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A 

I. INTRODUCTION 

I t  i s  t h e  aim of t h e s e  t h r e e  l e c t u r e s  t o  summarize t h e  

p r e s e n t  experimental  knowledge concerning t h e  decays of  t h e  

s t r a n g e  p a r t i c l e s .  L i f e t imes  and branching r a t i o s  of t h e  heavy 

mesons a r e  t a b u l a t e d  i n  Table I and those  of t h e  hyperons i n  

Table  11. 

I t  i s  w e l l  known, t h a t  a l though t h e  u n i v e r s a l  "V-A" t heo ry  

g i v e s  a good d e s c r i p t i o n  of what we p r e s e n t l y  know of t h e  weak 

i n t e r a c t i o n s  of non-strange p a r t i c l e s ,  no such s imple model 

e x i s t s  f o r  t h e  decays of s t r a n g e  p a r t i c l e s .  The s i t u a t i o n  i s  

more complex f o r  s e v e r a l  r easons ,  one of them be ing  t h e  e x i s -  

tence of decays which do no t  involve  l e p t o n s  and n e u t r i n o s ,  

t h e  so -ca l l ed  non-leptonic  decays.  Neve r the l e s s ,  s u b s t a n t i a l  

r e g u l a r i t i e s  a r e  emerging; among those  t h e  fo l lowing  can b e  

l i s t e d :  

1) IASl s 1 . This  r u l e  f o r b i d s  decays such a s  

Z -, N + TT , which a r e  no t  observed. I t  i s  a l s o  l i nked  

i n  c e r t a i n  t h e o r e t i c a l  models w i th  t h e  mass d i f f e r e n c e s  

of t h e  K1 and K2 . 0 0 

2 )  AS = AQ . This  r u l e  s t a t e s  t h a t  t h e  change i n  

s t r angeness  of t h e  s t r o n g l y  i n t e r a c t i n g  p a r t i c l e s  i n  

decays which involve  a s t r angeness  change should b e  equal  

t o  t h e  change i n  e l e c t r i c  charge.  The r u l e ,  f o r  i n s t a n c e ,  

. 
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+ + 
f o r b i d s  t h e  decay C + n + L + v , whereas t h e  decay 

2- + n + L- + 'i; i s  allowed. 

3 )  The l e p t o n  c u r r e n t  i n  l e p t o n i c  decays h a s  t h e  same 

form as i n  t h e  u n i v e r s a l  t heo ry  of p and IJ. decay: 

JL = u y (1 + y5)uv  . 
t h a t  t h e  s t r o n g  c u r r e n t  i n  t h e s e  decays must t ransform 

This  r u l e  h a s  t h e  consequences 
L Y  P 

a s  a v e c t o r  o r  pseudovector ,  and must be t h e  same f o r  

muon and e l e c t r o n  decays.  

4) A I  = 1 / 2  . This  r u l e  s t a t e s  t h a t  t h e  change i n  t h e  

i s o t o p i c  s p i n  of the s t r o n g l y  i n t e r a c t i n g  p a r t i c l e s  i n  

a decay is one-half .  A l t e r n a t i v e l y ,  it can be s t a t e d  

a s  fo l lows:  I s o t o p i c  s p i n  i n  a decay invo lv ing  s t r ange -  

nes s  change i s  conserved,  i f  it i s  p o s t u l a t e d  t h a t  a 

p a r t i c l e  of z e r o  mass, s p i n  and momentum, and i s o t o p i c  

s p i n  1 / 2  is absorbed by t h e  decaying p a r t i c l e .  Examples 

of t h e  p r e d i c t i o n  of t h e  A I  = 1 / 2  r u l e  a re :  

(non- lep tonic)  , 

(b) C+ + e+ + n + Y i s  forb idden  ( l e p t o n i c )  . 

It  is  noted t h a t  t h e o r e t i c a l  models which inco rpora t e  the  

A I  = 1 / 2  r u l e  f o r  l e p t o n i c  decays,  do n o t  n e c e s s a r i l y  

have t h i s  p r o p e r t y  f o r  non-leptonic  decays,  and v i c e  v e r s a .  

I t  seems, t h e r e f o r e ,  important  t o  check t h i s  ques t ion  

exper imenta l ly  s e p a r a t e l y  f o r  t h e  two types  of decay. 
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5) A " u n i v e r s a l "  model based on Su3 and c e r t a i n  o t h e r  

assumptions h a s  been proposed by Cabiljbo.'* It  relates  

t h e  s t r a n g e n e s s  changing l e p t o n i c  decays t o  t h e  neut ron  

and p ion  decays,  and seems t o  be i n  s u b s t a n t i a l  agreement 

w i t h  the a l t o g e t h e r  t o o  s p a r s e  d a t a .  

I n  t h e  fo l lowing  w e  present t h e  exper imenta l  d a t a  a g a i n s t  

t h i s  t h e o r e t i c a l  background. 

11. K-MESON DECAYS 

A. General Discuss ion  

The K's f o r m  two s p i n  z e r o  doub le t s :  
- 

K+ , KO ; S = +1; e o ,  K : S = - 1  

It fo l lows  f r o m  t h e  CPT theorem t h a t  t h e  K+ and K- decay r a t e s  

are e q u a l ,  and w e  w i l l  n o t  t r e a t  t h e s e  decays s e p a r a t e l y .  The 

K and Eo r e q u i r e  some d i s c u s s i o n .  These n e u t r a l  p a r t i c l e s  0 

cannot  be expected t o  decay independent ly ,  b u t  mus t  be expected 

t o  be mixed by the decay Hamiltonian, a s  f i rs t  po in ted  ou t  by 

Gell-Mann and Pa i s .35  There w i l l  be two s t a t e s ,  K1 and K2 , 

mixtures  of KO and go, w h i c h  d i a g o n a l i z e  t h e  Hamiltonian. 

There i s  good reason  t o  b e l i e v e  t h a t  t h e  weak i n t e r a c t i o n  con- 

s e r v e s  C . P .  , and i n  t h i s  case t h e  proper  mixtures  a r e  easy t o  

0 0 

* 
* 0 

I f  C.P. i s  conserved,  then  t h e  K2 

forb idden .  It h a s  j u s t  been shown very  convincingly by J . H .  

decay t o  two p ions  i s  

C h r i s t e n s e n ,  J.W.Cronin, V.L.Fitch,  and R.Turlay, Phys. 
0 

Rev. Letters 13, 138 (1964) t h a t  the long l ived  K1 has 

a sma l l ,  b u t  nonzero,branching r a t i o  t o  two p ions  

0.002 . T h i s  corresponds t o  a C . P .  r2(7r+7r-) 
r2( a l l  decays) 

v i o l a t i o n  i n  K decay of t h e  o rde r  of 2 p a r t s  i n  one thousand 

i n  ampli tude.  The v i o l a t i o n  of C . P .  i s  of fundamental 

0 
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find, since they must conserve C.P. They are: 

o - -  (KO + Eo) 
K1 - d 2  

K2O (KO + Eo) 

CP = +1 

CP = -1 
0 
1 These decay exponentially, so that the time dependence of K 

amplitudes can be written: 0 
K2 

0 0 -r1t/2 

0 
-r2t/2 

K1 (t) = K1 (ole 

K20(t) = K2 (o)e 

The time dependence of amplitudes initially KO or Eo is then: 
7 

-r1t/2 -r2t/2 I 

- K20(o)e i 
1 EO(t) = 

0 0 The decay rates of K1 and K2 into the various channels 
0 are in general unequal. The lifetime of the K1 is 

(0.87*0.02) x 10 sec, that of the K2 

The decay into two pions, which is dominant by a factor of 

-10 0 40 is 5.4 x lO-*sec. 

0 0 decay, is forbidden by C.P. invariance to the K 2 l  -500 in K1 

and this is the reason for the long lifetime of the K2 . 0 The 

experimental test for C.P. invariance is more sensitive than 

importance in the understanding of the weak interaction, 
but the observed violation is not large enough to invalidate 
the arguments presented in the following for experiments 
of presently obtainable accuracy. 

Q 
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0 
t h i s .  

t w o  p i o n s  is  less than  1 / 2  % ( A .  M i ~ h e l l i n i ~ ~ ,  Luers e t  a14’), 

so t h a t  r2(r+?r-) / rl(r r ) < 

page 3 k .  

It is  known t h a t  t h e  branching r a t i o  of t h e  K2 t o  

+ -  (See ,  however, no te  on 

W e  have expe r imen ta l ly  

rl(r + -  r ) + rl(r 0 0  r ) = (1.11 * 0.05) x 10 10 sec -1 

+ -  0 0  r p  7~ ) / rl(T T ) = 2.33 f 0.07 a 

+ -  7 -1 b r+m 7 = 1 . 5  x 10 s e c  

+ The K decay ra te  t o  two p ions  is  lower by a f a c t o r  of 

approximately 700 than  t h e  KO two p ion  decay. 

mental  f a c t  prompted t h e  p o s t u l a t e  of t h e  A I  = 1 /2  r u l e  

(Pais5’).  The A I  = 1 / 2  p r e d i c t i o n s  a r e ,  remembering t h a t  

t h e  t w o  p ions  must be i n  an S s ta te  because t h e  K s p i n  i s  

This  expe r i -  

z e r o  and t h a t  t h e  i s o t o p i c  s p i n  of t h e  two p ions  must t h e r e f o r e  

be even, and because of t h e  A I  = 1 / 2  r u l e ,  equa l  t o  zero: 

+ -  0 0  rl(r 7 ) / rl(r 7 ~ -  ) = 2.00 

+ The l a r g e  suppres s ion  of t h e  K decay can then  be understood 

i n  t e r m s  of t h e  approximate v a l i d i t y  of t h e  A I  = 1 / 2  r u l e ,  

a Experimental  r e s u l t s  on t h i s  r a t i o  have been summarized 

by Chre t i en  e t  a 1  . 22 

3 51 Alexander e t  a l ,  Birge e t  a l l ?  Roe e t  a1  . 
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and the non-zero r a t e  a s  a v i o l a t i o n  of the r u l e  t o  the 

e x t e n t  of an admixture of AI = 3/2 and 5/2 of t h e  o rde r  of 

5% i n  ampli tude.  This amount of admixture can a l s o  y i e l d  

t h e  s m a l l  d e v i a t i o n  of t h e  exper imenta l  rl(7r 7r ) / rl(?J 7r ) 

r a t i o  from t h e  expected r a t i o .  The magnitude of t h e  v i o l a t i o n  

seems t o  be t o o  l a r g e  t o  be unders tandable  as an e l e c t r o -  

magnetic e f f e c t .  

