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THREE BODY DECAYS OF K
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In the course of our associated-production experiment using the 

Berkeley 1 O~inch liquid hydrogen bubble chamber we have seen nine 

0 "anomalous" K decays. Within their limited statistical accuracy these 

events (a) are consistent with equal leptonic decay rates for K 1 ° and Kz 0, 

(b) are in good agreement with decay rates predicted1 by the "extended" 
. 0 

AI = 1/2 rule, and (c) yield a 1;1.ew value for the Kz lifetime. 

In the entire experiment we find2 497 decays of the type K 1 °- 1f + + w· 

( . 4 0 - 0 ·0 0 that is, N+- = 97), from K produced via tr + p- ..A + K or E + K • 

The production and decay points are required to lie within a well-defined fiducial 

0 + -volume in the chamber. Of the nine K decays which fail to fit , 'If decay, 

2 + - 0 f one (previously reported ) fits v , v decay (N.,. = 1) and eight it leptonic 

~ + ± + -decay into 11' fl v and v e v (L = 8). The incident 1r momentum is known 

precisely. 3 . Therefore the K 0 momentum ls known from ita production angle. 

(There are actually four possibilities, corresponding to A and :z;0 pro(:luction, 

and to forward and backward c. m. production.) For given rest-mass assignments 

to the two charged decay fragments, and from their measured momenta, we can 

determine the missing energy and momentum, and therefore the rest mass of 

the neutral decay fragment. The errors are such that lt is fairly easy to distinguish 

+ - 0 betv-.reen the v 11' 11' decays (135-Mev neutral rest mass) and the leptonic 

* Work done under the auspices of the U.S. Atomic Energy Commission. 

t Now at Istituto di Fisica, Universit~ di Padova, Padova, Italy. 
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decays (zero neutral rest mass) and to eliminate all but one possible l{O 

momentum. However, the four leptonic modes are not easily distinguishable 

among the-mselves, since the total energies of the charged decay fragments are 

determined largely by the momenta rather than by the rest masses. With a 

larger sample of data a statistical separation would be possible. 

A leptonic K0 decay can escape detection by simulating a n+'l'- decay. 

From the available phase space and known measurement errors we estimate 

that less than lOo/o of the three-body decays are thus masked. No corresponding 

correction was made to L. 

The events are listed in Table I and a photograph of one of the decays ls 

shown in Fig. 1. 

The "true" number of K0 produced in the experiment is 2020::1:100. Z 

According to CPT lnvariance, half of theae (K 1 °) should be short-lived 

(N1 = 1010) and half (K2 °) long-lived (N 2 = 1010). 4 Gell-Mann5 has shown 

that i! CP invariance holda, and if the weak interactions ·are not such ao to 

allow E+_ n + e + + v, then K 1 ° and K 2 ° should undergo leptonic decay· 

at the same rate, 

rlL = r2L • (1) 

0 . 0 (The oscillatory interference tt~:rl"ns between K
1 

and Kz disappear in the 

aum over both signs of electric charge of the decay products.) 

There are two ways in which we can check the prediction (1). The firat 

is to look at the time distribution <)f leptonic decays in the chan1ber. Decays 

from K 2 ° should be practically uniformly distributed over their potential 

proper times T. {T is the time interval in the 1~ 0 rest frame between the 
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K0 production and the escape of the K 0- or of the center of mass of the decay 

fragments - across the boundary of the fiducial volume.) Therefore the number 

. 0 
of leptonic decays from Kz is given by 

(Z) 

v-.rhere T = 3.ZlX lo- 10 aec is the K 0 average potential time. Decays from 

K 1 ° should have .• for a. given T, the proper time distribution 

dL1 = N 1 r 1L exp (·~1t)dt, (3) 

between t c 0 · and T. Vle attempt to dlstlnguioh L 1 from L 2 by conatructlng 

a likelihood function involving the fiat distribution (Z), and the exponential 

decay (.3 ). The result is consistent (within one standard devi~tion) with either 

(If 0 D'l 0 - . 100 -,() K 1 or 1001o Kz decays. T is simply not long enough compared 

i 0 1 ( -1 -10 w th the !C 1 ifetime for which we find l\ 1 = 0. 94X 10 sec) to provide 

a aensird.ve test. 

