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When no conservation law is assumed--P, C, CP, T, or CPT--

1 R. Sachs has shown that the time dependence of a K 0 -i<0 mixed state can 

still be described with the help of a short-lived state JKs) and a long-lived 

state JK~) : 

JK-s) = Ps JKo) + qs JKo) 

JKL). = PL JKo) ~ qL JKo). } 

,< 1~' .. 
(I . 

•' 

1-4-
Several authors have set limits for the parameters Ps• qS' pL' 

and qL under different assumptions· concerning the decay processes--either 

CPT invariance, the .61 =! rule, or excluding the possibility of accidental 

'· I cancellation. To our present knowledge, ·it has not been pointed out yet how 

well all these parameters are known from already performed experiments, 

from the properties of unitarity, and from an assumption of negligible C 

violations in strong interactions only. 

Of the eight real parameters that define the four complex parameters 

five can be chosen by convention if no conserva-

tion law is assumed• We take the following conventions: 

i 8/2 -i 6/2 
Ps = cos~S e pL = cosaL e 

( 2) 
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The following restrictions can be imposed: 

( 3) 

- tr/2 ~ 0 ~ tr/2 • 

Without assuming any invariance in the decay process, we determine a.
5

, a.L' 

and 0 from known experimental results. S- 1 1. Our result is given in Eq. 20. 

call 

and 

is a particular state into which the K mesons can decay, we 

the rate of d~cay of a pure IKs) ( IKL) ) state into IJ) ·. and 

* * = Pg PL- qS qL 

= cos (a.
5 

+a. L) cos 0 -T·COs (ct
5
'- a.~) sin 6. '.. ( 4), 

Unitarity giyes the relation12 

2 ~ (r? r~> 1/2 
~ 'J J J 

I .. 1 -1 I, 
T 5 + T L- 2i ~m 

T
5 

= IK 5) lifetime= (0.88±0.01) 10-
10 

sec, 

TL= IKL) lifetime =(5.8±0.6)10-
8 

sec, 

.., 
(5) 

t ·.' 

~m =mass di.fference betwee~ IK5)· and IKL);::; (0~55 ±0.1.) T~1 
•.. : .~ ... 

~~ q .• 

"• 

From the inequality ( 5) and using a Schwarz inequality and the :relations ~· 

r s . -t rL . -i 
~ . = .,.5 and :I; • . = TL , 
J J . J J 

. h 1 . 1. 3 we get t e re atlon 

( 7) 
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Three experiments have measured the short:;-life decay ·rate of K
0 

into n + 11'-. 
6 Acco.rding to out description and convention, those results are 

a measurement of the quantity 

r s . 2 
n+n- Sln a.L -1 

-i---~IC-1-.;-2-- = (0.36::1:0.01) 'rg • ( 8) 

Several experiments have measur~d the branching ratio of IKs) into 2n° 

· to IK 
5

) into 11' + 11'"": 
7' 8 

. s s 
r. 2no/r n+n- = 0.46 ::1:0.02 • (9) 

Two experiments have measured the ratio R of the reactions 

pp ..:. K 0 + (system of particles with negative strangeness) and 

pp - K0 + (system of particles with positive strangeness) when the K 0 or 

· · the K 0 decays into two charged pions. 9 We assume that C violations in 
I . 

' 

.. 

•. 

. ' . 

·-· 

strong interactions are small compared to the accuracy of the experiments; 

therefore. equal amounts of K
0 

and K
0 

are produced. Considering .that 

the ratio R is 1about 1 and that the state IKL) decays into 11' + w- no more 

than 0.2% of the time, 10 while the state IKs) decays into 11' + n- with a 

branching ratio of at least 0.36 [from relations ( 7) and ( 8)], we con~lude that 

only the short-lived state IKs) contributed sensibly to th~ 11' + 11'- ~ecay, . 

whenever a K
0 

·or a K
0 

was producea initially. Therefore R ·is a measure-

2 ment of tan a.L. Combining both experiments, we get 

2-
tan a.L = 1.0::1:0.03 • ( 1.0) 

