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Resulto are preeented concerning the r decay mode of a homogeneoue 

eamplo of 1347 K decaying in fli8ht in the 15-inch Lawrence Radiation Laboratory 

Hydrogen bubble chamber. 

If weak interactiona are invariant under time revercali the apectra for 

the c. rn. kinetic energice of the pione omitted in r. decay will, be identical for 

both charged otatea of the K me non. A comparinon of our data' with the total 

available otatiotice on r decay indicaton good agreement between tho two. For 

this roaGon, the data for 7 and , have been combined, and the beet fite to 

atraight lince for the relevant opectra are given. Uning the equatione of Khuri 

and Treiman' to relate the combined data to the difference between the K 2 and 

I = 0 S-wave ww ocattoring longtho, we find a 2  - a0 (0.9.1)(i)/mrc). 

The ovonto atudiod are the docayn of K mocono that varied in laboratory 

momentum P 'between 300 and 850 Mov/c 
2

. Over thl. momentum rango no 

appreciable ecanning biacec were obeerved. For reliable meanuromente, 

however, decay evonto were accepted only if they occurred within a procelocted 

fiducial volume. 

The moanured track variablco for 1440 "candidatee" were fitted by our 

computer °program, KICK, to conoerve 4-mOmentum, The ' 1 'dintributlon 

differn from that ozpectod In two. roopecto: 

(a). There in a flat tail of 93. evento (no 	Most of.thoeo evcnte are 

probably not r decayc at all, but ovento such an K 	with a Dalitz pair. 
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The remainder represent poor fits due to unnoticed plural scatteringo or 

ml smea sure me nt s. 

(b) Apart from this background, the x distribution has the expected 

but is still too wide by a scale factor of about I.S.implying that our 

input errors (computed to allow for Coulomb scattering and estimated measure-

mont accuracy) are too cmall by about .TiTh. because of such factors as 

optical d.istortion and turbulence. We used 1347 events whose values of X /1.8 

corresponded to better than the 1% probability level for a 4-constraint fit. The 

calculated errors 6 T in the fitted c. in. kinetic energies are an increasing 

function of P. Typal values of 6 T 
IT 

(increased by 
I 

s/11 —.8 ) vary from 

* 3 Mev for the lower momentum K decays 0  up to * 6 Mev for the higher ones. 

Figure 1 is a Dalitz plot of the 1347 events. 

We first examine the x-dependenco of the density of these evonto, 

1 	LN (1) 
W(x) = gptx) 	not 

where N is 1347, p(x) is the Lorents-invariant phase space, and N/Ax 

is the vertical projection of the events in the interval Ax. If the matrix element 
then the spectrum 

for 7 decay is called.M(x, y) 0/W(x) represents IMI Z  averaged over the allowed 

values of y. The symmetry of the two like pions forces W(x) to be of the 

form 1 + bx2  + •.. . Figure Za gives the data for W(x). Within statistics. 

we see no evidence for a quadratic dependence, 1. o.. 

W(x)  

gives a X probability of ft 6011%. Therefore I M(x. 	2 depends only on 

y (i. a. , on the energy of the unlike pion). 

To examine the y-dependence of I  M(x, ) 2 we form the anlogue to 

Eq. (1) 0  W(y). Parametrizing it to the form 1 + ay 4 by2  + •••, we find 

W(y) = 1 + (0.28*.045)y, 	. 	 (3). 

with no evidence for quadratic terms. 
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The results of Eqs. (2) and (3) can .  be  summarized by the, statement that 

M(x, y)I Is well described by the plane 	. 	.. .... 

	

I(x.y) I 2  = 1 i(O.28±.O45)y. 	 (4) 

Although the variables x and y seem appropriate, it has become con-

ventional in the case of poitive T decays (with which we muøt compare our 

data) to use different vriables, namely € (€). given by the c. m kinetic 

energy of the unlike (like) pion divided by the maximum allowed kinetic energy, 

48.3 Mev. Here c and y differ only by a scale factor of 2 

[(-1< y 1). (0 € 	
1)) but c. 	 is quite different from x. Figure Zb 

chows our data for W - (% and the best straight line fit [Eq. (3)] inthio 

variable, 

I 	(0.56.09) (E - 1/2). 	. 	(5) 

To the extent that M I 2 ic Juet the plane as in Eq. (3), it is easily shown 3  that 

our distribution in C, must have 1/2 the slope of Eq. (4). We find 

= I - (O.26.09) ( 	- 1/2). 	. 	(6) 

Equation (6) Is written rninly for .comparion withr data o  but also constitutes. 

a check on the form [Eq. (3)1 of I M 

Our results 0  Eqs. (5) and (6), may be compared with the equivalent 

fits to 899 published r decays 

= 1 	(0.48*.11) ( 	- 1/2) 	 (7) 

and 

= I - (0.25J2) (Cf - 1/2). 	 (8) 

We see that the slopes of W (Ca) 
and Wt() are again related by the factor 

- 1/2, as required by Eq. (3). 

