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ABSTRACT 

UCRL-3275 

The p}lase space available to the decay products of T - 311', I:- p + 'TT, 

1\- p t 11', and . _. !\+ 'TT compared to 8- 2 'TT gives the following ratios: 

p(T) ""l0. 3 tol0-4 

p( 6) 
~) = 2.6, 
p( 8) 

p(l\) = 
p( 6 ) 

1.1, and p(.=:) · = 0.91 (2SA + 1), 
p( 6) ' . 1\ 

which are then compared with the following observed decay rates 

T llo 3 
u o-______ ::::: 1 • 

10 T 7' 

= o· 4+0. 3 
. -:-0.1 

7' 0 . 
6 ,-

7'-

The ratio of p(T) - 10- 3 leads one to suspect that the Lee -Orear cascade 
p( 0) 

process with the T as the parent particle is the most likely on the basis of 

phase space argume'nts alone. The possibility of eXplaining the observed 

relative d~acay modes, the masses, and the equal lifetimes of the K mesons 

on the basis of the Lee ..:Orear scheme, and the parity conjugation scheme of 

Gell-Mann and of Lee and Yang is considered. 
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Heavy-'Meson Lifetimes 

uc~~L- 327 s 

In an attempt to reconcile the different spin-parity properties of the 

··de · 1 • 2 • 3 ·h h - l'f · 4 • 5 • 6 • 7 d · · 1 · T an. mes.on w1t t e same apparent 1 et1mes . an approx1mate y 

equal masses, 
8 

Lee and Orear 9· (henceforth referred to as LO) have suggested 

a genetic relationship between the .,- and e. In· this scheme, the daughter 
. -9 

particle would have a lifetime of the. order of 10 sec or less, very short 

compared with the lifetime of the parent. • The observed apparent lifetimes 

would then just measure the lifetime of the parent. LO considered two 

possibilitie,s, one in which the 6 was the parent and the · T the daughter; 

the other in which the roles were reversed. 

If the phase space of the decay products is an important factor in deter

mining the relative decay probabilities of' the . .,. and e-, then the ratio of the 

phase space for 3rr decay to that for 2rr decay might tell which particle would 

most likely be the parent. 

The result of this calculation is 

R3 
(dN 

3rr 1 (W)2 v .. <IE ( 1) = = 
3 3/2 (:cp)(mkc

2
) 

3. 
R 2rr 

(m:c 2 
2rr I 

I 
) 

I 

whe-re W is the kinetic energy of the three rr1 s associated with the 7 

( = 75 Mev) and p is the momentum of either of two rr1 s associated With the 

6 (::::: 200 Mev/ c). The relative decay rate depends upon the volume V i_n 
. 4 . I-t\ \3 

which the 

R3 
then 

reaction takes place. If one chooses a volume V::::: .,.. rr { ___ ) . 
. J \mkc 

becomes -2 x 10-
4

. However, the volume V might conc.eivabl y 
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R 
4 

be as large as l_·_;...h_· -)
3

·,· 1T '. 

\m c 
then, _]-7 -3 X lQ .. Angular -111 on1.:!nlurn 

3 \ 1T . Rz 

conservation could enhance the 3rr decay relative,to the 21T decay by a factor 

of the order of two, in addition to the v factor, if the 7" and e are both 

assumed to have spin zero. 
4 /-h' ,3 . . 

as rr(-- i the rat1o 
3 \ m c i 

. 1T / 

Even if the interaction volun1e is as large 
R3 

is still significantly smalL 

Similar phase-space calculations have been made for the hyperon decays. 

T.hese are in rough agreement with the observed lifetime ratios and are 

presented later in this paper. 

In addition to the above phase -space considerations, an order -of

magnitude calculation similar to that of Fermi
10 

for the rr0 
decay was made. 

