 )/a A (p7T -) = 
pA aA(n7r0 )/pA aA (p7r-) = + 1.10:!: 0.27.· This is in agreement 

with the prediction 1. 00 of the 6I = ~ rule. 

B. :pec,£1-y parameter Y.o 

Determination of a gives S/P or P/S but does ·not tell 

whether S or P predominates. No direct measurements of a, P or 

y have yet been made, for A ~ n + 1f0 because of the difficulty of 

measuring the scattering asymmetry of the neutrons. By an in-

a.:~:.·vct method, Block et al. 
18

) have determined y, as follows. 

They measure R, the decay ra·ce for A He 4 
-> (all 7f

0 modes) divided 

by the decay rate for AHe 4 ~(all 7f- modes)$ and find R = 2.28 :!:. 
1 B) 

0.43. The spin of AHe 4 is believed to be zero • The decays 

He 4 ~(all 7r0 modes) are calculated by Dalitz and Liu19
) to be A , 

mostly via. the mode AHe 4 ~ 1f0 + He4 • This mode goes~~ through 

S-wa.ve (for spin zero A He 4
). Thus the numerator of n. is very 

sensitive to the ratio SO~ for A ~ n + 1T0
• 
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~ 

Using the known branchinG ratio r (mr0 )/r (p7T -b for free 

A decay~ an~ the lcnorm
11

) S/P ratio for A-> p + 11'-, t~{by ob~ain. 
the formula 

1
i,() R = 2.51 - 2. 06 ~/(S~ + P~) = 1.48 + .?. 03 y~ o 

Th · 1 ... : .... R. · P2 /(s 2 P2 ) o 11 +0• 21 h. h · · e~r resu vv:or ~~ves o o + o = • -O 11 , VI ~C ~S equ~-

+0.22 • 
valent to Yo = + 0.78 _

0
•
42

• They thus favour pi:'edominance of 

S-wave in A -> n + 11'0 
• 

c. Branching ratio B. 
11. 

~ _....,..._____.. 

15) 
Our result is the only new value reported • 

B - 0 685 + 0 017 by counting the charged decays. A -:- • - • ·' 

We find 

2o) 
For comparison we list values from the 1960 Rochostel-- Conference 

+ 0.08 Bat;lin et al. (counts neutrals).· 

0.65 ± Columbia group (counts charged). 

Crarvford eJG al~ 2 1 
) (counts charged). 

B A = 0. 65 ± 0. 05 Brown et al. (counts neutrals). 

There is no serious disag-reement among experimenters, nor 77ith the 

value 0.660 predicted by the ~I = ~ rule. 
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·1; 

\l ·; 

' f 
Tlt_is has been measured by obse:11ving the scfttoring 

asymmetry of~ the· decay proton in a spark chamberp by~ Deall ct· al. 1 1 
) 

Th bt . 0 78 + o. 08 (Tl . ,\. ey o a~n ao = + • _ 
0

_
09

• 1is ag-rees with theories in-

'!j 
l 

~'~ 

volving Global Syrmnetry, or Double·(; ApproximaJcion, i'rhich predict , 
f f~i" 

ao = - aA. See, for instance, Refs. 5, 6, 7.) The z+ were ,;;.'~'i 
produced by 1. 23 GeV/c 'iT+ in the reaction 7T+ + p -> z+ + I{+. 3~: 
The z+ pola.rizaJcion Vias s.mall, so that f3o and Yo were not measureablq?~t ! 
B. · .E + -> n + 1T +, de cay p~;;ter a+ . ttt.i: 

--~----~-~-·-··---~ '! 

Cork et al."~ 7 ) have moasuredboth z+ decay asymmetries 

in the same· geometry, in <:'..counter e?:CpOl'iment; and obtained 

a+ Pz+ = .0.03 ± 0.08, aopz+ = + 0.75 ± 0.17. Since the .E+ 

polarization is the srunG in each case, they can talce the ratio, 

cancelling p~+, to obtain a /a~. 
11) u + 

value of a 0 tl1oy {jet a· = + Oo 03 ± 0. 08. 
+ 

l:Iultiplying by the measured 

The reaction rias 

z+ + K+, as in case A, but at a louer momentum, 1.1.3 GeV/c. + 
1T- +P-? 