+ -  0 0  

C .  K + - p + + V  and K + - e + + V  

1. R e l a t i v e  Rates  and t h e  Form of t h e  Lepton Curren t  

The K+ -, p+ -k V decay accounts  f o r  65% of charged K decay. 

The e l e c t r o n  decay has  n o t  y e t  been found, b u t  i s  a t  any r a t e  

weak: r+(e v) / r + ( p  v)  < ) .005 . The weakness of t h e  e l e c t r o n  

decay f i n d s  i t s  p a r a l l e l  i n  7r-decay. The p ion -e l ec t ron  decay 

i s  found t o  be  10 ,000  t i m e s  weaker than  t h e  pion-muon decay, 

and t h e  r e l a t i v e  r a t e s  a r e  a c c u r a t e l y  given by a l e p t o n  c u r r e n t  

+ + 

of t h e  form u v (1 + v 5 ) u v  , which b r i n g s  wi th  it a f a c t o r  

mL/rnT i n  t h e  ampli tude.  Presumably t h i s  i s  also t h e  explana- 

t i o n  i n  t h e  case  of t h e  kaon. The argument provides  t h e  most 

L P  

s e n s i t i v e  t e s t  p r e s e n t l y  a v a i l a b l e  i n  s t r a n g e  p a r t i c e l  decay 

f o r  t h e  absence of s c a l a r ,  pseudosca lar  and t e n s o r  l ep ton  c u r r e n t s .  

2 .  P o l a r i z a t i o n  of t h e  Muon 

The h e l i c i t y  of t h e  muon i n  K+ decay must  be t h e  same as 

t h a t  i n  p ion  decay, i f  l e p t o n s  a r e  conserved. This i s  i n  

agreement wi th  t h e  experiment of Coombes e t  a1  . 24 
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D. K + 3T 

* 
W e  concern ou r se lves  w i t h  t h e  f o u r  r e a c t i o n s :  

React i o n  

+ - +  
+ o o  

a) K + + T T T  

b) K + - + T T T  

0 + - 0  

0 0 0 0  

c) K 2 + T T T  

d) K 2 4 T r r  

R e l a t i v e  Phase 

Space 

1.000 

1.244 

1.284 

1.566 

For each r e a c t i o n  a d i s t r i b u t i o n  i n  t w o  independent v a r i a b l e s  

( t w o  outgoing e n e r g i e s ,  t w o  angles  connect ing outgoing t r a c k s ,  

e tc . )  can be t a b u l a t e d .  Study of r e a c t i o n  (a )  and t h e  

a n a l y s i s  of D a l i t z 2 8  l e d  t o  t h e  conclus ion  t h a t  t h e  K 

zero s p i n  and odd p a r i t y ,  and t o g e t h e r  w i th  t h e  K + 2n decay 

+ 
has  

+ 

which,with z e r o  sp in ,must  have even p a r i t y ,  l e d  t o  t h e  

q u e s t i o n  of t h e  conse rva t ion  of p a r i t y .  A t  p r e s e n t , i n t e r e s t  

c e n t e r s  on t h e  v a l i d i t y  of t h e  A I  = 1 / 2  r u l e  i n  r e l a t i n g  

processes (a )  - (d )  . 
The f i n a l  s t a t e  has  many isotopic  p o s s i b i l i t i e s  and the 

a n a l y s i s  i s  by  no means t r i v i a l .  Note, f o r  example, t h a t  

t h r e e  d i f f e r e n t  s t a t e  of i s o t o p i c  s p i n  1 are p o s s i b l e .  The 

* 0 

be s m a l l  i f  C P  i n v a r i a n c e  i s  v a l i d ,  s i n c e  t h e  decay is 

The decay ra te  of t h e  K1 i n t o  t h r e e  p ions  is  expected t o  

forb idden  i n t o  p ions  of z e r o  r e l a t i v e  angular  momentum and 

t h e  barriers f o r  t h e  h ighe r  angular  momentum s t a t e s  are 

expected t o  be l a r g e .  This decay has  n o t  been found 

exper imenta l ly .  

. .. 
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53 main arguments are due t o  Dalitz29, Sawyer and Wali 

Weinberg". 

A I  = 1 / 2  (and i n  cer ta in  cases additional assumptions about 

the f i n a l  s t a t e  interact ions)  are: 

, and 

The relationships fo r  the t o t a l  r a t e s ,  based on 

We have writ ten a lower case y €or the square of the matrix 

element, or the r a t e s  divided by phase space, since phase 

space varies appreciably from reaction t o  reaction. 

I n  addition, as Weinberg" has shown, l inear  relationships 

of the form 

w(T)dT = ( 1 + p - )  @ (T)d t  ( 1) "k 
for  the energy spectra can be expected. Here T i s  the k ine t ic  

energy of one of the pions, Q i s  the t o t a l  k ine t ic  energy 

available t o  the pion system and @(T) is  phase space. The 

following relationships for  the p coeff ic ients  can be 

expected i f  A I  = 1/2 :  

j )  ~ ~ ~ ( 0 0 0 )  = 0 

The superscript  i s  the charge of the pion. 
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I n  Table 111, the observed r a t e s ,  a s  w e l l  a s  t h e  r a t e s  

d iv ided  by t h e  r e l a t i v e  phase space f a c t o r  a r e  g iven .  The 

r e s u l t s  f o r  r e l a t i o n s  ( e ) ,  ( f ) ,  ( 9 )  a r e  g iven  i n  T a b l e  I V .  

R e l a t i o n s  ( f )  and (9) a r e  i n  good agreement w i t h  t h e  e x p e r i -  

ment, and r e l a t i o n s h i p  (e)  i s  i n  e r r o r  by two s t a n d a r d  

d e v i a t i o n s .  

The exper imenta l  d a t a  on t h e  energy spectrum a r e  t h e  

fo l lowing:  a l l  experiments  a t  p r e s e n t  can be adequate ly  

analyzed i n  t e r m s  of the l i n e a r  r e l a t i o n  (1). A s  examples, 

w e  show i n  F i g .  1 the  r e s u l t s  of Ferro-Luzzi e t  a1 , and 

i n  F i g .  2 t hose  of Kalmus e t  a141. 

3 3  

The c o e f f i c i e n t s  a r e  

g iven  i n  Table V.  

I t  can be seen  t h a t  bo th  r e l a t i o n s  (h)  and (i) are 

c o n s i s t e n t  w i t h  the d a t a .  N o  d a t a  e x i s t  f o r  r e l a t i o n  ( j ) ,  

b u t  t h i s  r e l a t i o n s  fo l lows  i n  any case  from t h e  i d e n t i t y  of 

t h e  p i o n s .  

E .  Leptonic  Decays, the K1 - K M a s s  D i f f e rence  

and OS = GQ 
2 

1. Formulation 

I f  GS = AQ , t h e  t r a n s i t i o n s  
- 

a) K O - T + L + + V  

b) Eo - T+ + L- + V 

amplitude = 1 
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are allowed w h i l e  the t r a n s i t i o n s  

amplitude = x 

are forb idden .  W e  assume C P  i n v a r i a n c e ,  so  t h a t  x i s  rea l .  

If AS = AQ , x = 0.  The t i m e  d i s t r i b u t i o n  of L f decays,  
g iven  a beam i n i t i a l l y  composed on ly  of K 0 , w i l l  then be: 

0 -r2t -(r1+r2) v 
cos ( A m t ) e  

( 1 - x )  
+ e  + 2  4 

( 2) 

where l?2L i s  the t r a n s i t i o n  p r o b a b i l i t y  f o r  K2 l e p t o n  decay, 

No i s  the t o t a l  Eo f l u x  and Am is the  mass d i f f e rence  between 

K1 and K2. 

t e r m  r e v e r s e s .  I f  the beam i s  i n i t i a l l y  an incohe ren t  equal  

mixture  of the two, the  i n t e r f e r e n c e  t e r m  con ta in ing  Am drops 

o u t .  