The following diagrams show the assumed intermediate states involved in the 

decay processes. Here e
4 

is the constant for the coupling of the K meson 

to the nucleon. This coupling involves a change in isotopic spin {rom 
1 1 

I = - , .I = - for the K to I' = l, I' = 1 for the p, n, an. d hence a 
2 z 2 z . 

"strangeness" change of one unit. Further, e
2 

is the usual Yukawa coupling 

constant and p and n are the virtual proton-anti-neutron pair. 

0 
1T 

+ 
Tf 1T+ 

Zn Decay 3rr Decay 

Fig. 1 Decay diagrams. 
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, 
The: result of this calculation 15 

(2).' 

where 1s of the order of l/ 4 to l. This calculation is of course 

independent of the interaction vo~ume( ~ \3d seems 

with Eq. (l) with V chosen as - rr -- l . 
3 .mkc; 

to be in better agreen1.ent 

R 
The above results, with - 3- ~ 10-

4 
to 10-

3 , w~uld indicate that the 

Rz 

-r and 8 would have the properties that LO would require of the parent and 

daughter respectively. If one assumes that the T and e both have the same 

spin and differ only in their parities then one cari make use of the observed 

K 7 ( = · 3 rr) in the emulsion stacks, and of the observed 
rr-2 

ratios of K 
J.Lz 

lifetime of the KJ.1
2

, to determine the partial transition rates RJ.l, R
3

, and 

R Here R and R are the transition rates of the 7 into a J.1 + v and 
y . J.1 y 

e respectively. In general, the 7 and e might be expected to have different 

rates of decay into J.1 + v. Bludman, ll offers the conjecture that these 

decay rates · R
7

J.1 and Re f.l may be equal. The following figure shows the 

LO decay scheme according to these assumptions. 

/ 
R A'(egligible Rz J.1 

/ contribution 

/ 

3rr 
II 

J.L+ v 2rr 

Fig. 2. Decay scheme according to LO. 
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Whitehead et al. 
12 

give the amounts for K 
!-lz 

57.3.:±: 2.5%,·31.·2 :±:·3,0%, 6.9 ±0.7o/o, 2..5 :±: l.lo/o and 2.1 :±: 1.5o/o respectively, 

where an additional 5o/o error should be compounded with the above ert·ors to 

k f . bl , . h 1' . f . 6 , 7 f h ta e account o. possi e un.,(nown systemat1c errors. T e 1 etnne b t e 

K 
. . -8 . 

is taken to be 1. 2 :±: 0 .. 15 :x 10 sec. With these data we obtain 
!-lz 

-1 
R 

-8 = 2.1 :±: 0.3 x 10 sec, 
-1 -8' -1 -8 Ry = 3.9 :±: 0.6 x 10 sec, and R

3 
= 17 :±: 3 x 10 sec. 

jJ. 
·. . -1 

The above value of R is to be compared with the value pre die ted by 
. ,.' 13 jJ. 

B1udman and ~uderman on the basis that the K meson acts like a heavy pion 

f ' -1 . -8 
as. ar as lepton decay is concerned .. They obtained R!-l = 1.8 x 10 sec. 

R By.using the above -determined value of R
3 

and the calculated ratio 
3 -4 -3 . -1 , -10 e of ,.,.10 to 10 we obtain R

2 
- 0.2. to 2. x 10 sec for the lifetime. 

Rz 
This is within an order of magnitude of the obs,erved e0 lifetime 

14 
of 

6 
-10 

1. ± 0.5 x 10 sec. In the sense of the calculations made in Eqs. (1) and 

(2.) the e·± and e0 
would all have the same lifetimes. 