The polarization rms l~ge. 

C. .E- -+ n + 1l' , decay pru."'amcter a 

This quantity has resisted measurement Via up-dom'i 

asymmetry because of uncertainty as to the polarization of the 
- 22) - -.E • Franzini et al. found a p - = o. 01 ± 0.17, from .E 

- .E 
GeN/c, - + . :K_o produced by 11'. of 1. 23 in tho reaction 1T + d -> L; + p. 

The idea is to hope the impulse approximation uorks, so that tl1is 

reaction is essen·i;ially :r + n -> .E + ICC, and then to uso charge 

symmetry to say thaJc the E polarization is the same as in 
+ +. + 

1l' · + p -? .E + K at the same momentum. Tho trouble is that 

Beall et al. 
1 ~) and also Daltay et al. 

23
) find samll ,6+ polru."'iza-

·1 + + + . tion if any, at 1.23 Ge'.fJc> for 1T + p -> E + K • 
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Recently Tripp~ Watson and Ferro-Luzzi
24

) ~ve discov:ered 

a K-p resonance with mass 1520 :MeV, in the SJ~ate _D% r I+= o. The 

outgoing channels nrc about 60% E7T. Thus the Z and Z havo the 

same polarizt;~:l;ion. ·They find a large E+ decay asymmetry and thus 

a large Z:!: polarization. · They Jchcn find. a = + 0. 16 :!: 0. 2fz 
5 

) • 

'· 
Another determination of a ho.s been rec~ntly obtained 

2 6) 
by Nussbaun1 et al. using film from tho 72-inch deuterium cham-

\· 

ber associated-production run. They studied the reactions 

+ + d. -> a(+) = z+ K+ and 1T + + n, 

b (+) 
,. + 

+ Ko = E + p, 
.. ·· 

and the corresponding charge-symmetric (cs) reactions 

1T +d->a(-) =Z +K0 +p, and 

b(-) = z T1"+ + .l\. + n, 

using pions of 1.19 G-eV/c. 

There preliminary results are 

0.52 ± 0.41 forb(~), and 

a Pz- = + 0.27 ± 0.22 for a(-); + 0.17 ± 0.16 forb(~). 

Since CS guarantees Pz+ = Pz- for a, and also forb, we oan divide 

and obtain 

a_/a 0 = + 0.44:!: O.l.1-0 for a(±); - 0.33 ± 0.43 for b(::t), 

which average to 

a_/aa = + 0.05 :!: 0.30; or, using Jche knovm value 11
) of 

ao 1 v1e get 

a = + 0,04 ± 0.23. 
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Conseq\lences for the C!I = % rule 
:liouw..-..r~-· - - ~-.........-..~--~~ 

. The ·tr~~gle relationship 
2 7

) . that follows from the : C!I = 

~ule is, ,in the notation of Gell-Hann and Il.osenfe{d27
) s V2N0 + 

= N_, with N = S + P. The vectors N are real, by T-invariance., 

and since the final state 27) 
phase shifts are small • Therefore 

they can be represented as vectors in the S-P plane •. The Ii1agni-

tudes of the vecJGors are determined from th0 ·i:Ju~ee decay rates,. 

whicl~· are almost exactly equal27
' 

28
)' ;n. thin the errors. Using 

. . 

· ao 1 a· ~nd a from llofs. 11), 17) and 25), Tripp et n.l. cons·cruct Fig. 
+ -

6. The triangle relationship 

choice for the S-P ambiguity. 

is not well satisfied~ for either 

The inconsistency with the ~I = % 
rule is betvreen two and three standard deviations, for the '"closest 11 

choice. 