The second n1.ethod o! checking Eq. (1) maltes uae of the ucolumbia" 

results for the Kz 0 lifetime and leptonic decay fraction measured by 

6 
Bardon et al. Their lifetime corresponds to the total decay rate 

+5.2 6 -1 r2(Col) = 12.3 .. 3•5 X 10 sec • (4) 

They find no other 1<2 ° decay modes besides + - 0 'ttf.t."• wev, and 11 tr 1r. and 

find that 85 to 98°/o of the decays are into the leptontc modes. F:r·om Eq. (Z) 

they can then predict the nurnber of K. 2 ° lcptonic decaya, L 2 , expected in 

our e:A-periment. By subtraction we can .fit1d L 1 and check Eq. (1). L 1 ia 

+ .. 0 obtained by nol.·malizing to the 1f 'If decays of K 1 , since they have the same 

time distribution. Then 

(5) 
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where R
1 

is the fraction 0.68±0.04 of K 1 ° that decay into 1l tv·. Z If we 

assume r 1L = rZL • we can combine Eqa. (Z) and (5) to obtain the total 

predicted leptonic decay rate 

L = rlL [ NlT + (N+_/~ 1R1)} (6) 

In order to in.crease the sensitivity we look only in the first K 1 ° mean life. 

Then the first term in (6) is reduced by a factor .,11T and the second by 

1 -1 . (4 0 +0 z . - e • Frorn the Columbia result .Bq. ). we then predict L 1 = .5 .. 0: 1 and 

L 1 1+0•4 L 1 6+0, 7 hi h i b d h b d z = • -O.l , or = ... 0•4 , w c s to e compare to our t ree o serve 

-to ~ I cou11ts that occur between t = 0 and 0.94X 10 sec. We th.us find .a.lL rZL = 

3 s+3•9 • Within the errors, Eq. (1) la satisfied. We will assume that Eq. (1) · -z. 1 

holds in what follows. 

If one assigns isotopic spin I = 0 to leptons, them the hypothesis that 

there is a selection rule J&' ( = liZ can be "extended11 to leptonic decays (e. g. 

+ + . 
K - J.l + v then satisfies the rule.) According to either the extended 

l,; ~ = liZ rule or the "I = 112 current" hypothesis 1• 7 (which allows in general 

I + 0 .oi = 3 2 as well as liZ), the leptonic decay rates of 1'\: and K2 are related, 

0 :!: ... + + 0 
One has I"(K2 - e ll' ~ v) = 21' (K - e u v). and an exactly analogous relation 

with e replaced by l!• If we add tllese tv1o relations, the left side becomes the 

total Kz 0 leptonic decay rate I'zL • The right side can be evalua.ted by using 

K+ lifetimes8 and branching ratios 9 as averaged by Cell-Mann and Roaenfeld. 5 

The resulting prediction 7 is 

' -1 r2L = 13.4 ::!: 1.4X 10 eec • (7) 

Inserting our observation of L ~ 8 leptonlc decayf.i into Eq. (6) yields 

r 4+ 7. 2 1 6 -1 (8) • ZL = 20. _5•6 X 0 sec 
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Our c:;:perimcntal rc6ult (3) is c(•naioten.t \"'ith tl:e prediction (7). 

V.'e nm.r; detern1ine the K 2 ° lifetimes aa follows. Correaponding to our 

one observed r~2° d•.::cay into Tr+ .r- ·rr0 (N
7 

= 1) there should be an additional 
. 0 10 0 + .. 0 

1.!) unobserved decays into 3l! • (The decay of K 1 into u !r '" should 

be nccligible. 10) Thus the .K2 O decay l·ate into 311' is given by 

' 

r 2 ., :::: 2.5 N.,/N2 T = 7.7 X 10
6 sec- 1_, (9) 

based on one event. Since the.l·e are no appreciable K 2 ° decay modes other than 
6 ' 0 

into 3•r and leptons, the total K z decay rate is given by adding our resulta (8) 

and (9) to obtain (subject to the assumption that Eq. (1) holds) 

(10) 

According to the AI = 1/2 rule (but not the I = 1/2 current rule, e'ccept by 

6 -1 + accident) r27 = 6.0 :k 0.4Xl0 sec is predicted from· the kno'l'tn K decay rate 

1 10 . z into 3w. • After notmg the fortuitous agreernent with our result (9). we 

.combine this with the prediction (7) to yield a predicted 1 total K 2 ° decay rate 

I -1 r 2(AI = 1 2) = 19.4:± 1.5 sec , (11) 

in fair agreement w·ith our experimental result (10). 