I f  the b e a m  i s  i n i t i a l l y  Eo, the  s i g n  of t he  Am 

2 .  Mass Di f f e rence  - 
T h e  s t r o n g  and e l ec t romagne t i c  i n t e r a c t i o n s ,  because 

they  conserve s t r a n g e n e s s ,  cannot produce a d i f f e r e n e  i n  the 

K1 and K2 masses. However, t h e  weak i n t e r a c t i o n  has  non- 0 0 1 

vanish ing  ma t r ix  e lements  connect ing the  K 0 and Eo, and t h i s  
b 

r e s u l t s  i n  t he  mixing which has a l r e a d y  been dixcussed.  It  

Q 
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a l s o  r e s u l t s  i n  a removal o f  t h e  mass degeneracy. The t r a n s i -  

t i o n  K + n i s  o f  t h e  type  /AS/ = 2 .  I f  such t r a n s i t i o n s  a r e  

al lowed,  t h e  m a s s  d i f f e r e n c e  i s  expected t o  be o f  o r d e r  of  mag- 

n i t u d e  Ail? - G% _- 1 0  sec . T h i s  i s  a v e r y  l a r g e  m a s s  d i f f e r e n c e  

and i s  n o t  observed.  Such t e r m s  would a l so  produce t h e  t r a n s i t i o n  

0 -' ,o 

N 3 - 1 9  -1 

3 4 - j  Pi + TT . I f  such t e r m s  are  absen t  t h e  p r o c e s s  i s  expected t o  

be o f  second o r d e r  i n  G ,  and t h e  m a s s  d i f f e r e n c e  may be expected 
- 2 5 -  11 -1 t o  be o f  t he  o r d e r  o f  A m  - G "k -- 1 0  sec . This  i s  comparable 

t o  t h e  K10 decay r a t e  rl. It i s  customary t o  e x p r e s s  ALII i n  

u n i t s  o f  rl. 
The m a s s  d i f f e r e n c e  h a s  been observed i n  experiments  on t h e  

0 " regene ra t ion"  o f  K1 

b y  a beam of  K 2  . 

sen  e t  a123) 

e t  a137, l A m i / r l  = 0.84 rt 0.25. 

dependence o f  Eo t ype  i n t e r a c t i o n s  (hyperon p roduc t ion )  of  n e u t r a l  

K ' s  produced i n  charge  exchange c o l l i s i o n s  of a K beam, and 

mesons i n  t h e  t r a v e r s a l  of dense ma te r i a l  

The most r e c e n t  r e s u l t  of  t h i s  t ype  (Chr i s t en -  0 

i s  i n  agreement w i t h  t h e  e a r l i e r  r e s u l t s  of Good 

Camerini e t  a121 s tudy  t h e  t i m e  

+ 
0 t h e r e f o r e ,  i n i t i a l l y  K . The KO's a re  produced, and t h e  i n t e r -  

a c t i o n s  observed i n  t h e  heavy l i q u i d  bubble chamber. The t i m e  

dependence i s  expected t o  be of t h e  form ( 2 )  w i t h  x = 0 and t h e  

minus s i g n .  On t h e  b a s i s  of 1 2 2  i n t e r a c t i o n s  it i s  found t h a t  

j A I - ~ ~ / r ' l  = 1 . 9  f 0 . 3  . 
l e p t o n i c  decays desc r ibed  b y  form ( 3 ) ,  and make t h e  assumption 

Aubert  e t  a15 u s e  t h e  t i m e  d i s t r i b u t i o n  of 

(confirmed by experiment a s  w i l l  be d e t a i l e d )  t h a t  AS A Q  and,  

t h e r e f o r e ,  t h a t  x = 0.  T h e  KO mesons a re  produced, aga in  i n  

t h e  heavy l i q u i d  bubb le  chamber, i n  K -nucleus c o l l i s i o n s .  + 

On t h e  bas i s  o f  102 observed e l e c t r o n  and p o s i t r o n  decays,  

it i s  concluded t h a t  J A m l / r l  = 0.78 ir 0.2 . There seems t o  
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be a convergence of t h e  r e s u l t s  t o  a va lue  of Am/r between 1 
0 . 5  and 1. I n  any c a s e ,  a l l  experiments  agree  on t h e  i m -  

p o r t a n t  p o i n t  t h a t  t h e  m a s s  d i f f e r e n c e  i s  of t h e  o rde r  of t h e  

K1 
c u r r e n t s .  

0 decay r a t e ,  and t h a t  t h e r e  i s  no evidence f o r  I A S  I > 1 

3 .  A S  = AQ 

I f  t h e  K beam i s  an incohe ren t  mixture  of KO and Eo, as 

i s  t h e  u s u a l  experimental  s i t u a t i o n ,  and t h e  t i m e  d i s t r i b u t i o n  

of l e p t o n i c  decays of e i t h e r  l e p t o n  charge i s  measured, w e  

see from (2) t h a t  t h e  i n t e r f e r e n c e  t e r m  cance l s  and w e  f i n d :  

The expected t i m e  d i s t r i b u t i o n  i s  t h e  sum of two exponen t i a l s  

w i th  K1 and K2 l i f e t i m e .  The i n i t i a l  decay r a t e  i s  l a r g e r  
- 

0 0 

, 

by t h e  f a c t o r  (z>" +1 than  t h a t  f o r  i n t e rmed ia t e  t i m e s  

<< t << T~ . I f  A S  = AQ, a = (Ey = 1 . The d i s t r i -  5 
b u t i o n  (4)  has  been s t u d i e d  by E;y e t  a132 i n  t h e  heavy 

l i q u e d  chamber. KO's a r e  produced i n  K + nucleus c o l l i s i o n s  + 

and decays producing e l e c t r o n s  o r  p o s i t r o n s  observed by i n -  

s p e c t i o n  hn t h e  b a s i s  of t h e  c h a r a c t e r i s t i c  behavfor  of s l o w  

e l e c t r o n s  i n  the heavy l i q u i d  chamber. A l a r g e  excess  i n  t h e  

i n i t i a l  decay ra te  i s  observed on the b a s i s  of 28 e v e n t s ,  

corresponding t o  a = 1 2  k 6 . T h e  p r o b a b i l i t y  t h a t  t h e  
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exper imenta l  r e s u l t  i s  compatible  wi th  AS = AQ i s  g iven  as 

less than  1%. This  h a s  spu r red  o t h e r  a t t empt s  t o  confirm 

the r e s u l t .  The Columbia-Rutgers group (Ki r sch  e t  a1 ) 

produces n e u t r a l  K mesons i n  t h e  a n n i h i l a t i o n  of a n t i p r o t o n s  

i n  t h e  l i q u e d  hydrogen bubble  chamber. A l l  V's are measured 

and l e p t o n i c  decays s e l e c t e d  k i n e m a t i c a l l y .  This  technique  

r e q u i r e s  much more measurement, s i n c e  the l e p t o n i c  decays 

42 

account  fo r  on ly  1% of t h e  observed K decays,  b u t  it has  

some s u b s t a n t i a l  advantages.  On t h e  basis of 45 l e p t o n i c  

decays it i s  concluded tha t  t h e  t i m e  d i s t r i b u t i o n  i s  c l o s e l y  

t h a t  expected on t h e  basis of AS = A Q  (see F ig .  3 ) .  A 

best  f i t  t o  (3 )  y i e l d s  a = 0 .85  -o .85  , i n  disagreement  

w i t h  t h e  ea r l i e r  r e s u l t .  An  experiment u s ing  e s s e n t i a l l y  

t h e  same technique  as Ely e t  a132, b u t  more e x t e n s i v e  and 

d i f f e r i n g  somewhat i n  t h e  s e l e c t i o n  c r i t e r i a  f o r  t h e  even t s  

(Aubert  e t  a1 ) g i v e s  a r e s u l t  a l s o  i n  agreement wi th  

+ 1 . 7  

5 

AS = AQ on t h e  basis of 1 0 2  l e p t o n i c  decays.  A bes t  f i t  
+1.2 y i e l d s  a = 1 .3  -o.7 . 

4.  Dynamics of K-meson Leptonic  Decay 

(a )  General Form. Assuming t h a t  the l e p t o n  c u r r e n t  i s  

loca l ,  t h e  mat r ix  element i s  of t h e  form 



-14- 

w i t h  t h e  i n t e r a c t i o n  F.O. of t h e  form 
3 3  

2 
S c a l a r  mkfs(q 1 

Vector  i [f+ 2 1 

c -l 

q i s  the momentum t r a n s f e r  t o  t h e  l e p t o n s .  q = Pk - P-,, . 

I n  t h e  v e c t o r  case ,  t h e r e  are two independent t e r m s .  I t  

should be noted t h a t  t h e  t e r m  i n  f ,  can ,  w i t h  a simple t r a n s -  
(1+Y5) - 

L 

2 - 
uV 

format ion ,  be p u t  i n t o  t h e  form G f 2 ( q  mL uL ~2 
T h e n  the  vector 2 I t  has b e c o m e  usual t o  w r i t e  s(q ) = f /f 

matr ix  element becomes: 

2 1 '  

-J 

I n  the case  of the e l e c t r o n  t h e  s 2  t e r m  i s  n e g l i g i b l e  because 

of the smal lness  of the e l e c t r o n  m a s s .  I n  the case  of the  

muon, the exper imenta l  problem becomes t h a t  of determining 

(b) K + e  + V + T .  The  exper imenta l  d a t a  i n d i c a t e  t h a t  

the i n t e r a c t i o n  form i s  v e c t o r ,  w i t h  a form f a c t o r  which i s  

n e a r l y  c o n s t a n t .  I n  the experiment of L u e r s  e t  a145, 153 

-+ e* + -,,* + V e v e n t s  i n  t h e  H2 bubble chamber w e r e  analyzed 0 
K2 c 

and found t o  be incompatible  w i t h  a pure t e n s o r  i n t e r a c t i o n ,  

compatible w i t h  a s c a l a r  i n t e r a c t i o n  only  i f  t h e  form f a c t o r  

is  assumed t o  vary  by a f a c t o r  g r e a t e r  than t e n  over the  smal l  

Q 
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range i n  momentum t r a n s f e r  of t h e  decay,  b u t  compat ible  w i t h  

v e c t o r  w i t h  c o n s t a n t  f l  . Brown e t  a1 1 7  , and Jensen 39 
+ analyze  K decays i n  t h e  Xenon bubble  chamber. The informat ion  

i n  each even t  c o n s i s t s  c h i e f l y  of t h e  emission ang le s  of t h e  

t w o  photons from TO decay and t h e  e l e c t r o n .  I t  i s  found, on 
+ t h e  basis of - 400 Ke3 decays,  p e r m i t t i n g  t h e  form f a c t o r  t o  

v a r y  t o  g i v e  t h e  best p o s s i b l e  f i t ,  t h a t  t h e  d a t a  can f i t  

a pure  v e c t o r  i n t e r a c t i o n  w i t h  50% p r o b a b i l i t y ,  b u t  t h a t  t h e  

best t e n s o r  and scalar f i t s  have p r o b a b i l i t i e s  of less than  

0.1%. 

t h e  case of c o n s t a n t  form f a c t o r  i s  given i n  F ig .  4 .  