If ne average the value for a of Nussba.um et al. 
26

) with 

that of Tripp et al. 
25

) we find a = + ;.1 0 :t 0.16. This 11ill 

slightly increase the discrepancy with ~I = %, by reducing. the 
11 5 deg" of N_ in Fig. 6, to 3 deg. · 

It is clearly extremely important to determine the decay 

parameters a , a and especially a0 with greater accuracy. Even 
+ - . 

more informative vvould be the deterElination of y+, y_ and Yo, to 

give. the. S/P ratios. . From Fig. 6, the "worst" possibility rwuld 

correspond tq more than 3 std deviations ac;ainst Lli = % 
or' c.OtU';e·. i.f the L):I' = % rule does not hold it is even possibl:e 

+ + I 
. :!f':<ll:' E , ~ n t rr . ·and E-:- ...,) n +. 'IT. .to. b~cl~ bo ·pure S-wave, . or bot.h 

pure P-wave. 
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5. ~t!2.1l~ .. c .. (]J_j.ecay_,r~ • ..E.f ... Stral2~ j'~j,?;,.C,}-es ~d j;J~~lJ-}1-.~~~I_:;,_~ 
(L-decays), and ~S = ~~ ~~ 

~l 

;l 
~-

The following table lists ~s, ~Q, I ~II, ana ltH I for the ., z 
strongly interacting particles, in the decays to be,; discussed. L 

will stand for either a muon or an ele.ctron •. The :notation will not 
1 

distinguish between various kinds of neutrinos. t 

~-----~ 

Decay ·- ~s ~Q ~s/~Q C! ~II, I ~I I) z 

- (%, %) (%, %) E ~n + L + v +1 +1 +1 or 
'· 

E+ ~.n + L+ + v 
; 

+1 -1 -1 (%, %).only 
I 

K+ -!> 1To + 1+ + v -1 -1 +1 (%~ %) or e!;, %) 
Ko ~1T + 1+ + v -1 -1 +1 (%, :.%) or C% Y2) 

+ - (%' _31z) Ko ~1T + 1 + v -1 ·+1 -1 o~y .. 

j(o + - +1 (%, %) (%, %) ~1T + 1 + v +1 +1 or 

Ko - + +1 -1 -1 (%, %) only, -~>1T +1 + v 

A. 

A clear-cut example of this decay has very recenyly been 

found by Galtieri et al. 29 ). It satisfies ~S/tiQ =- 1. All.of 

the suggested interpretations alternative to the muonic deqay have 

been shown to be exceedingly unlikely. Onlythe 11philosophical11 

arguement 11 'l'here is only one evenJc 11 remains. 

. B. :f'_hree Body Leptonio De cay__s of' K~ and I<l 

(a) 
+ -r 

~I = % Rule and K~ ~ 1T- + 1 + v 

The absolute rate for K~ decaying into e +, e , J..L+ and J..L has 
. 30 31) 

been measured by Alexander, Al@e~da, and Crav~ord ' • 

They sum over all four decay modes, and obtain the total 
+ -1 

. 1 decay rate r2(1-) = 9.31 ± 2.49 X 106 
SBC 
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(b) 
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f 

Accor.~inG ·t:o the Lli =%rule, rz(1±) = 2rK+ (7r0 1~+v)'.::.:16~5···:b 
1.18 ~ 106 

Me -
1

• 'l'he dism.~epancy between the .fueasu..fi:';rii~~t 
and tl~~ prediction Gives 5 CX odds agains 6I = 1~~. It implies 

·~ .'<? 

that o4~ or both of' (% 1 %) anti (%, %) are l#esent. 
\ 

. + - . . +. ·-
6S = LlQ rtq~_ant.r1/& =.rufl....:::.~_rJIS.L:~F:_~:--1'1 

LlS = ~ D.Q ·is· a"Qsent,. ohe· ·has 

for 1 = J.l or e ~; .. " · . · · · 

have been the first ·bo suggest that the LlS = 
m <>· ±'· . ± .. ··+·7;5· 

. LlQ rule fails. J.:hey u.nd-:r1 (o )/rz(e ) = 11.9 -· r-:: •• 6• 
. . 3 0 3'1) + . ::> + 

