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Compiled by D. A. GLASER, M.L. GOOD and D.R.O. MORRISON 

These tables of lifetimes a n d b r a n c h i n g ra t ios a re n o t 
necessarily a comprehens ive list b u t a re based on the 
in fo rma t ion suppl ied to the R a p p o r t e u r of Session 9 
(D. A. Glaser ) of the 1958 A n n u a l In t e rna t iona l Conference 
o n H i g h Energy Physics. 

I n calcula t ing the m e a n values of A0 a n d K° lifetimes, a n d 
the / t°-decay b r a n c h i n g ra t io , the indiv idual values a re 
weighted in p r o p o r t i o n to the n u m b e r of events u p o n which 
they were based . T h e e r rors given to the m e a n values a re 
discussed by Glaser . 

I n c o m p u t i n g m e a n values for the E+- a n d ^ - - l i f e t imes 
a n d the K° decay b r anch ing ra t ios , the e r ro rs were sym­
met r i sed by t ak ing the inverse of the q u o t e d values a n d 
e r ro r s . T h e squares of these new " inverse e r ro rs " were 
used to weight the rec iprocals of the q u o t e d values in 

ob ta in ing a m e a n va lue . T h e e r ro rs o n this m e a n were 
formed f rom the r .m.s . of the " inverse e r ro rs " . 

T h e following abbrev ia t ions a re used : 

H . B . C . H y d r o g e n Bubb le C h a m b e r 

P .B .C . P r o p a n e Bubb le C h a m b e r 

C .C . C l o u d C h a m b e r 

C .R . Cosmic R a y m e a s u r e m e n t 

(p) F 27-decays in Fl ight were t aken , the p r o t o n 
t r ack was measured . 

(p, ri) F 27-decays in F l ight were taken , the p r o t o n 
a n d / o r p i o n t r acks were measu red . 

(/?) F , R 27-decays in F l ight o r a t Res t were t aken , the 
p r o t o n t r ack was measu red . 

T A B L E I 

A°-Lifetime 



Weak interactions'— .Other modes 271 

T A B L E II 

^--Lifetime 

T A B L E I I I 

-Lifetime 



272 Session 9 

TABLE IV 

E^Lifetime 



Weak interactions — O t h e r m o d e s 273 

A°-Decay branching ratio, 

T A B L E V I I 

K° decay branching ratios 

TABLE VI 



274 . Session 9 

D I S C U S S I O N 

Discussion of Lifetimes 

Fowler: I h a v e a q u e s t i o n a b o u t t h e A "-lifetime. 
T h o s e of u s w h o h a v e smal l b u b b l e c h a m b e r s live in the 
h o p e t h a t w e will s o m e d a y get h u n d r e d s of events . If I 
t a k e y o u r t ab l e a n d c o m b i n e t h e C o s m o t r o n b u b b l e c h a m ­
be r resul t s I see a l ifetime of 2.26 x 1 0 ~ 1 0 sec b u t if I t a k e 
t he Berkeley B e v a t r o n resul ts I see a l ifet ime of 
3.04 x 1 0 - 1 0 sec, b a s e d o n 515 a n d 416 events respect ively. 
Th i s seems t o b e a significant difference. I w o n d e r if, for 
t he s a k e of comple t enes s , we c o u l d h e a r s o m e detai ls ? 

D. A. Glaser: A s c a n b e seen f rom T a b l e I, t he lowes t 
va lue of 2.29 x 10 1 0 sec c o m e s f rom t h e C o l u m b i a , Pisa , 
B o l o g n a c h a m b e r , a n d the h ighes t , 3.05 x 1 0 ~ 1 0 sec, 
f rom t h e Berke ley c h a m b e r , w h i c h is i ndeed qu i t e a var ia ­
t ion . T h o s e c h a m b e r s were t h e s a m e size. T h e Berkeley 
c h a m b e r w a s 10 inches a n d the o t h e r o n e 12 inches . T h e 
M i c h i g a n c h a m b e r w a s also 12 inches , a n d t h e c loud 
c h a m b e r s w e r e qu i t e different in size, t h e M . I . T . o n e be ing 
a few feet. T h e difficulty wi th t h e expe r imen t is t h a t one 
m u s t t a k e i n t o a c c o u n t wal l effects wh ich resu l t f rom escape 
of / l ° ' s , a n d I regret t o say t h a t t he re h a s n o t b e e n a very 
precise m e e t i n g be tween us as to h o w o n e s h o u l d d o tha t . 
E a c h of us d id th is qu i t e i n d e p e n d e n t l y a n d I th ink , t h a t if 
t he d i sc repancy is m o r e t h a n s ta t is t ical , t h e n t h a t is its 
or ig in . I h a v e n o a n s w e r except t h a t we h a v e to get 
t oge the r a n d a r g u e o u t h o w we s h o u l d co r r ec t for t he fact 
t h a t t h e c h a m b e r s a re n o t real ly 12 inches b u t on ly 8 inches , 
because y o u h a v e to p r o d u c e t h e A 0 a n d t h e n see it. i t is 
a n e x p e r i m e n t a l ques t i on wh ich h a s to be se t t led ; I a m sure 
we w o u l d h a v e set t led it if t h e r e was s o m e theore t i ca l 
p r ed i c t i on t h a t t h e . v a l u e is 2.3 x 1 0 ~ 1 0 s e c ! 

