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Observation of the Dalitz Decay Modes of the K °

A, 8. Carroll, I-H. Chiang, T. F, Kycia, K. K. Li, L, Littenberg, M. Marx, and P. O. Mazur @)
Brookhaven National Labovatory, Upton, New York 11973

and

J. P. de Brion(® and W. C. Carithers‘®’
University of Rochester, Rochester, New Yovk 14627
(Received 17 September 1979)

Using a proportional-chamber spectrometer and an array of lead-glass photon detec~
tors, we have observed four examples of the decay KLO—'e+e “v, and one candidate for
K;"—u*u"y. The corresponding branching ratios are (17.4+8.7)X10¢ and (2.8+2.8)

X 1077, respectively. In addition we have established 90%=confidence-level upper limits
of b(K,"—~e*e ™n% <2.3X107 and b(K, "= p*u"r") <1.2x1076,

The decays K,;°~e*e”y and K,°~ u* "y have
been suggested as sites for possible anomalous
effects' and structure,®?® which would manifest
themselves as deviations from the rate and ma-
trix elements which can otherwise be calculated
reliably® given the measured K,° -~ yy rate.* Be-
cause of the suppression of strangeness-changing
neutral currents, the decays K;°—-e*e m°and K;°
— p*u~m° provide a window through which higher-
order effects in the weak interactions may po-
tentially be studied. The theoretical literature
devoted to this subject is large and diverse®™'%
branching ratios as high as 107° and as low as
<10-1% have been predicted. Clearly the observa-
tion of K,°-171"n° would greatly advance our

knowledge of the weak interaction,

An experiment sensitive to these decays was
carried out at the Brookhaven National Labora-
tory alternating-gradient synchrotron as part of
a program of studying K;° decays into two charged
particles plus any number of neutral particles.
The apparatus was set up in a long-lived neutral
beam essentially identical to one described pre-
viously.'®* The beam contained approximately
10° K ,° and 2 X107 neutrons per pulse. The K,°
momentum averaged ~6 GeV/c and the useful
spectrum extended from 2 to 16 GeV/c.

The experimental arrangement is shown in Fig,
1. The neutral beam passed through a veto count-
er (D) and into a 6-m-long vacuum decay tank.
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FIG. 1. Layout of the apparatus.
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Charged products of the decays were detected in
a three-chamber 5000-wire multiwire proportion-
al counter (MWPC) spectrometer system which
has been described previously.?® A hydrogen
Cherenkov counter with twelve independent optical
sectors (C,) operated at atmospheric pressure
distinguished electrons from pions for momenta
below 8 GeV/c. Muons with momenta greater
than 1.5 GeV/c were identified by their penetra-
tion to two eight-element banks of counters, pu,
after 600 and u, after 750 g/cm?® of material,

Photons were detected in a 120 X300-cm? lead-
glass Cherenkov-counter array (LG).'® The array
was divided into two hodoscopes: a bank of 38
transversely mounted counters presenting 2.8
radiation lengths (r.l.) to the beam, followed by
an 8 X20 array presenting 9.4 r.l. to the beam.
A 30x30-cm? hole in the array allowed passage
of the beam. A 38-element scintillation counter
hodoscope (UV) situated between the front and
rear walls provided 0.7-nsec timing resolution
on both charged and neutral particles. Two lead-
liquid scintillator shower counters (y ;) flanking
the aperture of the analyzing magnet served to
reduce the trigger rate due to K,° -7 71" m° de-
cays.

The electronic triggering requirements were

(i) basic trigger, D +(y ;) - (two tracks in each
spectrometer plane) «(=3 clusters in UV
and in LG);

(ii) e*e”y, (basic trigger) -C,;-C;
(iii) p*py, (vasic trigger) -(22u,) (22, .

Parallel triggers were also implemented to detect
71"y (Ref. 16) and K,° -~ 7*1% v (Ref. 17) decays.
In addition, many runs were taken under special
triggering conditions. Altogether, approximately
2.7x107 events were collected. All K-decay
candidates were required to satisfy (1) good de-
cay vertex, (2) =one in-time y, (3) y and charged
shower clusters separated in both LLG and UV
counters.