Alexander, Almeida and Crav~ord ' find r1 (1-)/r 2 (L-) = 

6 6 + 6e 0 I . 1 . . . .._ C · ,.. ,, .~- 1 . 3 3.) • _ 
4 0 

• n an ear J.er experJ.men,.., rm"Vr oru. e,. a • 
. • + + + 3 9 
found r1 (1-)/rz (1-) .= 3.5 _ 

2
: 7" .(No priority .clai.ml·! 

This result was, a.nd. is, consistent. vrith unity:, and·Yvas so 

taken.) . This same e;periment3 3
) gi v~~ rz (1.±) = ·a. 5 ± 2~ 8 x 

. . . . + 
106 sec-1 if. one asstiriles r 1 ::: 9rz •. · ... It gives instead r2(1-) = 

20 4 + 7 • 2 1 o6 -
1 

• .o r r (Tl b · 1 J • ~ 6 x sec . J.I one assumes 1 = 2. · .J.e a so uce - ). + . . ' 
value rz (1-) obtained by Ale~ander !3t al. 

3 01 31
) does not 

depend on r1/rz.] 
. . ·. " .... ~ ..... :. .. . ·- ' 

The conclusion is that the AS =,.l!.Q rule is probably Vi/range 
.. . : ~ . . ". 
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1/ 0 3 4) b' 
n'rom the AI = /2. rule one pred~cts r2 ( +-Q) = 1. 032 X 

2r + (+00) = 2. 87 :t O. 23 x 106 sec -
1

• (SGe Ref. 30) fpr numbers.) 

Alexander, Almeida, and Crawford
30

'
31

) find r 2 (+-0) = 2.66 :t 
-1 . 

1.34 x 106 sec , in gpod agreemGnt, but based on only 4 events •. ·. 

If instead i'Te use the branching ratio r2 ( +-0) /r2 (all charged) of 

Luers et al. 
3 5

) [which is based on 55 decays into (+-0)], together 

with our absolute rate for r2(L:t) ne find30
'

31
) r 2 (+-0) = 1.44·± 

-1 
sec , which is smaller than the prediction by a fac- , . 

' ' 

; £. . ~ 
' 

j, .•• 

,c 
···\-· 

;,/\P.. 

. ; . :. 

tor of 2; it is 2.95 std deviations do~m from the prediction 

of the AI = % rule, and corresponds to about _100/1 odds. 

B·. ~ + 1To + rro = (.Q~O l 
From the AI = :fa rule one predicts

3 4
) r2 (000)= r ( +J-) - ·r (+CO) 

+ + . 
With phase space corrections and knovm K+ rates this prediction · 

becomes r2(ooo) = 1.565 r+ (++-) - 1.255 r+(+OO) = 5.55 :t 0~27 X 

1 06 sec -
1 

• .Anikina et al. 
3 6

) h§!:ve reported at this · conference 

the branching ratio r2(ooo)/r~(all charged)= 0.38 :t 0.07. ·If 
+ 

we combine their result nith the absolute rate r2(L-) of 

Alexander et al.
30

) we find
31

) r2(000) = 4.09 :t 1.38 x 106 sec-
1 

This result is just 1 std deviation bolm7 the predic-
:I 

tion, 5.55 x 106 sec-
1

, of the AI = % rule. To compare Anikina 

et al. 36
) and Luers et al. 35

) directly, no combine the t'.70 for- i 

mulas of Sanyer and Wali
3 4

) ~phase space cmd the moc.surod K+ ,brnnching ratibs 
.I . I 

to obtain the prediction of the ll.I = % rule (independent of the ! 
I 

admixture of the three possible I= 1 states), r2(ooo)/r2(+-0) = I 
(%)(++-)/(+00) -%-)> o. 76 (++-)/(+00) - 0.61 = 1.94 :t 0.21. 

