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In this Letter wc describe a measurement of the absolute decay rate 

+ * r2 (t  - 0 )  I' (K: - n a no). Our result is based on 16 events of the type 

$ 0  n-p -A KO followed by A  -pn- and K: -a n no. and 2608 double-vee 

+ -  events n a p - c ~ ~ @  with A - ~ T '  and K: y n  n . W e  find 

6 ' - 1  r2 (+ - 0 )  (2.90 a 0.72) x 10 sec . - - 
This reeult can be compared with the prediction of the 'IAI I a 1/2 rule for 

nonleptonic decay., that r2 (t 0 0) and r( + 00) l 7 ( ~ + +  nt no aO) a r e  

i 
I 

related by 

r2(+ - 0 )  = ~(1.032) r ( t o o )  , ( 2 )  

where the factor 1.032 corrects for small m a s s  differences. Equation (2) 

holds fo r  any linear combination of the three I = 1 three -pion states. i, 2 

Taking r(+ 00) from a compilation of K+ branching ratio* and lifetimes, 3 
-B 

one obtains the prediction of the A 1 2 rule, 



The excellent agreement between our experimental result ( i )  and the 
I 

" '  4 prediction (3)  showa that the IAY~ = l/2 rule is well satisfied. 
k 

The ratio r2(+ - o)/I' (+  00) affords a sensitive test of the IATI T 1/2 

rule. To exhibit this nonAtivity we parameterize the effeqt of a small 
r" 

= 3/2 amplitude A for K - 3a under the annumption that the 3 / 2  - 
dominant A 1 = 2 amplitude leads to the symmetrical I = i three-pion 

-C 

state, but with no such restriction on the ' I A I  I 3/2 amplitude. Then, if 

I A  /Ail2 1' ' is neglected, our sxprfrnental result expressed in the 
3/2 

t 

The remainder of this paper is concerned with experimental details. 
U 

The Alvarez 72-inch hydrogen bubble chamber was exposed to a- 

beams with momenta bstween 1035 and 1325 ~ e V / c .  All film was scanned 
i 

for single and dpubls vees whish ware analyzed ueing the least-  square. 

fitting program KICK. For  tho present experiment events of the type 

a m P p - . ~ ~ O  were u q d ;  KO eventa were not used. All s i n g l e 4  events 

were rescanned along the direction of the unobserved KO, as predicted by 

the fitting program. We believe that the resulting overall efficiency for 

finding associated K decaya is nearly 100%. 
\ 

Most of the double vees fit the hypothesis a e p p - . ~ ~ O  with A - ~ T -  and 

t -  K: - w  a .. Those within the fiducid volume that fail because the assumption 

t -  K: - n .a fails a re  analyzed as follows. The fitted parameters for the decay 

A - ~ U -  a r e  propagated to the production vertex. At the production vertex we 

perform a 3-constraint (3-C) f i t  using the decay-fitted A, the incident n-, 



and the measured direction of the K O  determined from the two-point 

2 neutral track. We accept events with production y ( 3 4 )  < 45, The KO 

momentum vector is then well known and is used as input information for the 

following hypothe ss a r 

2 A. KO., w + r 0  v0 ( i-C, n' unseen). For x (i-C) < 10. the decay ie a T* 

& f candidate. About five events h a d r z g  an obvious c or )r track Eire 

discarded. There are thela 20 c=an&&ter. 

t -  B. KP -. 2n0 - e a ynO. We assume that the charged tracks are electrons 

and calculate their invariant mass m(af eo). For m(e+ee) < 85 MeV, the - .  

event is to be discarded, udese we can prove by other means that this 

hypotheeis is wrong. W e  expect a total of about 32 Dalitz decays in the entirg 

experiment. and of them we expect 91% to have m(s's') < 85 MeV. ' None . 1 - - 
of the candidates is discarded, 

2 t -  C, K' - rpv, rev, or nny ( i-C fit). Candidate 1720440 ha. x (a a v )  = 2.6 

2 + -  2 t -  2 + -  and x (a a m O )  =2.9; candidate 1739122 has x ( r  e v )  ~ 0 . 3 .  x (a r no) 6 2 .  
I 

Gap counting on the negative track unambiguously proves them events both a r e  

t -  2 t.. 2 + a  
n e v .  Candidate 1492562 has x (p a v )  = 0.0 and x ( n  n no) = 3.8; 

gap-counting dose not reaolve the ambiguity. From our 1-C X2 distribution. 

f -  (reference 8) we bet I4 to 2 against n IT 1'. In addition, aay completely 

t -  ambiguous 3 -body decay would have a prlori about 5 / i  odds against s n no on - 
the basis of known branching ratio's. We should perhaps count thie as 1/35 

event; instead we discard the candidate, Candidate 1458048 i a  nearly 

unmeasurable and is completely ambfguoua. It should perhaps count a a  0.2 

evsnto, but we discard it. None of the remaining 16 7' candidates i e  arabiguoua. 

