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+ *
A STUDY OF 10,000 T DECAYS
W. Ralph Butler,T Roger W. Bland, Gerson Goldhaber, Sulamith Goldhaber,*
Allan A. Hirata, Thomas O'Halloran,
George H. Trilling, and Charles G. Wohl
Department of Physics and Lawrence Radliation Laboratory
K ) _ University of California, Berkeley, California
ABSTRACT
A sample of 9994 T+ decays in hydrogen and deuterium bubble chambers
haverbeen 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~ data which is now becoming aVailable. We find that a fit to the Dalitz
variable y gives a slope of 0.285%0.021.

Since CP violations are known to occur, there may exist differences between
the T+ and T Dalitz plot distributions.v Judging from the experienge with n |
decay; a significant measurement of such differenées will probably require
lO5 or 106 Ti decays, or even much larger numbers. Nevertheleés,rwe are

' pfesenting our data at the present time to make it available for compilation
£ogether with T+ samples of similar magnitude (see Grauman et al.1 and earlier
references quoted ﬁherein) and for comparison with T data.2 We also hope
that this limited sample may help as a guide to future high statistics experi-
ments. |

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

b _K+ momentum of 220 MeV/c in thé LRL 15-inch hydrogen bubble chamber énd several

from 860 to 1360 MeV/c in the LRL 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
- d o S + e . . »

the 15-inch chamber work, 4560 77 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 7" mode were used for beam flux determinations
in cross-section measﬁrements, all T decays were measured routinely and, when
necessary, carefully examined and remeasﬁredbét least once; Fiducial cutoffs
were also-applied'to the sample. ‘

A folded Dalité plot of our data sample is presented.as a scatter plot v
in Fig. 1 and as a two-dimensional histogram in Fig. 2. To these data, we
have applied a correction for thé Coulomb interaCtiOn; of the charged particles.

This correction to each'event is a product of threepfactors, each of the form,

Z

. 2
o e "l

with 2z = 2naqiqj/ﬁij, wh§re,qi is the charge‘of the iEé particle in units
of the eleétron charge, a‘is the fine structufe constant, and 6ij is the velocity
of the iﬁh particle with respecﬁlto the jth. The results of applying this
correction to our.data is Shown in the two-dimensional histogram in Fig. 3;
No renormalization was pérforﬁed;

The 0dd pion (x here) spectrum is shown in Fig. 4 and the like pion
spectrum in.Fig;IS. Using the‘standard Dalitz variableé, x =3 [T(ni) - T(ﬂZ)]/Q
and .y = 37(x )/Q - 1, we have attempted linear and quadratic fits to data
befoye'éna:dfter Coulomb correction. The results of these fits are shown in
Tabiéil;énd‘the distributions are shown in Figs. 6a-d. We have also tried
se&erai two-dimensional fits to the Coulomb—cofrected Dalitz plot shown in
Fig. 7. The results of these fits are summarized in Table IL. As m;y be
noted from Tables I and IT, Ve find no statistically significant evidence
for quadratic terms in either x2 or yg. The largest deviation from ﬁﬁrely N

linear behavior occurs in the xgya terms but is still less than a 3-sﬁahdard

deviation effect. To illustrate;fhe nature of this possible nonliﬁégr effect
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we show invFig.'B the contours .on.a Dalitz pldf in 5% steps computed for the
obéefved'coéffiéients'iﬁ y ahd_x2y2; .

We have investigated our data for the ekistenée of biases; For the 25f-
inchvchaﬁbér data, wé have ldoked at the aistripution 6f the normal ﬁo the |
T deéay plane‘with respect to the 5eam direction; ﬁsiﬁg'the-éoordinate system

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

- Fligure 101is é scatter plot of the azimuthal anglevversus the cosine of the

polar dngle. Figure 11 and Fig. 12 are the projections onto each axis.
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Teble I. Fit to x and y projections.®
‘ . . . N 2
A. Fit of the y projection to (1 + ay + by )

With Coulomb weighting: a b d.f. = X C.L.
Linear fit 0.285%0.021 C--- ) 18 28.4 6%
Quedratic fit 0.302t0.022  0.087:0.043 . 17 ol 11%

No Coulomb weighting:

Linear fit 0.250£0.02k -—- 18 22.1 - 23%
Quadratic fit 0.256%0.021 0.041£0.042 - 17 21.2 22% .

B.. Fit of the x projection to (1 + cxg)

With Coulomb weighting: .g‘ .@;fi‘ X2 CoL.

. Constant fit | — 19 1.0 76%
Quadratic fit -0.019+0.040 18 1.2 1%

No Coulomb weighting: .

Constant fit ' --- ' 19 1h.b 6%
Quadratic fit | 0.032+0.041 18 13.9 e

-

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

DJINN for fitting.




e

% -~ < Y
A
Table IT. Two-dimensional fit to Dalitz plot with Coulomb weighting.a
. ‘ ‘ o o}
Fit Dalitz plot to (1 + 2.y + a2y2 + a3x2 + auxdy + a5x2y_)
2 2, ..
ay 2 a3 a), a5 def. X X /d.f.
a, 0.288+0.015 - - - - 42 53.8  1.28
&l aé 0.306£0.016  0.093t0.033 - - - 41 ko6 1.21
a8y 00288io.01u‘ -- -0.051£0.030 - - 41 52.5  1.28
ays 8y 0.292£0.015 _- - . 0.492%0.173 4 k9.6 .21
ays 8y 8y 0.304£0.016 0.084#0.03k  -0.02420.033 - -- 40 49.3 0 1.23
all above?  0.293%¥0.022  0.014+0.042  -0.093%0.040  0.016+0.091 = 0.641+0.220 38 45.2 1.19
aThese résul s were obtained by Chl square mlnlmlzatlon using VARMIT (W} C. Davidon, ANL—5990) - We are

stlll 1nvest1gat1ng the differences 1n the errors obtalned here and in Table I.

We have also fitted using all allowed terms up to-fourth order,and find the othef'terms are- consistent

with zero.

0ZhgT-THON



Fig. 1.

Folded Dalitz plot.
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ALL EUENTS -- ND COULOMB CORRECTIONS
PROJECTION ON Y RXIS

Fig. 6a.  Solid line is
linear fit and dotted
line is quadratic fit
shown in Table I.
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Fig. 6c. Dotted line is constant fit shown in Table I.
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Fige. 7. Data used for two-dimensional fit to Dalitz plot.

Unweighted Data
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Fig.29{5:éoordinate system used for bias checks.

‘ﬁ = incident K direction

V = vertical direction. in chambern
H = horizontal direction in chamber
f = normal to'fau decay plane

~ ~ ~

The 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-
mission, 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.
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