The combined experiments give for this ratio the value· 0.38/0.134 = 

2.83 :t 0.64, nhich is 1.3 standard deviations· above the prediction. 
i 

In summary, from Luers et al. and Anikina et al. there· 

is a 1.3 std dev. discrepancy rri th ll.I = %; from Anikina e~t; al. 
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and Alexand0r et al. there is 1 std dev: 
l. 

these "add" f s'o that '·(; 
with Luers ~t al. and Alexander et al. 

disagreement \with the L'li = % rule. 

there is a·2.95 std dev. 
·!! 

C •.. K~ branching ra_lli B(I·cL 

,. 
' i' 

b 

The L'li = % rule predicts B(K~), = r (K~ ..,~ f1r" )ir (1.~) = 
%. · If one allows enough L'li = % to account for the existence 

or' IC+ ~ 1T+ ~ 7T0 then B(I~) should lie betvreen 0.29 ~nd 0.3827
). 

Three nev/ determinatio.ns have been reported at the conference; : 

that of' Chretien et aio 
37

), using a heavy;,.liquid bubble· chamber;' 

th~t of'. Brovm et al. 
3 6

) using a xenon bubble ~hamber; and our· 

value from the associated production experiment in the 72-inch 

hydrogen chamber 15
). For compa.rison we then list the value~ 

2o) 
reported at the 1960 Rochester Conference o 

B(IC~) E~eriihenter~ 

0.294 ± 0.021 c t" t l 37 ) Count neutrals. 'i re 1en e a • • . 
3a) ! 

0.329 ± o. 013. Brown et al. Count neutrals. 
15) i: 

0.260 ± 0.024 Anderson et al. . Count charged. i 

Oo32 ± 0.04 Crawford 
2 1) 

et al. . 10-inch H.B.C. Count charged 

0.30 ± 0 0 OJt- Brown et alo Xenon. Count. neutral. 

0.30 ± 0.08 Columbia. H.B.C. Count charged 

0.26 ± 0.06 Baglin et al. Count neutrals. 

No experiment disagrees vlith the prediction of L'li = %, 
except possibly that of Anderson et al. 

15 
), v1hose value lies :1.2 

std dev. below the supposed lower limit for the prediction •.•. The 

. disagreement between Anderson et al. and the (present) value ·of_ 

Brown et al. amounts to 2.5 std. dev. 

(·,., 
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The decays are K ~ w + L + v. 
!.+ 

K = I~ or K , and 

L = e or IJ• 

Only one of V and A (or S and P) can be p;resent, so 

the spectra have only the (pure) possibilities S, V and T. 

From the two four vectors of the K and rr one can form 

one scalar, two vectors (themselves, or linear combinations), and 

one tensor. Correspondingly there is one scalar form factor f
8

, 

two vector form factors fv and gV' and one tensor form factor fT. 

When Lis an electron the part of the spectrum containing·gV be-

comes unmeasureably small for kinematic reasons. 

muon fv and gv are both important. 

A •. + + 
~ · ~ w- + J:._ + v speqtl:'E! 

When L is a 

Luers et al. 3 5
) find from their Dali tz plot of K~ ·decays 

in the Brookhaven 20-inch H.B.C. that (a)T docs not fit; (b) either 

S or V fits if the form factors are allowed to be strongly energy 

dependent; (c) only V fits if the form factors are taken to be 

constant. V.fi ts well. 

B. K+ -l> rro + sEectrum + e + v 

Brown et 
39) 

al. , using a xenon B. C. find (a) T does not 

fit; (b) either S or V fits if the form factors can be strongly 

energy dependent; (c) only V fits for constant form factors, and 

it fits well. 

c. Branchinf?i ratio rt (rr0 H + v )/ ~ ).rr,.0 e~ vl 
Roe et al. 40

) find 0. 96 :!: 0.16 for this 1·atio. (Xenon 

B.C.). Suppose now that the theory is really V. (Test later.) 