Another interesting number can be obtained by comparing the above R . y 
with the two-photon emission rate in a (0, +) ..... (0, -) transition between charged 

K rnesons of mass mk and mass difference ~mk. An estimate of Ry 
15 

gives 

R y (~mmk )3. 
k 

10 13 sec- 1 
( 3) 

Frqm this we obtain ~mk - 13me, which is probably accurate to within a 

factor of two. This value (13m ) can be compared with the observed mass 
e . 

difference of the 'T and e as determined by the measureme.nts on the secondary 
. 1 12 part1c es: 

=6±2..5m 
e 

M -M = -0.3±2m 3'll" iJ.+ v e 
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The scheme shown in Fig. 2 would indeed give a I< mass the sarne as LlH:: 
1-lz 

7 mass. 

The evidence, though still not conclusive, seen1:3 to i-ndicate that the 

LO scheme with the 7 as the parent is the co'rrect o'ne. At present an 
6 . . - . 

experiment is 1n progress that is designed to detect any '{ rays that may 

e transition. be present in a 7 -

Lee and Yang 
16 17 

LY and Gell-Mann GM have reu~ntly proposed th-"t 

there is a· new sym,metry operation called parity conjugation that turns a 

'T meson of minus parity into the e of plus parity. The fact that the masBe!:l 

of these two particles are the same or slightly different just means that 
17 . 

parity conjugation is conserved or very nearly conserved. GM _points out 

. that parity conjugatiort is conserved in electromagnetic interactions. and 

hence the conservation is violated only in the very weak interactions that 

are res,ponsible for the long lifetimes of the particles .. The-result of this 

requirement 1s that the mass difference is very small compared to the 

mass differences required by the LO scheme. Therefore, the LO scheme 

and the GM .scheme cannot be compatible. 

L Y, however, would allow as one of the possibilities that parity 

conjugation is not conserved in electromagnetic interaction and hence 

that a mass difference of the order of the TT± - TTO mass difference co~ld 
be produced .. The parity conjugation scheme would predict equal numbe~s 

of -r's and 8's produced in association with hyperons that would themselves 

differ from each other only in their parity. The lifetimes of the -r' and 8 

would not necessarily be the same in these schemes. 

In order to ascertain whether the GM and L Y schemes, toget~er 

with the Bludman hypothesis that R = Re - R , could be consistent 
I 'T~ -~ IJ.. 

with the experimental data, Bludman suggested the following decay scheme. 

The a11thor, in coll~boration with A. H. Rosenfeld, solved the resulting five 

simultaneous equations. As the equality of the -r and 8 abundance ~xits 

only at the target, one must take into account the fact thal the detector is 
-8 • . 

about 1. 3 x 10 sec (proper time) from the target. 
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-r e 
'T'T 

\~'~R~~~R'T6 
\ ~ \ 

}:- . ~t:. ~ 
3'lT 1-L+ v 2n 

Fig. 3 Decay scheme according to Bludrnan. 

l . f . 6, 7 
1 etune The abundance ratios from Whitehead et al. 

12 
and the observed K 

'lT2. 
of -r 8 = 1.3 ± 0.2 x 10-

8 
sec were used topredict the 'T lifetime -r 8 and the 

partial decay rates R' 3' R 1

2 and R~ on the basis of the above decay scheme. 
· -8 ·I -1 -8 

The results gave 'T = 0. 39 :1:: 0.05 x 10 sec, R = 2..0 x 10 sec, 
t -1 7 -8

7 
1-1 -81-l 

R 2 = 3. _x 10 .. sec, and R 3 = 0.49 x 10 sec. 

The pr~dicted 'T lifetime is in disagreement;with the observed 

T lifetime: 

T = 
'T 

7 +0.12. 10-8 
. 1.2 -O.Z x sec, 

ro+O.? xl0-8 sec, 
. -0.3 

0.8~~·.~ x 10-
8 

sec. 

(Fitch and Motley
7

) 

4 
(Alvarez and Goldhaber ) 

. 5 
(Harris, Orear, and Taylor ) 

This could mean that LY and GM are right and Bludman wrong, or vice 

versa; that both are wrong, or that some·_ other process is occurring. 