The comparison of d a t a  f o r  t h e  7ro opening angle  i n  

(c)  K 4 p + V -t T . The experimental  d a t a  are c o n s i s t e n t  

w i t h  u n i v e r s a l  coupl ing f o r  e l e c t r o n  and muon wi th  pure  v e c t o r  

i n t e r a c t i o n  and < (q2)  s m a l l ,  p o s s i b l y  ze ro .  

Assuming v e c t o r  i n t e r a c t i o n  and u n i v e r s a l i t y ,  a s  w e l l  

as n e g l i g i b l e  form f a c t o r  v a r i a t i o n  i n  t h e  s m a l l  q2  i n t e r v a l  

of t h i s  decay,  (4 )  can be i n t e g r a t e d  t o  y i e l d  t h e  r a t i o  R of 

K and Ke3 t o t a l  ra tes  as a f u n c t i o n  of 5 :  
1-1.3 

15 . ( B i s i  e t  a1 ) .  - 2  R ( < )  = 0.65 + 0.124 5 + 0.0190 j 

* = 0 . 6 5  i 0 . 2  , while  0.046*0.003 
Shaklee e t  a154 f i n d  R = 

B i s i  e t  a l l 5  f i n d  R = 0 . 7  f 0.14 . 
t i b l e  w i t h  e i t h e r  5 = 0 or 5 = -6.5 . The spectrum i n  K 

has  been s t u d i e d  by Abashian e t  a1 . On t h e  b a s i s  of 2000 

These va lues  a r e  compa- 

0 N N 

21.13 
1 
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e v e n t s  ob ta ined  i n  a spa rk  chamber arrangement ,  it i s  concluded 

t h a t  t h e  i n t e r a c t i o n  i s  v e c t o r ,  w i t h  4 = +1 1 (ano the r  v a l u e  

of  4 ,  5 = -4 * 1 is compat ib le  wi th  t h e  d a t a  b u t  incompat ib le  

w i t h  R ) .  The comparison o f  t h e  d a t a  wi th  t h e o r e t i c a l  e x p e c t a t i o n  

i s  shown i n  F i g .  5 .  
+ 15 The K decay h a s  been s t u d i e d  e x t e n s i v e l y  by B i s i  e t  a 1  , 

1-1.3 
combining t h e  u s e  of t h e  hydrogen chamber f o r  t h e  low momentum 

r e g i o n  wi th  t h e  heavy l i q u i d  chamber for t h e  h igh  momentum reg ion .  

On t h e  bas i s  o f  - 1000 e v e n t s ,  it i s  concluded t h a t  t h e  da.ta a re  

c o n s i s t e n t  w i th  t h e  v e c t o r  i n t e r a c t i o n  w i t h  a s m a l l  v a l u e  o f  4 

(see F i g .  6 ) .  The best  f i t  i s  wi th  4 = - 2  b u t  < = 0 cannot  be 

excluded.  
+ The p o l a r i z a t i o n  of t h e  muon i n  K decay h a s  been s t u d i e d  

w 3  

by two groups And i s  a l s o  s e n s i t i v e  t o  4 . Already t h e  work 

of Smi rn i t sky  and WeissenbergS5 i n d i c a t e d  a smal l  v a l u e  of . 
The r e c e n t  work of G ida l  e t  a136 g i v e s  an average p o l a r i z a t i o n  

38 < ?’ e 96 MeV . This  cor responds  t o  4 = -0 .15  * 0 . 9  

( o r  -4.0 9 . 8 ) .  
P- 

( d )  KL3 Decay and t h e  AI = 1 / 2  Rule.  I f  t h e  AI = 1 / 2  

r u l e  applies t o  t h e  l e p t o n i c  decays ,  then  

and of c o u r s e ,  t h e  form of t h e  i n t e r a c t i o n  m u s t  be the same 

f o r  a l l  decays.  W e  have a l r eady  seen i n  Sec. 11, E-3, t h a t  

t h e  exper imenta l  evidence f a v o r s  TIL = rZL . I n  t h e  preceding  
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parag raphs  w e  have seen t h a t  v e c t o r  coup l ing  w i t h  5 2 0 i s  i n  

agreement wi th  t h e  evidence f o r  b o t h  K and K 2  decay. I t  
+ 0 

remains t o  compare t h e  a b s o l u t e  r a t e s .  U n t i l  r e c e n t l y  t h e  

d a t a  on t h e  t o t a l  decay r a t e s  w e r e  i n  d i sagreement  w i t h  ( 5 ) .  
2 

(Alexander e t  a1  ) .  The d i sc repancy  h a s  however been removed 

w i t h  t h e  appearance of  new exper imenta l  r e s u l t s ,  e s p e c i a l l y  
+ a l s o  i n  t h e  K + branching  r a t i o .  

b ranching  r a t i o s  are:  

The r e s u l t s  on t h e  K 
1-13 

54 = 0.030 f 0 .01  Xenon Chamber Shaklee e t  a1 r+L3/r+ 

= 0.035 k 0.003 H 2  and Heavy Liquid Chamber 
1 5  B i s i  e t  a1 

54 = 0.046 i 0.003 Xenon Chamber Shaklee e t  a 1  r+e3/r+ 

+ These,  combined wi th  t h e  K l i f e t i m e ,  y i e l d :  

-1 = ( 2 . 7 8  i 0 . 2 5 )  x l o 6  sec 
+K3 
r 

-1 = (3 .75 i 0 . 2 5 )  x l o 6  sec T + e 3  

For 

( a )  

-1 - = (6 .53  & 0.35) x lo6 sec T + L 3  - r+p3 + Y t e 3  

0 he  K 2  l e p t o n i c  decays,  t he  r e s u l t s  a r e  t h e  fo l lowing:  

A r e c e n t  d i r e c t  de t e rmina t ion  of t h e  t o t a l  l e p t o n i c  decay 

-1 i n  t h e  hydrogen chamber y i e l d s  

(Kirsch  e t  a1  4 3 ) .  (b) Luers e t  a1 45  f i n d  f o r  t h e  r a t i o  of 

l e p t o n i c  K decays t o  a l l  charged K 2  decays t o  b e  

T+L = ( 1 1 . 9  iL. 1 . 5 )  x l o 6  sec 

2 

= 0 . 4 8 7  i 0.05 2e3'r 2 (charged)  

'2Y3''2 (charged)  = 0 .356  L 0.07 . 
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0 The n e u t r a l  K2 

decays.  

decays a r e  probably almost  e n t i r e l y  t h r e e  T O  

For t h e s e  Anikina e t  a14 f i n d  t h e  branching r a t i o  

0 0 0  = 0 . 3 8  f 0.07 . r2(n 1~ ?T ) lr2(all charged) 
0 These measurements combined wi th  t h e  K2 l i f e t i m e  of 

( 5 . 4  * 0.5) x lO-*sec 40 g i v e  t h e  fo l lowing  decay r a t e s  

6 -1 = 6.5 f 1.0 x 10 s e c  2,a3 
6 -1 2P3 4.8 * 1.0 x 10 sec 
6 r2L = 1 1 . 3  1 . 3  x 10 s e c - l  

- - r 

A11 r e s u l t s  agree  wi th  t h e  A I  = 1 / 2  r u l e  

p r e d i c t i o n s .  

(e)  Ke4 Decays. The K decays i n t o  l e p t o n s  and two 

p ions  a f f o r d  a convenient  t e s t  of t h e  A S = A Q  r u l e .  The decay 

i) K+ + 7~' + 7 ~ -  + e+ + V i s  al lowed,  whi le  t h e  decay 

ii) K' ?T+ + T' + e- + i s  forb idden .  The muon 

decays have n o t  been seen .  They a r e  expected t o  be r a r e  

becuase t h e  phase space  i s  s m a l l .  Two experiments have been 

performed 14'11'1%oth i n  t h e  heavy l i q u i d  bubble chamber. To 

d a t e  approximat i ley  75 decays of type (i) have been observed, 

and no examples of t h e  forb idden  decay (ii) have been found i n  

agreement wi th  AS = A Q .  This corresponds 

t o  an upper l i m i t  f o r  t h e  r a t i o  of t h e  amplitude of t he  

AS = ~ A Q ~ t r a n s i t i o n  x < 0 . 2  w i th  95% confidence.  The 

branching r a t i o  f o r  Ke4 decay r e l a t i v e  t o  a l l  K 

Re4 = ( 4 . 3  f 0.9) x ( B i r g e  e t  a l l 2 )  

+ 
decay,  
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111. HYPERON DECAYS 

A. Non-Leptonic Decays and t h e  A I = 1 / 2  Rule 

1. General 
- - 

There a r e  seven known hyperons: A o ;  E+, Eo, C : Z0, Z ; 

The Co decays e l e c t r o m a g n e t i c a l l y  t o  t h e  Ao:  t h e  and 0- . 
decay i s  no t  through t h e  weak i n t e r a c t i o n  and w i l l  no t  be  

cons idered  he re .  The o t h e r s  a l l  have decays of t h e  form 

hyperon + pion + baryon , and t h e s e  decays dominate by f a c t o r s  

of t h e  o r d e r  of l o 3  t h e  l e p t o n i c  modes which a r e  considered 

l a t e r .  The baryons ,  t o  t h e  e x t e n t  t o  which it i s  known, a l l  

have s p i n  one-half  ( t h e  2 s p i n  i s  not  y e t  c e r t a i n ,  a l though 

l i k e l y  t o  be  one -ha l f ,  t h e  (2- sp in  i s  unknown) so t h a t  t h e  

f i n a l  s t a t e  i s  a mixture of s1 and pL . The decay i s  descr ibed  

by t h e  d i s t r i b u t i o n s  i n  t h e  f i n a l  momentum and p o l a r i z a t i o n  

v e c t o r s  4 and SB i n  terms of t h e  i n i t i a l  p o l a r i z a t i o n  

This  can be  done with t h e  h e l p  of  t h e  t h r e e  parameters  a ,  6 

and y, of w h i c h  two a re  i n d e p e n d e n t .  