Thee+ spectrum depends only on fv(e+), since the term in g~(e+) 
is negligible. Assume universality. This means fV(e +) = 
f v(JJ +). Then the branching ratio depends only on gv(JJ +)/fv(JJ +). 

There are two solutions, gv(JJ)/fv(JJ) = + 0.5 :!: 0.4 and- 4.~:!: 0.4, 
that will give the observed branching ratio. These two solutions 

predict different spectra forK+~ rr0 + JJ+ + v. Theorists much 

prefer the solution 0.,5 (see L. Be Okun 1 s Rapporteur discussion). 
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D. lr+ o + 
·" o9 'tr. + 4 + Jd~Ctrum, 

Dobbs . et· 1 41 ) l a • , ::tave 
1! .'~ 
\~ 

looked at the muon energy spectrum 
~~ 

·above 50 HeV, using a filamentary ·chamber plus image intensifier. 

· They. use emulsion data to normalize the counting ra;te below 50 liieV. 

They find that the spectrum corresponds to gv(P )/r .. ;/P) - ·4. 8, and 

not at all to + 0.5. 

! 42) 
Brovm et al. (xenon) hav<? now looked at' their spectrum .· • 

They find, under the assumption of constant form factors (which is 

.. , ... compatible with their data) (a) S does not fit; (b) .T is poor but 

.. qan fi~ (10% x2 probability);. (c) V fits well with gv(p)/fv(p) = 
+ 0.5, and poorly with ~ 4.8. They therefore disagree completely 

4' ) 
with Dobbs et al. ' • The ·~heorists are on tl1eir .side. Brovm 

et al. also analiza their data so as to simultaneously determine 
+ . + ' + 

fv(e), fv(P) and gv(p) from the e rate, the p rate, and the p 

· spectrum, yQ.*tho'}-t making ariy a priori assumption of universality. 

They find fv(p)/fv(e) = 1.09 :!:·0.15, in excellent agreement with 

uni~ersality. The spectrum can be seen: in their paper
42 

) .• 
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,I•' 

A. 
\ 4J) . 

Humphrey, et al. have searched hard fq} muonio hyperon 
~~· 

decays, and summarize the world 1 s 

table which Yve repeat here, The 

denominators, to·' construct a 

numerators are eq.:sy to summarize -

one decay A -> p+f.l + v of 
+ + E ~ n + f.l + v of Galtieri 

rule .• The same authors 

nic hyperonic decay 

with one exception. 

44) 
Eisler et al. , nnd. one decay 

et aL 
2 9

), in violat~on of the LlS = + LlQ 

have previously
45

) summarized electro-

i: 
' ~ l 

. ' 
j 

rates, and these are included in their table, 

That is the branching ratio R = r (A .:.> p + e

v)/r(A) = 0.85 ± 0.3 X 10-l reported to this conference by Ely et 

al. 
46

). Their value of R is based on 120 events. The error r :. 
i 

represents uncertainties in detection efficiency (heavy liquid B. C.)." ·! 

All rates are down by roughly a factor of 10 from the predictions 

of Feynman and Gell-Mann. 

47) Grimellini et al. report the first unambiguou~ case, 

in the Helium B. C. The "denominator 11 is not yet known. ;: 
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- + :. 9. K and K Branchil:]L_R~tios 
·.:: 

... A. 
4a) 

Becker et al have measured K branching ratios·, using 
,; 

decaying~in flight in the Helium B. C. Their results agree 
; 

with emulsion experiments, but when they average ·!;heir results 
I 

with emulsion results and com)are the grand average with the · " 
., ,. 
·'\ 

;r 

r 

\I 

xenon results of Roe et aL
40 

they find several std dev. dis

crepancy in the subdivision between K and K • We re}ilroduce :~~; : \ f 

1 \ • ' 

/12 7T2 

the. table .of Becker et al. The column ''present exp. 11 is the 

Helium B.C. result
46

). All of the other experiments summarized 

in this table are also summarized iri. Ref. 40). 