To distinguish electrons from pions and muons
in the LG, the quantity R=E(LG)/p(MWPC) is cal-
culated for each charged particle. The cut 0.75
<R £1.25accepts 0.98 of e's, 0.01 of 7’s, and
0.0006 of p’s. The Cherenkov counter accepts
0.99 of e’s, and ~0.0005 of 7’s and u’s. Thus
the overall 7 and u rejections are 2x10%1 and
3.3 x10%:1, respectively.

The combination of kinematics and particle
identification makes the K;°~e*e~y and e *e~n°
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decays extremely clean. The leading backgrounds
to K;°~e*e”yare K,;°~7*e*vy and K, °~1*efv

in which the 7* generates a spurious y. These
contribute <0.01 event to the interval 0.48 <M,.,-,
<0.52 GeV/c? The background to e *e"n° is neg-
ligible.

In addition to the K decay and e purity cuts, the
eey candidates had to satisfy (1) 0.5<p,<7.5 GeV/
c, (2) ®,°<-0.018 (Ref. 18), (3) 6,.,<2.45 mrad,
where 6,_, is the angle between the incident K ;°
and the sum of the final-state momenta, and
(4) 0.48 <M, +,- ,<0.52 GeV/c?

The effective mass of e e~y candidates passing
all other cuts is plotted in Fig. 2(a). A clear
peak of four events is evident near the K° mass
({M,+,-y=0.502 GeV/c?, 0,,+,-,=0.008 GeV/c?),
The nearest background event is >100 MeV /c?
below the peak. This result is quite insensitive
to variations in the kinematic cuts; removing
cuts (2) and (3) entirely introduces no additional
event with M,+,-,>0.38 GeV/c2

The e *e~7° candidates had to satisfy condition
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FIG. 2. Effective-mass spectra for events subject to
all cuts except in mass. Vertical lines show mass cuts.
(@ e*e™y, () e*e vy, (© u+;4"y (dashed line is expected
K;'—n*r 1" background, solid line is sum of expected
K '—=7*p vy and K;°—nr*p v backgrounds), and (d) u*-
Boyy.
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(1) above, (2) ®,2<-0.010, (3) 0.105<M,,<0.165
GeV/c? (4) 6., <2.45 mrad, and (5) 0.48
<M g1q-y<0.52 GeV/c?

Figure 2(b) shows the effective mass distribu-
tion for e *e~yy candidates satisfying all other
cuts. No event lies within the K,° mass interval.

To be accepted as a muon in K,°~ u"u~y de-
cay, a particle was required to be detected in the
correct u, and py, and to deposit minimum-ioniz-
ing pulse height in the LG. In addition, geome-
trical x2 cuts similar to those of Ref. 13 were
imposed. Muons above the absorber threshold
of 1.45 GeV/c were accepted with ~85% probabil-
ity. Studies of 7’s from kinematically unambigu-
ous K;°-7*n"n° decays show that only 3% of 7’'s
satisfy these conditions.

In addition to the K decay and u purity cuts,

u* 1"y candidates had to satisfy (1) 1.5<p,<7.5
GeV/c, (2) E,'®>1 GeV, (3) €,;2<-0.014, (4) 6,-,
<1,73 mrad, and (5) 0.48 <M+ ,-,<0.52 GeV/c?

The leading potential backgrounds to K°
~p uy are (1) K 0=m'm770, (2) K 0~ uivy,
and (3) K,.°~7*u¥v with spurious y. Process

(1) can contribute in the event that both charged
pions are misidentified as muons and one y
evades both the LG and the y ;. However, Monte
Carlo studies indicate that when puy cuts 1-4
are imposed, this background peaks at M+ - y
~0.4 GeV/c? [ see Fig. 2(c)] and contributes
<0.01 events with M +,-,>0.48 GeV/c®. In proc-
esses (2) and (3) only one pion need be mistaken
for a muon for contamination of K;°~ u*p"y to
result. Monte Carlo samples of (2) and (3) have
been generated'® and subjected to the u*u"y cuts.
The calculated contribution to the u*u”y spec-
trum after all cuts save (5) have been imposed is
indicated in Fig. 2(c) and in Table I. In the re-
gion 0.43 <M +,-,<0.48 GeV/c?, 6.7 events are
expected and 4 are observed, suggesting that the
calculation does not underestimate the contami-
nation. As a further test we have varied the cuts
and compared the predicted and observed num-
bers of events in this mass region. The result

TABLE I. Backgrounds to K;'—pu*u”y in 0.43 <My,
<0.48 GeV/c?.