Crussard: A b o u t t he s h o r t va lue of 27-lifetime f o u n d 
in e m u l s i o n f r o m decays in flight only , I w a n t t o m e n t i o n 
va lues wh ich w e r e f o u n d last yea r in G o t t i n g e n . I say 
" m e n t i o n ", because u n f o r t u n a t e l y I d o n o t have t h e m here 
b u t they h a v e been given a t t h e 1957 Venice - P a d u a 
Confe rence . T h e y a r e c o m f o r t a b l y la rge va lues — s o m e ­
th ing l ike 2 o r 3 x 1 0 ~ 1 0 sec wi th a la rge e r r o r ; t he large 
e r r o r is qu i t e n o r m a l for 2"s resu l t ing f rom K~ c a p t u r e d u e 
to t h e fact t h a t the t ime of flight of the h y p e r o n s is shor t 
c o m p a r e d w i t h the i r l ifetime. I a lso w a n t e d t o . r e m a r k 
t h a t t h e 27's f r o m K~ c a p t u r e are . s low, a n d h a v e therefore 
a n ave rage t i m e of flight s h o r t e r t h a n the " n o r m a l " 
^ - l i fe t imes , - s a t h a t a n y loss of decays n e a r t he end o f the 
r a n g e s h o u l d resul t in a ca lcu la ted l ifetime of t h e o r d e r of 
t h e m e a n t i m e of flight... of such h y p e r o n s ; t h a t is . 
~ 0.5 x 1 0 - 1 0 sec. 

D. A. Glaser: T k n o w a b o u t th is difficulty b e c a u s e y o u 
t o ld m e ! I a m n o t an expe r t o n this ques t ion , b u t I a sked 
o t h e r emu l s ion p e o p l e a b o u t it. T h e y were a w a r e of this 
t r o u b l e a n d in m a n y cases co r r ec t ed the i r d a t a by p u t t i n g 
in a cut-off. 

Crussard: Of cou r se this is n o t t r u e w h e n a cut-off 
ha s b e e n m a d e . 

Rochester: C o u l d I a sk w h a t e r ro r s a r e q u o t e d in t he 
tables ? M a y I a sk t h a t t h e t y p e of e r r o r will b e s ta ted 
in t h e final r e p o r t of t h e con fe r ence? 

D. A. Glaser: T h a t is a very e m b a r r a s s i n g q u e s t i o n 
because in c o m p i l i n g t he d a t a we d id n o t k n o w in m a n y 
cases w h a t e r ro r s were be ing given to u s . I n m o s t cases 
the expe r imen te r s h a d used the m a x i m u m l ike l ihood 
m e t h o d of Bar t l e t t a n d there fore a s y m m e t r i c e r ro r s were 
given, b u t in s o m e cases s y m m e t r i c e r ro r s were given. I n 
c o m p u t i n g the m e a n va lues of t h e A 0 a n d K° l ifetimes, a n d 
the / l 0 - b r a n c h i n g r a t i o , w e were there fore afraid t o t ry t o 
weigh t t he va lues a c c o r d i n g t o t he e r ro r s q u o t e d o n the 
ind iv idua l resul ts , a n d ins tead we we igh ted t h e m a c c o r d i n g 
to t he n u m b e r of events . Th i s is really n o t m o r e scientific 
b u t t h e answer seemed m o r e r e a s o n a b l e t o u s . T h e final 
e r r o r q u o t e d w a s p u t r o u g h l y a t t he least e r r o r q u o t e d f rom 
all t h e c o n t r i b u t i o n s b u t was n o t m a d e smal le r t h a n tha t , 
because , as y o u see by t h e ques t i on of Fowle r , t he r e is the 
possibi l i ty of a sys temat ic e r r o r wh ich is m o r e ser ious a t 
this m o m e n t , I t h ink , t h a n the s ta t is t ical e r ro r . 

F o r t he 27+- a n d ^ - - l i f e t i mes a n d the K° b r a n c h i n g r a t i o , 
the e r r o r s o n t h e m e a n va lues w e r e ca lcu la ted f r o m t h e 
e r ro r s q u o t e d b y the e x p e r i m e n t a l g r o u p s . 