If one retains the parity conjugation scheme of GM and LY and uses the 

observed lifetimes of the 7 and 8, one can predict (a) that R /R 0 :: 2..5 ± 0.3 
'T 1-l . f.l 

if the small fractions of K 
3 

and K mesons come 
1-l e3 

equally from the 'T and 0; and 

(b) that R /R. =2..0±0.3 ifthe K 3 and K 
'TI-l -f7).l. 1-l e3 

n•esons con1e only fron·1·the 

T. 

The inconsistency mav: be resolved for LY and Bludman if one introduces 

the LO cascade process in addition to the other 

seriously the calculation that R 3 -; 10- 4 to 10- 3 . 

Rz 

'T -decay modes and if one takes 

The 8' s that are pr educed at 

the target naturally never reach the emulsions or the counters, since these 

detectors are approximately 10-
8 

sec (proper time) from the target. These 

short-lived 8+1 s would be seen only near the target. There seems to be 
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conflicting evidence as to the existence of such a short-lived + K component 

in the cOsm:c ray experirnents, where the 

Arnold et al. lS and Trilling and Leighton, 

detectors are near the "target11
• 

19 
using cloud chambers' both 

report a lifetime of charged K-mesons of the 

However, Fre tter et al. ,
20 

with very similar 

. -10 
order ot 5 x 10. ·sec. 

J 

equipmen·t and geometry, do 

not see evidence for such a short-lived component. They quote a lifetime of 

6 + 00 -9 . . 
'Tk = .7 _

5
.
5 

x 10 sec. There seems to be. little evidence in the cosm1c 

ray emulsion stacks for such a short-lived component. 
21 

Hyper on Lifetimes 

One might suppose that if the phase space is important in determining 

the relative decay rates of the heavy mesons, then it may be important also 

in determining the relative decay rates of hyperon~ not only with respect 

to each other, but also with respect to K mesons. It may be expected that. 

the same process involving the "strangeness change" coupling constant e
4 

occurs in both hyperon and K-meson decay. For instance a crude picture 
22 

might be that of a nucleon and a K meson bound to form ·a hyperon. The 

decay process could be depicted in a fashion similar to the forced p.-decay 
10 

process of p. + P _. N + v. (See Fig. 4.) 

n 1T 

n 

Fig. 4. Hyperon decay diagram. 
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22 
This is undoubtedly an oversimplified picture of the hyperon decay proces.s, 

but is used to illustrate the possibility of a common ''strangeness change" 

process in both heavy-meson and hyperon decays. Consequently the ratio 

of the decay rates of hyperons to K-meson decay rates would be roughly 

independent of e
4 

and would probably be determined primarily by the ratio 

of the phase spaces. These phase -space ratios are compared below with 

h b d t . f. h l'f . 14 
t e o serve ra 1os o t e 1 et1mes. 

Phase space ratios Observed lifetime ratios 

RI: 
= 2. .6 

1.1 = 0.4~~·.; 

R_ 
= 0 • 9 1 ( 2.5 !\ + 1 ) (T_ -10-lO sec) 

or 

ll ± 5 

When one reali'zes that the strangeness -change process slows the decay 
23 -1 . 10 -1 

rate from -10 sec to -10 sec it seems quite remarkable that the above 

phase -space ratios could be as close as they are to the observed lifetime ratios. 
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Conclusions 

The rough agreement of the calculated decay-rate ratios with the 

observed lifetime ratios of the "strange particles" would suggest that the 

most important factor in the relative decay rates of the strange particles 

is the available phase space for the decay products. These comments would 

not apply to the partial decay rates that involve lepton emission. It appears 

very likely that, the pr'ocess by which the lifetimes are lengthened is a com

mon process for all the strang·e particles. This process is assoCiated with 

the coupling constant e
4 

-10-3e to l0-4e 

We wish t~ thank Drs. Sidney Bludtnan, Stephen Gasiorowicz, and 
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