- c 

Y' 

gB = [ (a+$, .q)q+BSy " A  x 4 +yG X ( Z Y  x s;, ] / ( l + a F y  -6) 

The parameters  a ,  p and y - a r e  r e l a t e d  t o  t h e  r e l a t i v e  ampli- 

t udes  and phases of t h e  s and p waves: 
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2 2 so t h a t  c1 + D2 + y = 1 . 
I f  t i m e  r e v e r s a l  i n v a r i a n c e  h o l d s ,  t h e  d i f f e r e n c e  b e t w e e n  

t h e  S and p wave phases  can be shown t o  be equa l  t o  t h e  d i f -  

f e r e n c e  i n  t h e  cor responding  pion-baryon s c a t t e r i n g  phase  s h i f t .  

The exper imenta l  problem reduces  t o  t h e  de t e rmina t ion  of  

t h e  decay r a t e s ,  and t h e  c o r r e l a t i o n  c o e f f i c i e n t s  a ,  @ and y. 

The l a t t e r  can be ob ta ined  b y  s tudy ing  t h e  angu la r  d i s t r i b u -  

t i o n  and p o l a r i z a t i o n  of  t h e  baryon f o r  a p o l a r i z e d  sample of  

hyperons.  a s y  i s  ob ta ined  from t h e  a n i s o t r o p y  of t h e  decay 

momentum v e c t o r  w i t h  respect t o  t h e  p roduc t ion  p l a n e  normal. 

a i t se l f  can be ob ta ined  by measuring t h e  h e l i c i t y  of t h e  

emi t t ed  baryon.  f3 can be determined by  s tudy ing  t h e  component 

of  t h e  baryon p o l a r i z a t i o n  i n  t h e  d i r e c t i o n  normal t o  b o t h  t h e  

p roduc t ion  p l a n e  and t h e  decay momentum. y i s  a measure of 

t h e  r e l a t i v e  amount o f  S and p wave: y = +1 f o r  pu re  S wave 

and y = -1 f o r  p u r e  p wave. 

2 .  A o  Decay 

a.  Branching r a t i o .  The experimental  d a t a  w e r e  r e c e n t l y  

compiled by  Chre t i en  e t  a1 22 who f i n d  

m -  
The AI = 1 / 2  r u l e  p r e d i c t i o n  i s  2 x = 1 .9  . 

'Ton 
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b .  C o r r e l a t i o n s .  The most a c c u r a t e  and e x t e n s i v e  measure- 

ments a r e  d u e  t o  Cronin and O ~ e r s e t h ~ ~  who measured angular  

c o r r e l a t i o n s  f o r  p o l a r i z e d  A ' s  produced i n  T-P c o l l i s i o n s .  

The p o l a r i z a t i o n  of t h e  decay p ro tons  was analyzed by measuring 

t h e  r i g h t - l e f t  asymmetry of  t h e i r  s c a t t e r i n g s  i n  t h e  carbon 

p l a t e s  of  a spark chamber. I t  i s  found t h a t  

a = +0.62 f 0.07 

f3 = +0.18 fi 0.24 

y = 0.78 f 0.06 

The measured va lue  of  B can be compared t o  t h e  va lue  

@ = 0.08, which i s  expected on t h e  b a s i s  of t h e  known p ion  

nucleon phase s h i f t s  and t h e  measured va lue  of a .  
0 The parameters  f o r  t h e  decay A -+ T + n a r e  expected t o  

be t h e  same i f  t h e  AI = 1 / 2  r u l e  i s  v a l i d .  Measurements e x i s t  

f o r  o f  a se t  of  A ' s  produced i n  7 d c o l l i s i o n s .  Cork e t  a 1  

f i n d  

+ 2 5  

- 0 Pa = + 0 . 5 5  f 0 . 0 6  f o r  4. -, 3 + p 

0 0 and Pa = + 0 . 6 0  f 9.13 f o r  A. -, TT + n . 

3. C Decay and t h e  A1=1/2  Rule 

There a r e  t h r e e  decays: 

E+ -+ T+ + n ; M+ 

C + - T  + p  ; Mo 

C - T  + n  : M 

0 

- - - 
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+ The m a t r i x  e lements  M , Mo and M- f o r  t h e s e  decays a r e  r e l a t e d  

by t h e  AI=1 /2  r u l e .  The r e l a t i o n s  are  e a s i l y  de r ived  i f  i t  i s  

assumed tha t  the T I S  combine wi th  a " spur ion"  and t h a t  i s o t o p i c  

s p i n  i s  conserved i n  t h e  t r a n s i t i o n  t o  t h e  p ion  and pro ton .  

The "spur ion"  i s  de f ined  as a p a r t i c l e  of  ze ro  energy and 

momentum and s p i n ,  h a s  i s o t o p i c  s p i n  one-ha l f ,  and i n  t h e s e  

r e a c t i o n s ,  Iz= 1 / 2 .  The ma t r ix  e lements  can then  be h i Y i t t e n  

i n  t e r m s  o f  t h e  i s o t o p i c  s p i n  of  t h e  f i n a l  s ta te :  

+ r From these t h e  t r i a n g u l a r  r e l a t i o n  M- - M = 212 Mo f o l l o w s .  

i s  sma l l ,  s i n c e  t h e  pion 
3/2 

and M 
1 / 2  

The r e l a t i v e  phases  of  M 

nucleon phase s h i f t s  a r e  s m a l l  a t  t h i s  energy.  I f  t h e  r e l a t i v e  

phase i s  assumed ze ro ,  t h e  t r i a n g u l a r  r e l a t i o n  can be v i s u a l i z e d  

i n  a p l o t  i n  which one a x i s  r e p r e s e n t s  t h e  S-wave ampli tude 

and a pe rpend icu la r  a x i s  r e p r e s e n t s  t h e  p-xave ampli tude.  M , 
- 

M+ and d 2  Mo form a t r i a n g l e  on t h i s  p l o t .  

I 
Without t h e  r l I=1/2 r u l e  t h e r e  a r e  s i x  independent q u a n t i t i e s :  

T+,T-,To and a , a  , a  + - 0  ( t h e  p ' s  fo l low then  from t h e  pion 

nucleon phase s h i f t s ,  and t h e  a b s o l u t e  va lues  of y folloKs from 

t h e  r e l a t i o n s  a2 + f3 + y = 1). 2 2 

A 
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W i t h  the  A I = 1 / 2  r u l e  there are  f o u r  indepefident parameters ,  

so  t h a t  the  r ' s  and a ' s  are  over- 
3/2 ' S and P ' l / 2 '  '1/2' 3/2 

determined by t w o .  The q u e s t i o n  of the  v a l i d i t y  o f  AI=1/2 i n  

these processes w a s  r e c e n t l y  r a i s e d  by Tr ipp  e t  a15' and 
34 reexamined by F r a n z i n i  and Zanel lo .  

The exper imenta l  d a t a  are:  

+o.  1 
o ' 8 2  -0.08 

0.765 k0.04 

+0.39 
-0.30 

1 . 5 8  iO.06 

1 . 0 0  50.06 

0.96 i 0 . 0 5  

+0.20 k0.24 

+0.03 i 0 . 0 8  

+ 0 . 9 0  ~ t 0 . 2 5  

+0.16 i 0 . 2 1  

8 ( a )  Barkas e t  a 1  

( b )  Humphrey and R o s s  

( c )  Cork e t  a1  

38 

2 5  

59 ( d )  Tr ipp  e t  a1  
9 

( e )  B e a l l  e t  a1  
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T h i s  can be f i t t e d  wit , , in t h e  AI = / 2  frame w i t h  

-13 = ( -0 .75  & 0.025) x 10  
1 / 2  

S 

-13 

-13 

= ( 0.25 0 .03  ) x 10  

= ( 0.03 f 0.03 ) x 10  
1 / 2  

P 

'3/2 
1 3  = (-0.47 f 0.01 ) x 10  

3/2 
P 

or a l t e r n a t i v e l y ,  a s e t  i n  which t h e  r o l e s  o f  S and P waves 

are  exchanged. 

expect x2 - 2 cor responding  t o  t h e  two c o n s t r a i n t s .  

The f i t  h a s  a x 2  of  3 .3  where one would normally 

The f i t ,  

a l t hough  poore r  t han  normal i s  o n l y  a weak i n d i c a t i o n  t h a t  per -  

haps  t h e  A I = 1 / 2  r u l e  i s  inadequate  a t  t h e  p r e s e n t  l e v e l  o f  

correspond 
3/2 

and M 
1 / 2  

exper imenta l  p r e c i s i o n .  The ampl i tudes  M 

to a E- decay which i s  w i t h i n  exper imenta l  e r r o r  pure P wave 

+ and + T-+ decay which i s  p u r e  S wave o r  v i c e  v e r s a .  