Finally, since our K 2 ° decay rate (10) is in reasonable agreement with 

the result (4) of Bardon et al we combine the two results to obtain11 

6 6 -1 r 2(UC, Col)= 1 .3 d: 3.5Xl0 sec , 

in e:-.::cellent agree1nent with the prediction (11) of the AI = 1/Z rule. 
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Table I 

I<~ three-body decays,. T is the K 0 proper potential time and t the proper 

lifetime. 

Event 

203999 

235805 

238517 

359059 

385627 

416759 

448646 a 

499237 

501242 

PK 
(Mev/c) 

615 

760 

670 

680 

684 

656 

298 

240 

120 

T 

(lo- 10 sec) 

2.60 

1.20 

2.87 

3.60 

2.87 

3.79 

4.99 

9.16 

13.22 

t 

(lo- 10 sec) 

1.29 

0.56 

1.54 

l.Zl 

0.67 

1.63 

2.32 

3.81 

0.20 

a + .. 0 Decays into 1T tr tr • (The remaining eight decays are leptonic.) 



-8- UCRL-8702-

References and footnotes 

No. 

2 Crawford, Crcsti, Douglass, Good, Kalbfleif;ch, Stevenson, 

and Ticho, Phys. Rev. Lett. Z, Z66 (1959). 

3 Crawford, Cresti, Good, Stevenson, and Ticho. Phys. Rev. Lett. Z, 

llZ (1959). 

4 Lee, Yang, and Oehme, Phys. Rev. 106, 340 (1957), Eq. (31). 

5 M. Gell-Mann and A. H$ Rosenfeld, in Annual Review of Nuclear Science 

(Annual Reviews, Inc., Stanford, 1957). 

6 Bardon, Lande, Lederman, and Chinowsky, Annals of Physics _!, 156 (1956). 

7 Okubo, Marshak, Sudarshan, Teutsch, and Weinberg, Phys. Rev, llZ, 

665 (1958). 

1 Okubo, Marshal..:, and Sudarshan, P~1ys. Rev. Lett. !• lZ (1959). 

8 Alvarez, Crawford, Good, and Stevenson, Phys. Rev. 101, 503 (1956): 

Proceedings of the Seventh Annual Rochester Conference on High Energy 

Physics (Interacience, Publishing Co., New York, 1957); V. Fitch and 

R.. Motley, Phys. Rev. 101~ 496 (1956): Phya. Rev. 105, Z65 (1957). 

Al:~eander, Johnston, and O*Ceallaigh, Nu·ovo cbnento 6, 478 (1957); 

Birge, Pcrldns, Peterson, Stork, and Whitehead, Nuovo cimento !• 
834 (1956). 



-9- UCJU..,-8702 

No. 

10 A. Pais a.nd S. B. Treiman, Phys. Rev. 106, 1106 (1957). 

11 We combine the two lifetimes by constructing a likelihood function (LF) 

for each experiment and then raultiplying them together to form a 

combined · LF. The quoted errors correspond to a decrease of the 

combined LF by a factor e:~::p(-1/2) from its maximum value. (This 

corresponds to 1 std dev for a gaussian.) In terms of K
2 
° mean Ufe 

( 
L. +1.6 1 -8 the result is 7z UC, Col)= c.l .. l.l X 0 t3ec. 



-10- UCRL-8702. 

Legends 

.Fig. 1. Event 416759. The production process is 11'- + p .. 1:0 + KO, 

(1.:0 - A + v). The A decay into p + ,..- occurs closest to the production 

point. The other Vee is beat fitted by K
0 

- • + e + v • A large 

unbalance in the "visible" transverse momentum is obvious by inspection 

in the K 0 decay. 
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