t -  0 D. K ~ O  -. a n ; nt (or  n ) suffers a small (unobserved) ecatter, We delete 

the wt ( o r  r 3  and fit ( 4 4 )  to the hypothcds K; - w' (unmeam.arsd) 

2 + n" (measured) (and tale0 with the a ims  reversledl. For y ( 1 4 )  < 10, the 



event is a possible CouIorrib scatter* However, we do not re jec t  the event as 

a ~"andidatc unless the "scatteredH pion satisfies 

I '~Pk.tteci. fitted - 'measured 1 4 2000 ( ~ e ' V / c )  deg. Tkia condition is chosen 

after considering the form w d  ~n;;gnituda of tho Rutherford-scattering cross 
1 I 

eection, GO that out uu" 3000 a z o x ~ ~ d  :ifiublc vcca, ady a; calculated 0.3 

+ .  off. Thie cutoff also eliminates K: -r rr 3 dccaye £oilawed 

f a i l  to be cut 

by a small-angle 

also eliminated, 

but in any case they are eotirnzted to be negligible. None of the 14 T' 

candidates are rejected by thie cutof& 

We are left with i6 r o  cevaats. There arc no correction factors for lost 
I 

or cutoff events. The charactarintico of the events are exhibited in Tabla I. , ' ,  

Their tiavo diatributi~n Is shown in Fig. 1, There is no evidence for an 
1 

enhanced 7 O  decay rate within tho first K: mean life. This agrees with 

6 - the expectation that the rate for K: - n n no is negligible compared to that 

for K: - R+ W* T O ,  We therefore Use all of the T O  decap, including thoee 

within a few ~t mean lives. 
The rate r2(+ - 0) is e q d  to  1.014 N(+ - o ) / T ~ ,  where T2 is the total 

of tho K; £light times in the fiducial volume, and N(+ - 0 )  = 16 is the 

number of observed 7' decaydo W e  obtain TZ by using Ula 2608 

acceptable normal double vees. Tho accopbnce criteria for fi-ppn- are 

fnderper~dent of the K dccay mode. For a givcn acceptabler A, the 
/ 

4 - probability of obtaining an accepCaMe U P  -. rr n decay and hence an . 

to and ti are the inidmum and maximum acceptance times for 



-5 - 

K; - n' n. 13 Corresponding to an accepted normal doubl e vee, the average 

number of acceptable A'B is 1 / ~ ,  and their expected con&ibution to T is . 2 
( 2  ( i )  ti. i4 W e  then obtain T2 by summing over all acceptable normal 

double vees. T~ 12 ( i /2)(  */PI ti = B*'Z [exp( -t0/74 .. e ~ p (  -t /7 ) 1 ti. 15 
1 1  

W e  find B T2 4.06 x 10'~ sex. Our f i n d  result is $ 
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5 
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-3 
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\ 
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t -  4. Four of the present i6 decaye KP -. n 1 wo ars included in the 

3 experiment of Alexander et  al. Based on these four decays, and a c -) 
' 

correspondingly smaller number of associated produc tiod events - - 
T ~ - ~ - - A K * ,  Alexander s t  al. obtained the direct result 

6 rZ(+ - 0) = (2.66 i 1.34) x 10 aecmi,- in agreement with the present 
I 

result baaed on the complete sample of i6. These authors also obtained 

r2(  + - 0) indirectly, using their own absolute decay rate for ~ , ~ - l e ~ t o n s  
&, 

(based on 14 events) and the branching ratio r2(+ - 0)/r2 (all charged) 

of D. Luers, I. S. Mittra, W. J. W i l l i s ,  and S. S. Yamamoto, Phys. 

Rev. Letters 7, 255 ( 196i), In this way they obtained ~. ' - . ' F  

r2(f - 0) a (1.44 0.43) X 1o6 secWi, in poor agreement with Ulcir own 

direct reeult, wiU1 the result of the present complete sample, and with 
-s 

the value predicted by the 1 A1 ( i/2 rule. 

