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We report a comparison of the Dalitz-plot distributions of 1.6 million v+ decays (K+

) and an equal number of v decays. No significant asymmetry has been found

in any region of the plot. In terms of the difference in the slope parameters a+ and a
for the odd-pion c.m. -energy spectra, the asymmetry is A = (a+-a )/(a+ +a ) =-0.0070

y0.0053. We also present a preliminary result for the slope parameter itself: u =0.283
+0.005. New measurements of the r+ decay rates and their difference confirm previous
results.

In an experiment at the Brookhaven alternating-
gradient synchrotron, we have analyzed -3.2
million ~ decays (E'- z'n'z'), -1.6 million for
each charge of the kaon. The purpose of the ex-
periment was twofold: (1) To sea, rch for a, viola-
tion of CP invariance in ~ decay by comparing
the 7' and T Dalitz plots. Any difference would

indicate a CP violation outside the neutral kaon

system, and hence one which could not occur via
the "superweak" interaction. ' (2) To determine
the structure of ~M ~', the square of the v-decay
matrix element. All existing data on 7 decay'

(-58000 ~, -37000 ~' events) are consistent with
the linear approximation ~M ~',dXdYO=(1+ a Y)dXdY,
where a is a constant, and X= v3 ~T,—T, ~/Q and
Y= (3T, Q)/Q are the Da—litz-Fabri coordinates. '
Here T„T„and T, are the c.m. kinetic energies
of the two "even" pions (same charge as the
kaon's) and the "odd" pion, respectively; Q= T,
+ T2 T3 In addition to reducing the unc ertainty
in the slope parameter a, this high-statistics
experiment should give new information as to the
presence of higher terms in the expansion of
~M~'. In this Letter we report the final results
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FIG. 1. Experimental arrangement. Upstream of
D3 and not shove are the Cherenkov counter and more
scintillation counters.

of the z'-y Dalitz-plot comparison and a pre-
liminary value for the slope a.

The experimental arx'angement is shown in
Fig. l. The 3.0-6eV/c separated R' and E
beams were defined by a differential gas Cheren-
kov counter and three scintillation counters, only
the last of which is shown. Kaons decaying into
three charged pions were detected with &2%

background by a threefold coincidence in an eight-
eountex hodoseope octagonally symmetric about
the beam. For 58/0 of such coincidences the odd

pion passed through the wide-aperture spectrom-
eter magnet D, and hit the sixteen-countel hodo-
scope behind it. The eleven magnetostrietive
wire spark chambers (each with x and y planes)
were then triggered. The five chambers ahead
of D4 measured the directions of all three pions.
For three-track events each chamber had &9K/0

efficiency per spark and -25/o probability for an
extra spark. Two of the chambers were rotated
45 with respect to the other three to resolve
ambiguities. The six chambers behind D4, which
were missed completely by all even pions and
beam particles, served to measure the odd-pion
momentum. The dlgltized spax'k coox'dlnRtes
were fed to a PDP-9 computer, which monitored
the chamber and hodoseope performances. The
PDP-9 was interfaced to the PDP-6 computer of
the Brookhaven on-line dRtR facilityq where R

substantial fx'Rctlon of the eveQts w'ere completely
reconstructed.

In principle this expex'iment is more sensitive
than px evious comparisons' not only because it
has much larger statistics, but also because the
same apparatus Rnd programs were used in the
detection and analysis of the 7' and v events.
Many checks were performed to ensure that the
systematic dxfferences between ~' and v opera-
tion wex'e negligible:

(1) The position, size, momentum, angular
spread, rate, accidential rate, ete. of the E'
and K beams were carefully monitored with
counters, circuitry, and on-line reconstruction
programs .Except for the kaon rates (R, =2R )
th t bea ~ - 'd t'"1; th -.t"1-
mentum difference between them, for example,
was &0.1%. Accidentals were negligible.

(2) The most critical parameter in the compar-
ison, the field in the spectrometer magnet 04,
was monitored with Hall and NMR probes and
further checked by sending through the spark-
chamber spectxometer system, the E' and E
beams and also g+ and z mesons of 1.5, 1.0,
and 0.6 GeV/c. The results showed any positive-
vs-negative momentum asymmetry to be -0.05%.
As the Earth's magnetic field intx'oduced a sys-
tematic error of 0.03/0, the correction appbed
to the difference between the positive and nega-
tive odd-pion momenta was (0.03 +0.05) /0.

{3)The distributions of v' and 7 events were
compared for a series of laboratory parameters,
e.g. , decay-point position along the beam line,
opening angle between decay pions, odd-pion
momentum, hodoscope rates, etc. , and also for
parameters defined in the ~ rest frame, namely
the directions of the normal to the decay plane
and of the odd-pion momentum vector. No asym-
metries wele observed ln Rny cRse.

(4) Nuclear interactions of the decay pions in
the Rppalatus cRused Qo QotlceRble asymmetry.

{5) Monte Carlo studies showed that Dalitz-
pair events (e.g. , w'e'e'y) contributed only -0.5/0
to the trigger x'ate, and hence could not cause
any significant asymmetry.