4.  c + - p + y  

49a This  decay h a s  r e c e n t l y  been i n v e s t i g a t e d  by  Nauenberg . 
+ The branching  r a t i o  r e l a t i v e  t o  a l l  X decays is 

R ( C +  + = 0.13 * 0.04 R (c' +anything)  

5.  S Decays: and 

There h a s  been a la rge  improvement i n  t h e  exper imenta l  

knowledge of Z decay i n  t h e  l a s t  yea r  o r  two: however, l i t t l e  

of  t h i s  i s  publ i shed .  The d a t a  w e r e  summarized by Ticho a t  

t h e  BNL Weak I n t e r a c t i o n  Conference o f  1963. 58 The fol lowing 

groups c o n t r i b u t e d :  

(a )  CERN: H.Schneider,  Phys ics  Le t te rs  - 4 ,  360 (1963) 

(b) LRL: Alvarez ,  Berge,  Hulbard, K a l b f l e i s c h ,  S h a f e r ,  

So lmi t s ,  Stevenson,  Wojcicki 

(c )  EP: Junean, M o r e l l e t ,  Nguyen K a e ,  P e t i a n ,  Rousset ,  

Bingham, Cundy, Koch, Ronue, S l e t t e n ,  S tannard ,  

S c a r r ,  Sparrow, Wilson, H a l s t e i n s l i d ,  Mdllernd 

Q 
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Q 

L 

UCLA : 

BNL : 

Carmony, P j e r r o n ,  S c h l e i n ,  S l a t e r  , S t o r k ,  Ticho 

Ber tanza ,  Br i s son ,  Cermolly, H a r l ,  M i t t r a ,  

Moneti, Rau, Samios, S k i l l i c o r n ,  Yamamoto, 

Goldberg, Gray, L e i t n e r ,  Lichtman, Wertgard, 

Phys. Rev. L e t t e r s  - 9 ,  2 2 9  (1962) .  

The publ i shed  r e f e r e n c e s  r e f e r  t o  e a r l i e r  p u b l i c a t i o n s  of t h e  

same group, b u t  t y p i c a l l y  t h e  d a t a  made a v a i l a b l e  t o  t h e  summary 

were more ex tens ive .  R e s u l t s  from a t o t a l  of 2167 2 decays 

and 207 Zo decays were compiled. 

- 

- 
a .  Meanlives. The Z meanlife  i s  ob ta ined  wi thout  

problem. The r e s u l t s  of a l l  groups ag ree  and g i v e  a b e s t  v a l u e  

7 , -  = 1 . 7 6  0.05 x 1 0  sec  . -10 
w 

The 2" meanl i fe  i s  troublesome because t h e  decay p o i n t  

( a  n e u t r a l  p a r t i c l e  decaying t o  n e u t r a l  p a r t i c l e s )  i s  i n  g e n e r a l  

p o o r l y  e s t a b l i s h e d .  

on t h e  l i f e t i m e  d i f f e r  somewhat: 

T h e  r e s u l t s  of t h e  t h r e e  groups r e p o r t i n g  

G r o u p  T X 1 0  -lo sec  N o .  of Events 

LRL +O. 3 1  
2 .42  -0 .24 9 1  

54 +0.9 
3 ' 5  - 0 . 7  UCLA 

EP +l. 0 
3 * 8  -0.65 2 4  

Combining and weight ing according t o  t h e  number of e v e n t s ,  

T 2 0  = 2 .96  0 . 5  . The r a t i o  T,~/T,- i s  expected t o  b e  two 

i f  t h e  A I = 1 / 2  r u l e  i s  v a l i d .  Experimental ly ,  T+,/T~- = 1 .68 t0 .3 ,  

so t h a t  t h e  agreement of A I = 1 / 2  w i t h  experiment i s  a s  good a s  

._ 

can be  expected.  



-26- 

b. C o r r e l a t i o n  C o e f f i c i e n t s .  The decay of t h e  S l e n d s  

i t s e l f  p a r t i c u l a r l y  w e l l  t o  t h i s  s tudy ,  because  t h e  p o l a r i z a t i o n  

o f  t h e  Ao can be d i r e c t l y  observed from t h e  d i s t r i b u t i o n  i n  t h e  

12 decay pion. Using  a=0.62*0.07 and combining t h e  a v a i l a b l e  

d a t a ,  Ticho f i n d s  a,-=-0.48&0.05, 3 f3,-=+0.20*0.17, 3 y,-=+O. 85*0.04 . 
I n  t h e  A I = 1 / 2  r u l e ,  t h e  c o e f f i c i e n t s  i n  Zo decay are expected 

- - 3 

t o  be t h e  s a m e .  Exper imenta l ly ,  o n l y  t h e  v a l u e  of  01 exis t s .  

Combining t h e  r e s u l t s  of t h r e e  groups r e p o r t e d  by  Ticho accord- 

i n g  t o  t h e  number o f  e v e n t s  r e p o r t e d ,  a,,01~~= -0.15i0.14, 

azo= -0.24kO.23 . 
t h e  AI = 1 / 2  r u l e .  

so t h a t  
3 

Again t h e r e  i s  no ev idence  f o r  v i o l a t i o n  o f  - 

B. 

1. Decay R a t e s  

Leptonic  Hyperon Decays 

The fo l lowing  ,able g i v e s  r e s u l t s  p r e s e n t l y  a v a i l a b l e  fl r 

t h e  hyperon l e p t o n i c  branching  r a t i o s :  

Decay Method Branching R a t i o  Reference 

31 AO -+ e-+p+v HLBC (0.82*0.13) x ~ O - ~  Ely e t  a1  

(0.78k0.12) x ~ O - ~  Bagl in  e t  a1 6 HLBC 

HBC (1.55*0.34) x ~ O - ~  Lind e t  a1 44 
44 12 -+ w-+p+v HBC (0.14&0.06) x ~ O - ~  Lind e t  a1 

- 49 c e-+n+v HBC (1.37*0.34) x ~ O - ~  Nauenberg e t  a 1  
26 HBC (1 .4  k 0 . 3 )  x ~ O - ~  Courant e t  a 1  

HLBC (1.0 -0 .3  
48 C.T.Murphy 

- .+ p-+n+v HBC ( 0 . 6 6 * 0 . 1 5 ) ~ 1 0 - ~  Courant e t  

+0.4 x10-3 

__-_ _____ _ _ _  
49 Nauenberg e t  a1 
26 

C.T.Murphy 48 

CERNG1 and Columbia 23a 

CERNG1and Co lumb i a 2  3a 

.+lept) /(r--lept) HBC <0.15 80% cons 
P Y  ~ 0 . 1 2  8077 cons Courant e t  a 1  

~ _ _  ~ 0 . 4  

(0.74*0.2) x10-4 
-- - _- 

HBC 

HBC 
-~ - 

c- .+ /lo+e-+v 

- 
(0.4 * 0 . 2 )  _- ~ _ _  - - . - - 

-.. Ao+e++v 
z- - 4 A+e-+v ( 3  *1.7)10-3 T i ~ h o ~ ~  
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The combined r e s u l t s  a r e  t h e  fo l lowing:  

Decay 

A -.e +p+v 
- 

n +-+p+v 
c -e +n+v 

-p-+n+v 

- - 

- 

+ c l ep t  

Ao+e-+v 

c+ + A +e + v  
5 - A +e + v  
zo 3 c +e +v 

- 
o +  

- 0 -  

* T  
3 

Branchinq R a t i o  

( 0 . 8 3 + 0 . 0 5 )  x10q3 
(0.14kO. 06) x ~ O - ~  

(0.66+0.15) x ~ O - ~  

(0.74+0.2) x ~ O - ~  

(1.32kO. 2 )  x1~-3 

<0.1 

(0 .4  * 0 . 2 )  x1~-4 

( 3  ~ 7 )  x1~-3  

Decay Prob. 
( s e c- ) 

6 3 .3  x 10 
6 0 . 5 6 ~  10 

8 . 2  x 10  6 

6 4 . 1  x 1 0  

l o 6  
6 

6 

6 

6 

0 . 4 6 ~  1 0  

0 . 5  x 1 0  

1 7  x 10 

<3 x 10 

R e l a t i v e  Phase 
Space 

1 .60  

0.174 

9.22 

3.14 

11 .0  

0.0416 

0.0250 

3.18 
0.277 

The phase  space f i g u r e s  a re  appended f o r  comparison. The 

r a t i o s  of  muon t o  e l e c t r o n  decay s e e m  t o  be,  a t  l e a s t  w i t h i n  t h e  

l i m i t e d  accuracy  of  t h e s e  exper iments ,  g iven  by  phase  space: on 

t h e  o t h e r  hand t h e  ma t r ix  element squared f o r  A decay i s  l a r g e r  

t han  t h a t  f o r  s t r a n g e n e s s  changing C- decay by  about  a f a c t o r  

of  two. l e p t o n i c  decay i s  i n h i b i t e d ,  presumably on t h e  b a s i s  

o f  t h e  A S = A Q  r u l e  which w i l l  be d i scussed  below. The s t r a n g e n e s s  

conserv ing  decay + A + e- + v i s  r e l a t i v e l y  more r a p i d  than  

t h e  s t r a n g e n e s s  v i o l a t i n g  decays by a f a c t o r  of  about  t e n .  