B. It is very important, in trying to understand the 

reported violation
3 0

) of the . .6.I ::: % rule for K ~ 1T + L + v, 

and for K ~ 31T, (discussed in the para. 5 and 6) to notice that 

as far as the ,d-bo~ K-decay modes are concerned;all of the 

experiments are in good agreement, with tho exception of Birge 

· · et al. In'·calculatinio) the-predictions of the .6.I =% rule, 

we arbitrariiy omitted the results of Birge et al. 

Branching Ratios· 07,")~-~ ~--~ 
I 1"""""---~.,....~-..~-~~~--~---· -~-----~ ~---1""'~~--. ~-~~ . ..--.."""i~~~~"""'"'-1 

Emulsion Exper~nents Average · Xenon 

r 

' 

1
1 

1--=-~ -,~-~----_J Emulsions I Chamber Present 1 I 
Decay Mode E . J · Bil·ge · 1\.lexander Taylor I + This I Roe et al.

1 

: . 

I 1 xnerJ.IDen c 1 · . 1 • et aL i e·c al. • et al. 1 Exp. · 
r-~....;,_~--11--~--'-1-----~-~-~-~----_::-~--~-~--l ' I I ' ' ----~--------:----r-· 

IK 156.8±3:5 j58.5±3.:0I56 •. ~:t2.6l 157.4±2.0 \64.2~:1.3 
1-' _P_2 -~...........,',......,.-~-~- I --1 I -~~~~-__ _ 

1
125.8 ± 3. 0 127.7 ± 2. 7 I 23.2:!:: 2.2 I 1

1
25.6 ± 1.5 . '! 18.6± o. 9 

I I I I . 

1<--.,;...;.--~....j--~--~-~--~-·------~-~~~~~~--· 

:1 I + I I + .. I + 

IK113 +Ke3+T :11.8±2.0 -~ 8.1±-~.o-~.2~-~_o_j~-~-1.0-_:_11.~~-~ 

I I ~ 6 o I 6 a· + o 4 : r. 2 + o 3 I r: 7 + ·o 2 I r. 7 ... o 3 
1 5. 7 ± o. 9 ! ~. ± .4 j _ _: - :___:_:_: __ :___:_~~-_:_.:_:_L_::~--·-
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r(K~) 
-10 

in 10 

- ?6.:-

sec Experimenters 
.;. 
''1 

; 

0.885 ± 0.025 

0.90 ± o.os 
G- ld .J. l 53) o en a L. a .• 

G-arfinlcel5 4 
) 

Berkeley • 
Columbia 

72-inch H.B.G. 
20-inch H.B.C. 

,. 
l 

1. 06 + o. 0·'3 
- o.o6· Eisler et al. Co.J_umbia 

1.15 + 0.4-0 
- 0.25 Blemenfeld et al. Columbia 

) 

J 

0.84- + 0.35 
0.19 Cooper et al. Juncfraujoch 

o. 81 + 0.23 
- 0.15 Brown e t al. I:Iichigan 

·J. 07 + 0.13 Boldt et al. 

0.94- '± 0.05 Crmvford ct al. 

IviiT 

Berkeley 10-inch H.G-.c • 

E. A-lifetime 

There is at present an East'-West-effect. This is shown 

in the ideogram. 

least in the West. 

It does not go· with long Vcrsu.s short chambers, at 

We obtain the sn:r.10 values with 10-inch, 15-

inch and 72-inch chambers. \~Te also sometimes obtain shorter mean 

lives tl~n is customary clserrherc (sec above K~ lifetimes). 

We have .not yet been able to discover ..-rhat is v.rrong with 

the Eastern A lifetimes. 

·.; 
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Figure Captions 

Longitudinal polarization of daughter from decay of 

~npolarized parent. The expressions in parenthesis 

gi:ve the decay probabilities • 

Velocities and spins of A, decay protons and.carbon 

scatterer, in determining aA. 

