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+ * A STUDY OF 10,000 T DECAYS 

W. Ralph Butler, t Roger W. Bland, Gerson Goldhaber, Sulamith Goldhaber,:J: 
Allan A. Hirata, Thomas O'Halloran,:J::J: 

George H. Trilling, and Charles G. Wohl 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 

ABSTRACT 

+ A sample of 9994 T decays in hydrogen and deuterium bubble chambers 

have been measured and carefully checked. We present here various fits to 

+ the distributions on the Dalitz plot for use in T compilations and comparisons 

with T datavlhich is now becoming available. We find that a f'itto the Dalitz 

variabley gives a slope of 0.285±0 .02l. 

Since CP violations are known to occur, there may exist differences between 

+ the T and T Dalitz plot distributions. Judging from the experience with ~ 

decay, a significant measurement of such d~ifferences will probably require 

105 or 106 T± decays, or even much larger nl~bers. Nevertheless, we are 

presenting our data at the present time to make it available for compilation 

togetherl\lith T+ samples of similar magnltude (see Grauman et al. l and earlier 

- 2 references quoted therein) and for comparison with T data. We also hope 

that this limited sample may help as a. guide to future high statistics experi-

ments. 

+ + 
In the course of a series of K p and K d experiments, one at a.n average 

+ / K momentum of 220 MeV c in the LRL 15-inch hydrogen bubble chamber and several 

from 860 to 1360 MeV/c in the 1RL 25-inch bubble chamber filled alternately 

+ with hydrogen and deuterium, we have measured a total of 9994 T decays. Our 

+ 
sample consists of 2707 T decays, which were nearly all decays at rest, from 

the 15-inch chamber work, 4560 T+ decays in flight in hydrogen, and 2727 in 

deuterium from the 25-inch chamber work. 
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Since the K+ decays in the T+ mode were used for beam flux determinations 

in cross-section measurements, all T decays were measured routinely and, when 

necessary, carefully examined and remeasured at least once. Fiducial cutoffs 

were also applied to the sample. 

A folded Dalitz plot of our data sample is presented as a scatter plot 

in Fig. 1 and as a two-dimensional histogram in Fig. 2. To these data, we 

have applied a correction for the Coulomb interactions of the charged particles. 

This correction to each1event is a product of three factors, each of the form, 

z 

v7ith z =: 2rraq.q./I3 .. , whe.ire q. is the charge of the ith particle in units 
l J lJ l 

of the electron charge, ex is the fine structure constant, and 13 .. is the velocity 
lJ 

of the ith particle with respect to the jth. The results of applying this 

correction to our data is shown in the tvlO-dimensional histogram in Fig. 3. 

No renormalization was performed. 

The odd· pion (rr - here) spec trum is shown in F~ig. 4 and the like pion 

spectrUm in Fig. 5. Using the standard Dalitz variables, x =: ~3 [T(rr~) - T(rr;)]/Q 

and y -- 3T(rr-)/Q - 1, ue have a.ttempted linea.r and quadratic fits to data 

before and, after Coulomb correction. The results of these fits are shown in 

Table I and the di stribution s are shown in Figs. 6a-d. He have also tried 

several two-dimensional fi ts to the Coulomb-corrected Dali tz plot shOl-7n in 

Fig. 7. The results of these fits are summarized in Table II. As may be 

noted from Tables I and II, we find no statistically significant evidence 

2 2 
for quad~atic terms in either x or y. The largest deviation from purely 

2 2 linear behavior occurs in the x y terms but is still less than a 3 standard 

deviation effect. To illustrate the nature of this possible nonlinear effect 

• 
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we ShOVl in Fig. 8 the contours .ona Dali tz plot in 5% steps computed for the 

2 2 
observed coefficients in y and x y • 

We have investigated our data for the existence of biases. For the 25-

inch chamber data, we have looked at the distribution of the normal to the 

T decay plane with respect to the beam direction, using the coordinate system 

shown in Fig. 9. The resulting distribution is consistent with lIDiformity. 

Figure 10 is a scatter. plot of the azimuthal angle versus the cosine of the 

polar angle. Figure 11 and Fig. 12 are the projections onto each axis. 
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Table I. Fit to x and y projections. a 

A. Fit of the J. :erojection to (l + ay' + by'
2

) . 

With Coulomb weighting: b d.f. X
2 C.L. • a -

Linear fit o.285±O.021 18 28.4 6% I 
\,~ 

Quadratic fit O·302±O.O22 o.o87±O.o43 17 24.4 n% 

No Coulomb weighting: 

Linear fit O.250±O.O21 18 22.1 23% 

Quadratic fit O.256±O.O21 O.04l±O.o42 17 21.2 22% .. 

B. Fit of the x projection to {I + cx 2) 

Hith Coulomb v/eighting: c d.f. X2 C.L. -

Constan t fit 19 14.4 76% 

Quadrati.c fit -O.O19±O.O40 18 14.2 71% 

No Coulomb weighting: 

Constant fit 19 14.4 76% 

Quadratic fit O.032±O.o41 18 13·9 74% 

----_._----------
a 

These results were obtained by chi-square minimization using the program 

DJINN for nt tinge 

, 



a l 

a
l

, a
2 

a
l

, a
3 

a l , a
5 

ai' a2 , a 3 

all aboveb 

>-..: 
'-.' 

~~ 

Table II. Two-dimensional fit to Dalitz plotwitb Coulomb weigbting. a 

222 2 ? 
Fit Dalitz plot to (1 + aly + a2y + a

3
x + a4x y + a

5
x y-) 

a l a2 a
3 a4 a

5 
d.f. 

O.288±O.O15 42 

O·306±O.O16 O.O93±O.O33 41 

o.288±o.014 -O.O51±O.O30 41 

O.292±O.O15 O.492±O.173 41 

0-304±O.O16 o.o84±o.034 -o.o24±o.033 40 

O.293±O.O22 o. o14±o. Olt2 -O.O93±O.O40 o.o16±Oo091 o.641±O.220 38 

c ~ 

X2 X2jd.f. 

53.8 1.28 

49.6 1.21 

52·5 1.28 

49.6 1.21 

49.3 1.23 

45·2 1.19 

aTbese results were obtained by chi- square minimization using VARMIT (vi. C. Davidon, ANL-5990). We are 

still ,investigatIng tbe differences in the errors obtained bere and in Table I. 

bWe have also fitted using all allowed terms up to fourth order, and find tbe other terms are consistent 

wi th zero. 

I 
V1 

I 

G 
o 
f{ 
I 

(P 
+
J\) 
o 
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0- ., • r:- ~ . .:._-:: : ,/ ' ..... 

Fig. 1. Folded Dalitz plot. 
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Fig. 9. Coordinate system used for bias checks. 

" .K = incident K direction 
A 

V = vertical direction in chamber 

" 
H = horizontal direction in chamber 

n -- normal to "tau decay plane 
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l'he system (V, H, K) is constrained to be orthogonal. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1SS10n, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the -information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