+ 

+ + +  The decays - e (p ) +  n + w a re  forb idden  by t h i s  r u l e ,  

wh i l e  t h e  cor responding  C -  decays a r e  a l lowed.  The observed 

C+ r a t e  i s  lower by  a t  l ea s t  a f a c t o r  of  t e n ,  i n  agreement w i t h  

t h e  r u l e .  A p o s s i b l e  v i o l a t i o n  of t h e  r u l e ,  l a r g e r  than  t h e  
4 ex t remely  s m a l l  v i o l a t i o n s  (- G ) expected i n  t h e  second o r d e r  

of t h e  weak i n t e r a c t i o n ,  i s  however of  c o n s i d e r a b l e  t h e o r e t i c a l  

i n t e r e s t .  There a r e  two e v e n t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  which 

v i o l a t e  t h i s  r u l e :  one by  B a r b a r o G a l i t i e r i  e t  a17 i s  a p o s s i b l e  

example of t h e  decay C - ~1 + n + v and one b y  Nauenberg e t  

a14' i s  a p o s s i b l e  example of t h e  decay ? ,  

+ + 
,+ + 

+ e + n + v . 
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I 

The event  of Nauenberg e t  a1 has  a p r o b a b i l i t y  of  1% of be ing  

i n t e r p r e t a b l e  a s  background, wh i l e  t h a t  of  B a r b a r o - G a l i t i e r i  

was o r i g i n a l l y  quoted a s  having a p r o b a b i l i t y  of  

interpretable  i n  terms of o t h e r  p rocesses .  

however, t h e  number of C+ decays which have been i n v e s t i g a t e d  

for  t h i s  decay has  inc reased  by a f a c t o r  of  lo3 , so t h a t  i n  

any case t h i s  p r o b a b i l i t y  must a l s o  be increased  t o  t h e  o r d e r  

of 1% . A t  t h i s  t i m e  t h e  b u l k  of  t h e  evidence,  a l s o  i n  t h e  

decay K -, 27r + L + v 

A r easonab le  upper l i m i t ,  combining a l l  experimental r e s u l t s ,  

f o r  t h e  AS = a Q  c u r r e n t s  would s e e m  t o  be of  t h e  o r d e r  of 10%. 

of be ing  

Since  t h a t  t ime,  

and t h e  KO decay i s  i n  favor  of AS = AQ. 

3 .  Decay Spectra and Form o f  t h e  I n t e r a c t i o n  
6 

a. A o  p + e- + v . The 100 even t s  of  Bagl in  e t  a 1  

have been  compared wi th  t h e  e x p e c t a t i o n s  of  t h e  theo ry  assuming 

c o n s t a n t  form f a c t o r s  f o r  t h e  possible i n t e r a c t i o n  i n v a r i a n t s  

which might be dominant. The A ' s  h e r e  are unpolar ized  and two 

d i s t r i b u t i o n s  w e r e  prepared:  t h e  d i s t r i b u t i o n  i n  t h e  t r a n s v e r s e  

pro ton  momentum ( t h e  l o n g i t u d i n a l  component has  an experimental  

ambigui ty) ,  and t h e  d i s t r i b u t i o n  i n  t h e  e-v  angle .  The l a t t e r  

i s  not  f r e e  from ambiguity s i n c e  i n  g e n e r a l  f o r  each measured 

event  t h e r e  are two p o s s i b l e  n e u t r i n o  d i r e c t i o n s ,  and b o t h  a r e  

used. The observed d i s t r i b u t i o n s  a r e  i n  s u b s t a n t i a l  d i sag ree -  

ment w i th  pure  s c a l a r  o r  vec tor ,  b u t  can be f i t t e d  wi th  pure  

a x i a l  v e c t o r ,  pure  t e n s o r  o r  a mixture  of V and A.  
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The experiment of  Lind e t  a144, u s ing  p o l a r i z e d  A ,  i s  

s e n s i t i v e  t o  t h e  V-A i n t e r f e r e n c e ,  and d e s p i t e  t h e  f a c t  t h a t  

t h e r e  a r e  few ( 2 2 )  e v e n t s ,  can y i e l d  bo th  t h e  s i g n  and approxi-  

mate r a t i o  of t h e  admixture,  assuming t h e  o t h e r  i n t e r a c t i o n s  

a r e  no t  p r e s e n t .  This  experiment ,  a s  quoted by Bingham , 

y i e l d s  t h e  result: A - ( 0 . 9  f 0.4) V . 
10 

A r e c e n t  experiment by Rubbia e t  a152 u s e s  spark  charriber 

t echn iques  t o  s tudy  t h e  c o r r e l a t i o n  of t h e  decay e l e c t r o n  mo- 

mentum and A p o l a r i z a t i o n  f o r  a sample of A's produced i n  T -  
0 

B e  c o l l i s i o n s .  The p o l a r i z a t i o n  of t h e s e  A's i s  measured t o  

b e  0.68 i 0 . 1  . O n  t h e  b a s i s  of 1 0 2  even t s  which show no c o r r e -  

l a t i o n ,  t h e  decay i n t e r a c t i o n  i s  e i t h e r  pure  V ,  o r  V-(0.8*0.3)A, 

assuming t h a t  t h e  i n t e r a c t i o n  i s  a VA mixture .  

61 b .  C7 - A + e* + v . I n  t h e  experiments of t h e  CERN 

and Columbia23a groupk of K- mesons stopped i n  t h e  hydrogen 

chamber, 2 2  examples of  t h i s  s t r angeness  conserving decay have 

been found. The d a t a  on t h e  r a t e s  a r e  summarized i n  Table V I .  

The exper imenta l  accuracy i s  so poor a t  t h i s  s t a g e ,  t h a t  t h e  

remark may b e  premature,  b u t  it should be  k e p t  i n  mind t h a t  

i f  AI = 1 f o r  t h e  s t r o n g l y  i n t e r a c t i n g  p a r t i c l e  c u r r e n t ,  t h e  

two ma t r ix  elements a r e  expected t o  be t h e  same, and phase 

space t h e n  f a v o r s  t h e  ITI- decay over t h e  Y' decay by t h e  f a c t o r  

1 . 6 7 .  

The E* -. A decay i s  i n t e r e s t i n g  from a t h e o r e t i c a l  p o i n t  

of view and has  been d iscussed  by Cabibbo and Gatto2', D r e i t l e i n  

and Primakoff3', and Cabibbo and F ranz in i19 .  Assuming again 



a l e p t o n i c  c u r r e n t  of t h e  y (1+y5) form, t h e  baryon c u r r e n t  

h a s  t h e  form 
CL 

The t e r m s  i n  qv, ( b ,  b ' ,  d ,  d ' )  are expected t o  be ignorab le  

s i n c e  the momentum qv i s  less than 70  MeV. 

expected t o  be zero  i n  t h e  conserved vec to r  c u r r e n t  theory .  

We, t h e r e f o r e ,  expect  a d i s t r i b u t i o n  dominated by t h e  a x i a l  

vec to r  c t e r m .  

very d i f f e r e n t  f o r  t h e  a and c t e r m s .  The experiment f avor s  

c over a and t h e r e f o r e  A over V (see Fig .  7 )  by a f a c t o r  of 

about 30, i n  agreement wi th  t h e  expec ta t ions  based on CVC. 

The a t e r m  i s  

The d i s t r i b u t i o n s  i n  t h e  Ao momentum are 

f F I- 

decay are  r e p o r t e d  by Binghaml' i n  a compilat ion of a l l  r e s u l t s  

t o  y i e l d  a branching r a t i o  of 2 . 4  f 1 . 4  x and a decay 

p r o b a b i l i t y  of Ts- I - Ao + e- + V = ( 1 . 4  * 0.8) x 1 0  sec-l. 

The d a t a  r e l e v a n t  t o  zo f3 decay have been compiled by Ticho. 

The e f f e c t i v e  sample of 3 decays i n  which such decays would 

have been s e e n  i s  325 f o r  t h e  decay Zo  - r; + e- + v and 

400 f o r  t h e  decay so -+ 7 + e + V .  N o  decays of e i t h e r  

so I -+ c + e + v.  Three examples of z l e p t o n i c  

6 

58 

WO 

+ 
- + 

type  have been seen .  A 
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4 .  Comparison of  t h e  Cdbibbo Model f o r  Leptonic  Decays 
wi th  t h e  Experimental  R e s u l t s  

Cabibbo18 has  pu t  forward a model i n  which t h e  c u r r e n t s  

of t h e  s t r o n g l y  i n t e r a c t i n g  p a r t i c l e s  t ransform under S U  a s  

t h e  members of  an o c t e t .  With t h e  a d d i t i o n a l  assumptions t h a t  

t h e  c u r r e n t s  a r e  l i n e a r  combina t ions 'of  v e c t o r  and a x i a l  v e c t o r ,  

3 

l 
and t h a t  t h e  sum of  t h e  squares  of t h e  v e c t o r  p a r t s  of t h e  

AS = 0 and A3 = AQ c u r r e n t s  i s  equal t o  t h e  square  of t h e  vec to r  

I 

p a r t  of 1-1 decay c u r r e n t ,  s e v e r a l  r e l a t i o n s  between v a r i o u s  

decay p rocesses  can b e  w r i t t e n .  I n  t h i s  model, t h e  p r o p e r t i e s  

( r a t e s  and c o r r e l a t i o n s )  of t h e  hyperon l e p t o n i c  decays ,  a s  

w e l l  a s  t h e  a x i a l  v e c t o r  t o  vec to r  r a t i o  of neut ron  decay and 

t h e  r a t i o  of K decay t o  T- decay can b e  given i n  terms of  

t h r e e  a r b i t r a r y  r e a l  parameters ,  i n  a d d i t i o n  t o  an o v e r a l l  
1-12 1-12 

coupl ing  c o n s t a n t .  

The r e l a t i o n s  a r e  w e l l  s a t i s f i e d  by t h e  p r e s e n t l y  a v a i l -  

a b l e  d a t a ,  i n  f a c t  i n  more than one way. A l e a s t  squares  

a n a l y s i s  t o  t h e  d a t a  has j u s t  been performed by W i l l i s  e t  a1  . 
The b e s t  f i t  i s  obta ined  w i t h  t h e  Cabibbo parameters  

8 = 0.264, F = 0.437, D = 0.742, g iv ing  a p r o b a b i l i t y  f o r  t h e  

f i t  of 45%. The s o l u t i o n  a l s o  p r e d i c t s  t h e  A-V r a t i o  f o r  t h e  

hyperon decays.  I n  ).+e decay t h e  p r e d i c t e d  r a t i o  i s  - 0 . 7 ,  

i n  agreement wi th  t h e  observed va lue  of -0.8 kO.3 . 5 2  

6 1  

18 

- 

I n  
- - S - e decay,  f o r  which  t h e r e  a r e  a t  p r e s e n t  no experimental  

r e s u l t s ,  t h i s  s o l u t i o n  p r e d i c t s  t h e  r a t i o  A/V 2 t -0 .3  . 