5. The decay rate r2( + - 0) can also be obtained indirectly by combining 

the K: lifetime 72 with the branching ratios v = r2(000)/r2(ch) and 



X = r2{+ O)/SZ(ch). under the assumption that there are no additional 

unobserved neutral modes. like KP-. yy. R. H. Dalitz, Proc. - 
Brookhaven Conf. on W e a k  Interactions (Brookhaven National Laboratory, 

September 1963), haa combined the available data on T ~ ,  v ,  and )r 

6 4 from eight different expcrimente, to obtain l?.&t - 0 )  =( 1.93 1 0.35)X 10 sec . 
This result differs by 2,3 standard deviations from the prediction of 

Eq. (3). ]In the notation of Gq. (4). i t  correapond~ to 

Tbe 3-C production XZ distribution for the final 16 TO eventa is as fo1low.z 

X2 = 0 to 3.67, 8 events (we expect 11.20); 1.67 to 7.82. 5 events (we 

expect 4.00); 7.82 to 16.27, 3 events (we expect 0.78); > 16.2, zero events 

(we expect 0.02). Thus the expected and observed XZ distributions are in 

. excellent agreement. Since A production and decay occure only about 

once in 30 pictures, there is only one chance in 900 of finding a 3-body KO 

I 

decay with a poseibly ambiguoue origin. (We do not use oingle-vee I 

3-body ECO decays.) 
I 

7, ' N. P. Sarmioo, Phys, Rev. 421 275 ($961). I 

2 8, The 1 4  ' decay x dietribution for th6 16 final v0 events i a as follows: 

2 
... / 

for x = 0 to 4.07, 7 events (we expedt 12.2); 1.07 to 3.84, 7 event@ ' 

(expect 4.00); 3.84 to 6.63, 2 events (expect 0.64); > 6.63, zero events 
, 

(expect 0.02). 

9. The decay K ~ O  - r'rr-no ie  forbidden for totally symmetric 3n statoo, 

and the contribution from noneymmetric states is expected to be a d 1  

becauee of angular -momentum barrier effecter. See for instance, 

S. Treiman and S. Weinberg, Phys. Rev. 1% 239 (1959). 

$0. The mean decay distance for Kt ir large compared to the bubble chamber. 

I A 8rnal.l correction factor of 1.014 arise. from the total attenuation by 



decay of the K Z 1 s ,  The attenuation by interaction in the hydrogen is 

even less Important and is neglected. 

11, This i e  our weighted average of the compilation by M, Chretien, 

V. K, Fischer, fC R. Crouch, Jr., R, E. Lanou, Jr . ,  J. T. Massimo, 

A. M, Shapiro, J. P. Averell, A, E, Brenner, D. R. Firth, L. G. 

Hymrm, M. E. Law, R, W. Milburn, E. E, Ronat, K. Strauch, J. C. 

Strsot, J. J. Sayrnanolci, L. Guerriero, I. A. Ploss, L. Rosenson, and 

G, A, Salandin, in Phys. Rev. 131, 2208 (1963), Table IV. - 
12, Thie i s  our weighted average of the compilation by Frank S. Crawford, Jr . ,  

in Proceedings of the 1962 International Conference on High-Energy- 

Physics at CERN (CERN, Geneva, 1962), p. 839. 

13. In the film analyzed at Wisconsin to = 0 was used. At Berkeley to 

corresponded to a cutoff a t  0.8 cm. The time ti is the potential proper 
I 

time corresponding to the decay fiducial volume. The production fiducial 
R 

volume is slightly smaller than the decay fiducial volume, so that large 

values of i / ~  are excluded. 

14. W e  impose po to cutoff for r0 decays. 

15, In reference 3, the procedure was to use a11 of the acceptable A decays, 

irrespective of whether there is an acceptable K: decay, and sum over 

the calculated potential K O  times. In that case one need not use the 

value of B, However, B is extremely well known,' 80 that the two 

methods a r e  equivalent. Thie was verified by comparing the methods in 

the film itinalyzdd at Berkeley (75% of the total), 



2 Table I, Details of the decays. 
I X~ 

is for the production (3-C), 
2 

Xd is for the decay (1*C); pKo ( lab , )  i s  obtained from the 

production fit; tKo i s  the K 0 proper time from production to 
2 

decay. T+, T-. and To are the decay pion ,?-' . 
kinetic energie's in the K O rest frame. 

2 



FIGURE LEGEND 

Fig. 1. Proper time distribution of K - rt a- no event.. The vertical 2 

lines.givc the individual times of the 16 eventa. The ernooth curve is 

their expected tima distribution: its ehape is entirely deierminad by r 
' 

the fiducid' volume and the ' KO momentum distribution, because 

attenuation of the K ~ O  by decay i a  alinost negligible.i0 The histogram 

of the 16 evente has the same normalization aa the smboth curve. 
L 

I , I  P ,  





T h i s  r e p o r t  was p r e p a r e d  a s  a n  a c c o u n t  o f  Government 
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m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A.  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  any  i n f o r m a t i o n ,  appa -  
r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any  i n f o r -  
m a t i o n ,  a p p a r a t u s ,  me thod ,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any employee  o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee  o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee  o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  such  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commiss ion ,  o r  h i s  employment  w i t h  such  c o n t r a c t o r .  