· Moreover, combining ( 7), ( 8), ( 9), ( 1.0) we get 

s -1 

} 
r + _ = < o. 12 ::1: o.oz3} .,.s 

.11' 11' 
(H) and s . ·. . . -i 

., 
r 2 11'0 = < o.33 ::1:: o.018) .,.5 • 
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s s r + - + rz o. 
1f 1f 1f 

We also can get the total rate for decay into two pions, 

by using references 6 and 7, and combine it with the direct measurement of 

r ~+n-· + r ~nO given in reference 8 (using also relations (7) and ( 10): 

r s s -1 + _ + r 
2 0 = ( 1. o 3 4 ± o. o 3) .,.

5 
• 

'11' '11' 1f 
( 12.) 

Because the sum of all decay rates of the j.K
5

) state should add up 

to 'T ~ 1 , by using Eq. ( 12.) one can set an upper limit to. the decay rates into 

all final states that are not two pions: 

s -1 
r not '211' < 0 •03 

'T s 

We can now turn to the jKL) decay rates. Christenson et al,, 10 

have measured 

L -3 -1 r + - ': 2. X 1 0 TL • 1f 1f . 

An upper limit for the 2'11'
0 

decay .mode of the jKL). state, • 

L -3 -1 r 2 no < 8 x 1 o 'T L , 

( 13) 

: ,. 

( 14) 

( 15) 

, has been set. 11
1 Therefore most of the jKL) state decays into states that 

are not two pions: 

( 16) 

Substituting ( 11), ( 13), ( 14), (iSLand ( 16) in Eq. (5), we get 

IK I~ 

< (1.3±0.45) X 10-2 • ( 17) 

Relation (4) implies that 

I 1
2 z(· ) z 6 2(· J) . 2 6 I( = cos a.s + o.L cos + cos o.s - u'L Sln . , ( 18) 

... ·~ .. 

. • c 

.· 
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In ( 18) cos (aS - aL) cannot be close to zero- because of relation ( 10) and 

the restrictions (3). Therefore ( 17) and ( 18) imply that aS+ aL ~ Tr/2, 

and 0 ~ 0. More precisely, we have 

[ I . ] 2 2 -4 
aS + aL - ( Tr 2) + _0 < 1. 7 X 10 . ( 19) 

The value given in Eq. ( 19) can be increased by a factor of 2 if we stretch 

the error by one more standard deviation, 

Relation ( 19) represents a condition for both aS+ aL and 0. Using 

( 19) and ( 10), we have 

and 

as = Tr/ 4 ± 0.015, 

aL = Tr/4 ± 0.008, 

(J = 0 ± 0.013 • 

( 20) 

These values show that our parameters are determined without assumption 

. of a conservation law in weak interactions. • They are close to their theoret-

ical value if CP were conserved, i.e., 

and 
aS = aL = Tr/4 

(J = o. 

Relation (20) shows that the measurement of 

} (Zi) 

14 decay rates 

(made under the assumption that Ps• qS' pL, and qL are close to 1/~ 

are valid. We could now split the r t 
2 

into several categories, but 
no Tr 

this would not improve our result (20) sensibly because of the uncertainties. 

about the IKs) decay rates in the already performed experiments 15 and 

about possible unknown modes of decay of IKL) • 16 

The errors quoted in ( 20) result from quadratic combination of 

experimental errors and the condition of unitarity (5). Because the latter 

is an absolute limit and should not be interpreted as a Gaussian error, the 

··~' 
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probabilities of situations corresponding to several standard deviations in 

the errors in a
5 

and 0 are somewhat less than those expected for a 

Gaussian distribution • 

Since this work was performed, we have seen a preprint by Bell and 

Steinberger 17 in which our unitarity condition ( 5) is derived. They obtain 

a somewhat better constraint than our relation ( 17) for I K I under reason-

able assumptions about a few decay rates. 

I am indebted to Prof. L. W. Alvarez for his support, Prof. F. s. 

Crawford, Jr. for enlightening discussions, and Dr. A. Barbaro-Galtieri 

for making available sop1e experimental ~ata used in this paper • 

1!./' ·,··· 
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