Ku3y Ku3 Sum Data
Normal cuts 6.4 0.3 6.7 4
E, >0.3 GeV 10.4 1.2 11.6 13
®2<=0.008 6.4 0.3 6.7 4
0,., <2.45 mrad 8.8 0.4 9.2 7

of three such tests are shown in Table I, In all
cases the predicted and observed numbers agree
within statistics.

Above M ,+,-, =0.48 GeV/c?, where 0.1 back-
ground event is expected, one event is observed.

The " u~7° candidates have to satisfy uuy cut
(1) above, (2) 0.11 <M (yy)<0.16 GeV/c?, (3) @2
<-0.004 (Ref. 18), 6,_,,<1.73 mrad, and (5) 0.48
<M = yy<0.52 GeV/c? The only significant
background to this decay mode is expected to be
K, °-m"1"1° decay in which both charged pions
are mistaken for u’s. This was verified by plot-
ting M, +4- y for events passing all cuts except
(3) and (5). Virtually all events clustered in a
narrow peak centered at the K;° mass. Requir-
ing that @,% be <—0.004 (Ref. 18) reduced the
p*u"m° candidates by a factor ~50. Figure 2(d)
shows the effective-mass distribution for the re-
maining pum°® candidates. No event falls within
0.48<M+,- ,,<0.52 GeV/c®. This null result is
insensitive to reasonable variations in the cuts.
The cut on 6,.,,, which is the most critical af-
ter that on the mass, may be relaxed by 50%
without introducing background events into the
K. ° mass interval.

Normalization for this experiment was provid-
ed by K. °~7*1"71° decays. K, °-7"1"7° events
with one y detected provide an ideal normaliza-
tion for I *1"y and 7*7”y since they are topologi-
cally nearly identical, allowing many potential
systematic errors to cancel in their ratio.

Normalization events were required to satisfy
the K-decay cuts and (1) ®,2>-0.006, (2) (y miss-
ing mass)?<0.004 GeV?/c*, and (3) 3<P,<20
GeV/c. Applying these cuts to Monte Carlo K,°
~m*1"7° events as well and using b (K °~7"1"71°)
=0.1239,% we calculate that a total of 1.09x10*
K.°’s (Px>3 GeV/c) decayed in our fiducial vol-
ume. This normalization is not sensitive to rea-
sonable variations in the cuts. As a check on the
normalization and other systematics we also ana-
lyzed special runs of K;°~7*1" and of K =7 1" 7°
with no y’s required. The agreement of these
rates, as well as that of the K;°~7*7" 7%~ 2y sam-
ple, with the expectation given by the K, ° -7 7" 7°
— 1y normalization leads us to assign a normaliza-
tion uncertainty of + 7% to our results.

With the above normalization, assuming a Kroll-
Wada type (structureless) matrix element,’ the
four e*e”y and one p* "y (Ref. 20) events imply
b(K °~e e y)=(17.4+8.7)x10"° and b(K.°
—ututy)=(2.8+£2.8)x107 7.2 These results agree
within statistics with the expectations of 7.8x107°
and 2.0x10" 7 based on a Kroll-Wada-type calcu-
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lation.®> Sehgal® has derived ¢ dependences in var-
ious reasonable models and found changes in the
predicted (K °~1*1"y) of <30% which are below
our level of sensitivity. Our small samples also
do not allow us to contradict the CP-nonconserv-
ing model of Ref. 1. However, our agreement
with the structureless electromagnetic calcula-
tion rules out large contributions from interme-
diate states such as those discussed in Ref. 3.

In the absence of candidates for K;°—1%1"7°,
we calculate?? 90%-confidence-level upper limits
of b(K . °~ee %) <2.3x107% and (K, %~ pFu"7°)
<1.2x10°°, corresponding to the observation of
2.3 events. The p*u"7° result represents an im-
provement of a factor of 50 upon the previous lim-
it.?*> We know of no previous limit on the e*e"n°
branching ratio.
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