W. Wenzel: G la se r s t a ted t h a t in m e a s u r e m e n t s o n t he 
lifetime of t h e K~ t he re were n o c o u n t e r expe r imen t s . 
I w o u l d l ike t o m e n t i o n t h a t t he re w a s o n e c o u n t e r m e a s u r e ­
m e n t d o n e t w o years a g o a t the B e v a t r o n . T h e resu l t is in 
a g r e e m e n t w i th t h e m e a s u r e m e n t s by o t h e r t e chn iques . 

Okun": A r e the re a n y new resu l t s o n t h e spec t r a a n d 
a n g u l a r d i s t r i bu t ion in l ep ton ic decay of K+ a n d K° m e s o n s ? 

D. A. Glaser: N o c o n t r i b u t i o n s were given to m e o n 
these subjects , a n d t h a t is why I o m i t t e d t h e m . 

Discussion on Branching Ratios 

Feld: O n c e w h e n t h e e x p e r i m e n t a l s i t ua t ion o n the 
0^ decays seemed a l i t t le m o r e definite, I t r ied t o e s t ima te 
a n u p p e r l imit for t h e ^ 2 ^ ° decay f rac t ion o f . t h e 0^ by 
a s s u m i n g t h a t t h e s a m e f rac t ion of y ' s w e r e missed in 
de tec t ing t h e n e u t r a l d e c a y m o d e ~of- the 'A^ss ior t h e -0°. 
I n t h o s e days , t h a t e s t i m a t e a g r e e d f a i r ly . r ea sonab ly wi th 
one - th i rd . . . N o w , aga in , y o u tell m e t h a t ^° 's . seem.to. . .be 
missed in t h e /1-decay. If o n e m a k e s t h e s a m e k i n d of 
e s t ima te ( tha t is, a s sumes t h a t o n e gets a r e a s o n a b l e u p p e r 
l imit T o r ' t h e 2^° decay m o d e of t h e 0° by t a k i n g t h e effi­
c iency of de t ec t ion of TT 0 ,S f rom t h e A0 expe r imen t , a s s u m i n g 
t h a t t h e .4°-decay r a t i o is k n o w n ) , d o y o u h a v e a n y idea 
w h e t h e r o n e w o u l d get a g r e e m e n t wi th A T - -\ o r w h e t h e r 
o n e w o u l d still b e off? 
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D. A. Glaser: I d o n o t k n o w exact ly h o w y o u r co r rec ­
t i o n w o u l d go . T h e r e is a difficulty in d o i n g t h a t owing 
t o t he fact t h a t t he 0° general ly m a k e s a wide r ang le in its 
decay t h a n the A0. I n a m u l t i p l a t e c h a m b e r I w o u l d 
t h i n k the efficiency for seeing t h e y f r o m the / l , m i g h t b e 
r a t h e r g o o d . H o w e v e r , in t h e case of t h e 0° i t m a y b e a 
very wide angle decay a n d the y ' s m a y escape be tween the 
p la t e s . T h e geome t r i c a r g u m e n t w o u l d b e different for 
t h e b u b b l e c h a m b e r , so I a m n o t su re t h a t an efficiency 
ca lcu la t ion , b a s e d o n t h a t a s s u m p t i o n , is m o r e useful t h a n 
t h a t we h a v e a l ready . 

Chairman: I w o u l d j u s t l ike t o a s k o n e ques t i on . 
W h a t is the bes t s t a t e m e n t o n e c a n m a k e n o w a b o u t t h e 
b r a n c h i n g r a t io s f r o m K2° i n t o t h e m u o n m o d e , t he e lec t ron 
m o d e a n d t h e T m o d e ? 

Z>. A. Glaser: I w o u l d l ike t o beg off; t h a t is a l ep ton ic 
m o d e a n d I h a v e n o t s tud ied t h e s i t u a t i o n ! 

Chairman: Wel l , w o u l d a n y b o d y like t o m a k e a 
s t a t e m e n t o n t h a t ? 

Ledermann: T h e nicest s t a t e m e n t o n e c a n m a k e is 
a b o u t the th ings y o u d o n o t see. O u t of 180 02° events , n o 
t w o - b o d y m o d e s were obse rved so y o u c a n say t he b r a n c h ­
ing r a t io i n t o 2 'rc's, o r a n y o t h e r two-pa r t i c l e m o d e y o u 
l ike, a r e a b s e n t t o be t t e r t h a n 1 % . A s t o t he m o d e s y o u 
d o see, very litt le is k n o w n . Y o u d o k n o w t h a t t he re a r e 
3 m o d e s (i.e. t he T° m o d e , a n d c o u n t e r p a r t s of t he K m o d e , 
n a m e l y n-e-v a n d n-ju-v), a n d t h e r a t i o s a re n o t real ly 
k n o w n . P r o b a b l y they a r e cons i s t en t w i t h e q u a l a m o u n t s 
ji-ju-v a n d n-e-v b u t t h e 3n m o d e is p r e s e n t less t h a n 2 0 % 
of t he t i m e *\ 

Gatto: A b o u t b r a n c h i n g r a t i o s , m a y I k n o w a b o u t the 
T ' / T r a t i o ? 