A 
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I V .  SUMMING UP 

While no g e n e r a l ,  we l l - e s t ab l i shed  t h e o r e t i c a l  model f o r  

t h e  decays of s t r a n g e  p a r t i c l e s  ex i s t s ,  t h e  fo l lowing  p o i n t s  

can be made: 

(1) The A I  = 1 / 2  r u l e  h a s  been checked i n  t h e  c a s e  of 

t h e  decays: 

A - . T + N  

C - + T T + N  

K + T + T  

K - + T + T + T T  

K + L + V + T  

and i s  i n  good agreement bo th  i n  t h e  case  of l e p t o n i c  

and non-leptonic  decay, wi th  t h e  except ion  of  a v i o l a t i o n  

i n  ampli tude of approximately 5% i n  t h e  K --L 27r decay. 

( 2 )  The AS = AQ r u l e  i s  a t  l e a s t  approximately v a l i d .  

I t  i s  checked i n  t h e  decays: 

K 2  -+ L + TT + v 

d L + T + V  

K - 2 ~ + e + v  

and t h e  v i o l a t i n g  ampli tudes a r e  a t  most of t h e  o rde r  

of 20%. 

( 3 )  The s t r angeness  change i s  a t  most 1. 

(4)  The l ep ton  c u r r e n t  f o r  a l l  l e p t o n i c  decays i s  com- 

p a t i b l e  w i th  t h e  form: 

/AS/ I; 1 . 

u y (1 + y5)uv  + c , c ,  L c 1  

(5 )  

be ing  a b l e  t o  r e l a t e  t h e  v a r i o u s  l e p t o n i c  decay p rocesses  

of s t r o n g l y  i n t e r a c t i n g  p a r t i c l e s .  

The Cabibbo scheme based on SU3 shows promise of 
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i Branching Ratios 

Table 1 

~ 0.65 i 0 . 0 2  

0 .19  *0.01 

0.059+0.003 

0.017*0.002 

0.046i0.003 

0.030i0.010 

( 4 . 3  i.o.9)Xlo- 
< l o +  

K decays, l i fe t imes ,  branching r a t io s .  

Decay 

K+ 

K+ 

+ 
K 

K+ 
K+ 

K+ 

K+ 

K+ 

+ -1 +v 
+ o  +JJ +T 
+ - +  

4JJ +JJ +JJ 

+7,.++JJo+7ro 
o +  

+7r +e +V 
+ -JJ0+lJ- +v  

+ + 
+J +r>e +V 

+ + -  
+T +7r +e +V 

+ -  
K,O+JJ +JJ 
I 

K1 O+JJO+JJO 

K20+JJ + +JJ-+JJ 0 

K20+7i-O+JJ 0 0  +7i- 

Kq0+e+V+JJ 
,5 

K O-,CL+V+T 

K2 -1ept. 2O 

7 

(0.87&0.0+10 -10 

(5.4iO. 

0.70 *0.02 

0.30 *0.02 

0.125i0.013 

0.27 *0.05 

0.36 +0.04 

0.26 k0.06 

0.62 i 0 . 0 5  

r sec-' 

5.32 x1~7 

0.14 x1~7 

7 

7 
1 . 5  x10 

0 . 4 8 5 ~ 1 0  

7 

7 
3 
2 

0 . 3 7 6 ~ 1 0  

0 . 2 4 5 ~ 1 0  

3 . 5  x10 
< l o  

10 0.80 x10 

0.34 X l O l O  

6 

6 

6 
6 
6 

2.3 x10 
5.1  x10 

6.7 x10 

4.9 x10 

11.6 x10 
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T a b l e  2 

c-+7r-+q - 
+e +V+q 

+p-+v+q 

-+Ao+e-+V 

z+-*++q 
0 

+ +TT +p 
-+e +V+q 
-yL++v+q 
+A O+e++ v 

-P+Y 

7 

( 2.5*0.1) xlOl0sec 

-10 (1.6kO. 06) x10 sec 

-10 0 . 7 8 ~ 1 0  sec 

-10 (1.76kO. 05) x10 sec 

Branching 
r a t i o s  

0.665*0.006 

0.33 51.0.006 
( 0 . 8 3  10 .O5) x d 3  
(0 .14 i0.06)~10-~ 

1 .oo 
(1.3 l t 0 . 2 ) ~ 1 0 - ~  

(0 .74 * o .  2) x1~-4 

(0.66 +0.15)~10-~ 

0.49k0.025 
0.5110.025 

( 0 . 4  * o .  2) x1~-4 

(1.3 * 0 . 4 ) ~ 1 0 - ~  

1 .o 

1.0 

Decay P r o b a b i l i t y  
r. 

9 -1 
9 -1 
6 -1 
6 -1 

2.66 x10 sec 
1.34 x10 sec 
3.3 x10 sec 
0.56 x10 sec 

0 . 6 2 5 ~ 1 0 ~ ~ s e c - ~  

0 . 8 2  x10 sec 

0 .41  x10 sec 

0 . 0 4 6 ~ 1 0  sec 

7 -1 
7 -1 
7 -1 

10 -1 0.63 x10 sec 
0.65 xlO1Osec-l 

<O . o ~ x ~ . ~ + ~ s e c - ~  
7 -1 <O.O5x10 sec 
7 -1 0.05 x10 sec 
7 -1 1 . 7  x10 sec 

0 .34  xlO1Osec-l 

0.57 xlO1Osec-l 

1 e v e n t  seen 
1 e v e n t  seen  



4 2 -  

Table I11 

Summary of r e s u l t s  on K + 3n decay ra tes  

Reac t ion  

4.85 f 0.16 ( a) 

1 .45  f 0.11  ( a) 

2.34 f 0.32 (b) 

2.3 f 0.4 ( c) 

2.32 f 0.25 ( 

5 . 1  f 1 . 0  (e) 

4.85 f 0.16 

1.16 f 0.09 

1.80 f 0.20  

3.26 f 0.6 

8 
This  i s  t h e  combined r e s u l t  of Barkas e t  a l ,  

Taylor  e t  a157 and R o e  e t  a1 

Combined r e s u l t s  of S t e r n  e t  a156and Kirsch e t  a1 

R e s u l t s  of Luers e t  a145 us ing  a l s o  t h e  K2 
40 of Jovanovi tch e t  a1 

branching r a t i o  of Anikina e t  a1 . 
The combined r e s u l t  b and c 

Branching r a t i o  of Anikina e t  a14 and l i f e t i m e  of 

Jovanovi tch e t  a1 . 

51 . 
43 . 

l i f e t i m e  0 

and t h e  r2(000)/r2(charged) 
4 

40 
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Relation AI = 1/2 Rule Expectations 

Table IV 

Experiment 

i) 

i i) 

iii) 

1 . 5 5  f 0.21 Y2(+-0) 1 Y+(+OO) = 2  

Y2(000) /[Y+(++-) -Y+(+oo) ]=1 

Y+ ( ++-) 1 Y+(+OO) = 4  

0.91 f 0.18 

4.2 5 0 . 3 3  



Table V 

Experimental  Determinat ions of t h e  Linear  C o e f f i c i e n t s  

i n  t h e  Energy S p e c t r a  of one of t h e  Pions i n  K -+ 3a Decay. 

(See t e x t  f o r  d e f i n i t i o n  of B .  The s u p e r s c r i p t  on p 

s t a n d s  f o r  t h e  charge of t h e  p ion . )  

C o e f f i c i e n t  I Value Combined Value 

- 
$+(++-) 1 .67 f 0.26 

1.69 f 0.27 

+ 
B+(+OO) -3.95 f 1 .2  ( c) 

-4.13 f 0 . 3 5  ( d) 

0 
62(+-0) -4.1 * 0.9 (e)  

-4.2 f 0.6 ( f )  

1 -4.2 * 0.5 

46 (a )  McKenna e t  a 1  

(b) Ferro-Luzzi e t  a1 
1 6  (c) Bjorklund e t  a1 

(d )  Kalmus e t  a1 

( e )  Luers e t  a1 

( f )  Abashian e t  a1 

33 

41 

45 

1 



T a b l e  V I  

- - R (  C--A+e-+v) + c -A+e-+v c i n  sample R ( C--anything) C+-h+e +V 

CERN 11 147,000 (0.75*0.3) x ~ O - ~  4 

Columbia 6 83,000 (0.72k0.3)  x ~ O - ~  0 

* 0 Summary of d a t a  on t h e  r a t e s  f o r  t he  decays C .+ A + e* + v . 
I 

1 + + R(C+-A+e + V )  

C in sample R ( Z+-anything) 

(0.66,tO. 3 5) x10- 60 , 000 

0 38 , 600 
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FIGURE CAPTIONS 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig .  7 

Enegry Spectrum, after Division by Phase Space, 

of the Odd Pion in K*-+T*+T +T . T F  (Ferro-Luzze et a133). 

+ + o  Energy Spectrum of the 7~ 

(Kalmus et a14*). 

in the Decay K+-T +27r 

Time Distribution of Leptonic KO Decays in Experiment 

of Kirsch et a1 . Solid Curve is Expectation if 

A S  = AQ. 

42 

0 K+ -. e+ + v + TI- 

 ensen en^') 
d i s t r i b u t i o n  i n  y-y opening angle .  

0 Muon Energy Spectrum in K .Decay divided by 

the expectation of Formula 5. (Abashian et a1 ) .  1 
21-13 

+ Muon Kinetic Energy Spectrum in K Decay. 

(Bisi et all5). 

A momentum d i s t r i b u t i o n  i n  t h e  decay 

C -t A + e + v (CERN61 and Columbia 

cL3 

0 

- 0 - 23a) 
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