Behaviour of parent and daughter polarization under 

time reversal. 

Scattering analyis~of fi. 

Polarizations of A and proton in pure S-v;ave and pul"e 

P-wave A-decay. 

Possible failure of the ~I = ~ rule in E-decay. The 

tvvo representations of the amplitude No o orre spend to 

the present ambiguity for the S/P ratios in the three 

decays. 

Ideogram of 14 experiments on the· mean life of lambda. 
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Experiment 

. . {M •. Kreisler & .J. Cronin, CERN, 1962_, 
~ Th1s expt. not mcluded in ideogram 
. .. (received later) .. ··· ~ _. 

. -
.. -.· . ..--·· . . 

~ Golden et ~· (LRL), CERN, 1962 

Number 
of Events 

2250 

2483. 

~ Auman et al._ (Northwestern) CERN, 1962 1800 

~ Murray et al. (K72, LRL, unpubl.) 2500 

<J- W. E. Humphrey (LRL ), Thesis, 1962 799 

~ A. F. Garfinkel, Nevis 104, 1962 900 

<lt- j, P. Berge (LRL ), Thesis, 1962 920 

~ Columbia, Pisa, Bologna, CERN 1958. 

~ Crawfordetal., 1958, U.C.R.L. 8030 825 

~ Boldt, Caldwell. Pal, ·P:R~··Lett. b _148 (1958) 

. ~ . Michigan, CERN; 1958 
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Hyperon Muonic Decays. 
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. a 
Electronic decay values 
(Li~ted for comparison} 

Branching Fractions, f(o/o) 
' ·· .. ·· .. · .... -. ·. b 

Predicted by Feyman and Gell-Mann , fFGM 

Experimental, published to date, f 
exp 

1. 

2.. 

3. f(p.) expected by scaling f(e) data proportionally 
to phase space 

4. 

5. 

f(p.) reported in this note 

All available data g 

Detection Efficiency (%) 

6. By scanning only 

7. On measured events 

a See reference 2. 

b See f l d 7 re erences an . 

... -·--

:E ,... 

2.5 

<:0. 2.d 

0.05 

0.065 

<0.05 

19 

2.0 

1.01 c 

0.3d,e 

0.04 

0.15 

0.1 

19>(2. i 

20X2.i 

0.3 

o; 1 d,f 

0.04 

0.05 

0.03 

j 
30xl 

40Xij 
2 

:E-e-. :E + e + A e 

5.6 2.3c 

see row {5) 

h 
0.1 <0. 1 

2.8 2X28 

33 2X33 

1.6 

70 

c F h LI ..,..+"+ d..,..+ + d f 1 b r· d t b f b.dd b th rom p ase space. L- owever, "-' r an "-' e ecays were or mer y e 1eve o e or 1 en y e 
L::S = 6.0 rule. 

d Survey by D. A. Glaser, in the Proceedings of the Ninth Annual Conference on High-Energy Physics, Kiev, 
1959 (Academy of Sciences, Moscow, 1960}, p. 260. 

e Barbaro-Galtieri etaL 4 

f Eisler et al. See reference 4. ,.~.,""'"~·--., ,. 

g These fractions represent only the samples known to us, and especially examined for muonic decays. In 
other experiments comparable -numbers of hyperons have been found. Since no uniforn1 procedures were 
used, efficiences for finding such events are hard to evaluate, so these experiments were not included in 
'this summary. ·· · 

h In addition to the 2:- e- a:nd Ae- events reported in (2), Bhowmik et al. report one :E e and two .Ae +events. 
in a small sample of h)'peron decays (Nuovo cimento 21, 567 ·and 1066 (1961). 

i The factor 2 ~s- _d\le to the 2:+.:...- p +rr0 decay modewhic~-~vill not be c~f\h~ie'tt.~wgh L+-"' n+p.+ + v. 

j The factor 3/2 corr~-ct~ fbr--tl~~ ~~ut;ai. de-~~y ~ode oftl1~ normal A decay. .r· 
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