(6) Because of the redundancy in the system
any biases introduced by reasonable fluctuations
in chamber effieiences were negligible, as shown
by Monte Carlo studies. Even so, chamber and
counter efficiencies were always closely x'egu. —

lated, especially when the magnet polariti. es
wex'e I'evex'sed.

Two million events were obtained for each
kaon charge; after reconstruction and kinematic
fitting (two-constraint fit) 80% of them were ac-
cepted as ~ decays. The 20% loss, consistent
with Monte Carlo predictions, arose mainly from
decays of the v-decay pions within. the apparatus.
Figure 2 gives the T and v Dalitz-plot distri-
butions, both containing the same total number
of events, and uncorrected for apparatus ac-
ceptance. To compare the distributions, an
asymmetry parameter A= (N'-X )/(N'+N )
was calculated for various regions of the plot,
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FIG. 2. Arrays of the Dalitz-plot distribntions of
v+ (upper numbers) and 7 gower numbers) events,
normalized to the same total number (i 626 726) of
events, Rnd Uncol rected for RppRrRtus acceptance.
The variables X and 7 are defined in the text.

where N' (N ) is the T' (T ) population of the re-
gion. We found no region where A differed signif-
cantly from zero. Results are summarized in
Figs. 3(a) and 3(b), where the X and l' projections
of Q are plotted, and in Table I, in which the fol-
lowing asymmetry vaNes are listed:

(A) The slope-parameter asymmetry b. = (a'
-a )j(a++a ), calculated from the data of Fig.
3(b). The result, b. =-O.OOVO+0. 0053, places
a fairly strong limit on predictions of some"
proposed models of CP violation. , although most
models' estimate that I&1~10 '. (Of the quoted
error in b., 80/0 is due to the statistical uncer-
tainty, the rest to the uncertainty in the spec-
trometer field. )

(B) The asymmetries for various Dalitz-plot
sectors defined by straight lines through the
point (X=O, Y'=0) and at angles e with respect
to the X axis.

(C) The decay-rate asymmetry, remeasured
in this experiment along with the absolute v+

I l I t l 1 I I i l I I I l ( l I

-0.5 0 0.5
Y = (5Tp-Q)/Q

FIG. 3. (a) X projection and (b) F projection of the
asymmetry values A= (N+ N)/P-f++N ); (c) 1' pro-
jection of the Dalitz plot, weighted for phase space
and Coulomb interactions. The line is a best fit to
1+aF, where a =0.283 +0.006 (statistical error only).

Table I. Results of the v+-y comparison. Ml quot-
ed errors include the systematic uncertainty of the
spectrometer field.

A. Asymmetry in Slope Parameters:

)/( '+ )

-.00(0 + .0Q53

H. Asymmetry in Various Sectors of the Dalitz Plot:

Region

0 & 8 & n/2 (upper half' )

-~jr & 8 & O (lover half)

~/6 & e «/2 (upper third)

-z/6 & 8 & ~/6 (center third)

-g/2 & 8 &-w/6 (lover third)

C. Asymmetry in Decay Hates:

This experiment

Previous expt. (Hef. 7)

(."opined.

(m+ - m )/(m+ + m )

-.0010 + .0007

.OOOB + .ooo6

-.0019 + .0010

.0014 + .0008

.0003 + .0007

(r -r)/(r +r)
.0005 6 .000"(

-.0002 + .0011

.ooo4 + .ooo6

r(10 sec )

4.5z9 ~ o.o3a

4.496 + 0.030

)i.511 + O.Oa4

~The errors of the hvo experiments are dominated
by systematic uncertainties and hence not completely
lndepeQdent.

decay rate. New and previous' results are listed.
A preliminary analysis of the pion energy spec-

tra was obtained by combining the already ana-
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lyzed 7' and 7 events and correcting for the
apparatus efficjLency as determined from -230000
Monte Carlo events. The Y' projection of ~M~'

is shown in Fig. 3(c), in which phase space has
been weighted to account for final-state Coulomb
interactions, ' to aUow comparison with other 3g
decay modes. A linear fit of the form I+aF
yields a=0.283+0.005 (statistical error only).
without correcting for Coulomb interactions w' e
obtained a = 0.247+0.005. Complete results will
be presented when possible biases have been
thoroughly investigated to the level of a few mil-
lion Monte Carlo-generated events.
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We report a high-statistics experiment measuring the structure of e e xnass spec-
trum from photoproduction of p and cu mesons. At 5.3. 06V, based on 4000 events, anal-
ysis of the spectra yields a ratio of vector-meson-photon coupling constants y 2/y 2

+2 6 Q) P=9.4-(.6 and a p~ phase difference p~ =41 +20 .
We report the observation of interference in the 8 8 final state frool the leptonic decay of p and 4p

mesons, diffractively photoproduced off beryllium:

y+Be-Be+ &'(p, ~)

A. ~
——A BH +A

p
+A.~+A,„. (2)

where +sH is the Bethe-Hei'cler amplitude, A& (A~) js the diffractive photoproduction amplitude of p