The previous data indicate that 0  within statistics, the spocr1 

5  
for 	r and T decays are identical as predicted by time-reversal invariance. 

Therefore, In Fig. 3 we present the combined T - r spectrum. A straight 

is fit gives 	
= 1 + (0.53*07) (€ - 1/2). 	 (9) 
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Khuri and Treiman' have used dispersion theoretic methods in an 

attempt to relate the 7-decay matrix element to the S-wave lilT scattering 

amplitudes. With approximations suitable to small scattering lengthé, they 

find 

MI 2 	1 + 
	(a- a)(E 	- .), 	 ( 10) 

where p 2  is a kinematical factor equal to 0.64, and a 2  - a 0  is the difference 

in the I = 2 and I 0 S-wave nIT scattering lengths. Comparison with Eq. (9) 

indicates 

a 2  - a 0 	(0.9±.1)(h/mc). 	 (11) 

Apart from final state interactions, another-perhaps more reasonable-

interpretation of the ob8erved structure in T decay is the possibility of introducing 

a small admixture of I = 1 states of intermediate symmetry, thereby producing 

a dependence of the matrix element on y. 

The fit to the combined data, Eq. (9),  may also be compared with the 

+ 	 4- 
equivalent fit for r' decays. From the total available statistics of 119 T O  

decays summarized by B$ggiid et al. 6 
 we compute 

(c) = 1 - (1.0±.4) (€-  

Weinberg 3  has pointed out that the AlJI = 1/2 rule requires that the coefficients 

of the linear terms in Eqs. (9)  and (12) be in the ratio 1 to -2. This has already 

been checked by Ejorkiund et al. on the basis of 899 7 and 72 TO 
+ 

events. We 

see that with slightly improved statistics I Al I = 1/2 is still well satisfied. 

The decay of a T in its center of mass can be completely specified by 

two independent kinematical quantities. In addition to the variables Eu  and 

C I O W has frequently been expressed in terms of two angles, which for 7 

decays we will call 6 
neutral  and 8 - - 
	 neutral 
. To discuss 9 	we assume that 

the K decays into a n and a neutral dipion. In the rest frame of the dipion, 

6 neutral  is the angle between its direction of motion and the relative momentum 

U 
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of the Tr and 	(see sketch beside Flg. 4), The squareof the matrix element 

V(cosO 	) xieutral is norrnalizedby the definition 

W (cosO 	) 1/N (dn/d cosO 
neutral 	 neutral 

Figre 4 dispaye the W (cosOneutraj) data and a straight line fitted 

the reto 

W(cos0 neutral 	 neutral )cz 1 * (0.2±.04) cos6 	. 	(13) 

Each i decay yields two possible neutral dipions, but the two values of 

0 

	

	are correlated, so the errors have been calculated on the basis of 1347 events. 
neutral 

In the case of 9, there Is a unique (--) diplon, whose decay must be 

symmetric around coø 0 - 0. The. folded data give 

W(coa0) 	1+ (0.01.1) cos29.. 	 (14) 

Insufficient data are published to calculate w+. for these angles. 

In contrast to Khuri and Treirnan. 1 Thomas and Holladay9  have used the 

final state interaction formalim to estimate the effects of irw scattering on 

the ¶.-decay spetrurn s  assuming that only the I = 2 S-wave scattering is 

Irnpbrtánt. Their curve for W (cos 0). calculated for a2  = 1.0 /mc. is 

given ln.Fig.4b as a dashed line. It fits well 

It is a pleasure to acknowledge thp collaboration of all the others who are 

working on this K experiment: P. Bastien, S. P. Berge, 0. Dahi, J. Kirz, 

and M. Watson. We thank Professor L. W. Alvarez and all his group for 

their interest and support, and Professor Treiman for theoretical advice. 
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FIGURE CAPPIONS 

Fig. 1. Dalitz plot of the distribution of plon energies for 1347 r 

decays. The coordinates are those of Dalitz (Ref. 10): T 1 , T 29  

and T 3  are respectively the c. tm kinetic energies of the i, 

+ 
IT and w ; and Q = 75.11 Mev, 

Fig. 2. Energy dependence of the matrix element for .1347 r decay. on: 

43 
the like pion energy t through the coordinate x 	(T 1 -T2)). 

the unlike pion energy (c 

Fig. 3. Energy dependence of the matrix element for 2246 combined 

and , decays on the unlike pion. 

Fig. 4. Angular dependence of the matrix element for 1347 i' decays: 

angle with respect to the wir rest frame 

angle with respect to the w w rest frame. 

	

The dashed line is from Ref, 9 	. 	 . 	. . 
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