D. A. Glaser: I d o n o t k n o w a n y t h i n g n e w a b o u t it 
e i ther . 

Chairman : D o e s a n y o n e h a v e a n y i n f o r m a t i o n o n 
t h e r a t i o T ' / T ? I guess t h a t j u s t m e a n s t he re is n o 
n e w i n f o r m a t i o n . 

Discussion of spins 

Good: I w o u l d l ike t o say o n e t h i n g w h i c h m a y h a v e 
been said in t h e ta lk , b u t I a m n o t qu i t e su re w h e t h e r it was 
o r n o t , a n d t h a t is o n t he A d a i r ana lys is of t h e sp in of t he 

A0. Th i s is subject t o t he a s s u m p t i o n t h a t t h e sp in of 
the K° is z e r o ; converse ly t h e A d a i r ana lys is of t he spin 
of t he K° is subject t o t he a s s u m p t i o n t h a t t h e sp in of the 
A0 is \ . T h i s is m o r e o r less t h e e x p e r i m e n t a l s i tua t ion 
wi th respec t t o t he A d a i r ana lys i s ; if y o u c a n a s s u m e o n e 
of the spins t h e n y o u c a n use al l t h e events in wh ich y o u 
h a v e the o t h e r par t i c le . Y o u d o n o t even h a v e t o see the 
par t i c le w h o s e sp in h a s b e e n a s s u m e d . Th i s enab les y o u 
to use single Vs as well as d o u b l e Vs a n d t o say s o m e t h i n g 
wi th a m o d e r a t e degree of conf idence a b o u t t h e sp in of o n e 
par t ic le subject t o th is a s s u m p t i o n a b o u t t h e sp in of t h e 
o ther , so t h e n ice t h i n g a b o u t t h e L e e - Y a n g t r i ck is t h a t it 
enab les y o u t o say s o m e t h i n g a b o u t t h e sp in of t h e A0 

w i t h o u t a n y a s s u m p t i o n w h a t e v e r . S o I t h i n k a n ice 
a p p r o a c h t o fol low is t o na i l d o w n t h e / l ° - sp in a n d go 
after the K° sp in by t h e A d a i r ana lys i s . 

Chairman: A n y fu r the r ques t i ons o n t h e spins ? If no t , 
we c a n go o n t o t he p a r i t y v io l a t i on p r o b l e m . 

Burhop: J u s t t o get t he r e c o r d s t ra igh t , t he re was o n e 
p o i n t a b o u t a n event t h a t y o u s h o w e d of a 27—^ p decay 
wi th a D a l i t z pa i r c o m i n g f r o m it. T h i s is n o t t he first 
e x a m p l e of this k i n d of even t as w a s s t a t ed . T h e E u r o p e a n 
c o l l a b o r a t i o n h a d such a n even t a n d they s h o w e d it a t t he 
P a d u a conference last year . 

Nataf: A b o u t t he (aP)Ao y o u m e n t i o n e d , I h a v e n o t 
u n d e r s t o o d t h e c o n n e c t i o n b e t w e e n t h e p o l a r i z a t i o n of 
27° a n d 

D. A. Glaser: T h i s was t h e expe r imen ta l ly obse rved 
a s y m m e t r y of A0 wh ich c a m e f r o m 27°. 

Telegdi: T h e r e is a s emi -expe r imen ta l p o i n t c o n c e r n i n g 
the s ign of t he a i n t he / l 0 - d e c a y . D a l i t z h a s a n a r g u m e n t 
w h e r e I bel ieve h e c a n ex t rac t th is s ign f r o m c e r t a i n b r a n c h ­
ing ra t ios in t h e decay of h y p e r f r a g m e n t s , a n d m a y b e he 
cares t o tell y o u w h a t h e gets . 

Chairman: A r e y o u sure i t is t h e s ign of a, o r t he r a t i o 
of t he p t o s a m p l i t u d e s ? 

Telegdi: A s far as I recal l h e gets b o t h b u t I c o u l d n o t 
give y o u t h e a r g u m e n t , 

p 

Chairman : I t h o u g h t it w a s j u s t - . 

Treiman : Yes , I t h i n k it is j u s t p t o s. 
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