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ADDENDUM TO

UCRI~20078, "Experimental Limit on the Branching
Ratio for KE - 48"

Anaiysis of approximately another 35 percent of our total
data has reduced the limits on the branching ratio for each of

the decay modes
A .
KL g VRNt
K~ ete”
+F
5 e

to 6.8 x 1072 (90% C.L.). There are no new dilepton candidates.
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The Kg - u u decay is generally considered to be a sensitive test

of the existence of weak neutral currents. Higher-order weak interactions

have also been considered as a poésible source of this decay. Theorists

" have used current algebra techniques with the experimental limit on

2

+ -
KE - p to set an upper bound on the weak interaction cut—off. With

the additional hypothesis that this cut—off is due to the electromagnetic
properties of the intermediale vector boson (IVB), Ioffe and Shabalin

have set an upper limit on the mass of the IVB.

+ -
The KZ - 4 £ decays can also be induced by electromagnetic inter—

3 Using the measured Kz - ¥y raLte)+ and only the two photon
-9 -8

intermediate state, branching ratios between 6 x 10 © and 1 x 10 ~ are

actions.

+ —
generally predicted for the KE i di AT decay.5 However, other intermediate

states may interfere, producing a unitarity limit different from that

predicted from the two photon state. Martin et al.6 have estimated that

the effect is less than 20% for nmy and 3x intermediate states. The Kg -
+ - + o

e e rate 1s suppressed by a factor of (me/mu)2 relative to the Kz T

rate in weak models which use V—A and also in electromagnetic models.
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The KE ~ e n rate is not predictable from any known interaction.

Limits on this decay, whiéh violates lepton number conservation,'can be ¢
compared with limits on pi - et y or pi ~efe’e”. Table I'shoﬁs the
previously published experimental limits on the various dilepton decay
modes of Lhe KE.

Figure 1 shows the plan view of the detection apparatp.s.7 The 6 m
long decay voluﬁe began 7.6'm from the ﬁroductioﬁ target in the Bevatron
External Proton Eeam. Initially, data were taken with helium in both the
decay volume and the volume between the spark éhambers to reduce Coulomb
scattering. The decay volume was later replaced with a vacuum box to
reduce neutron—induéed background. The momenta of the decay secondaries
were measured in symmetric spectrometers, each with a 0.9 m x 0.6 m aperture
féture—trame magnet and five double wap magnetostrictfve wire spark
chambers. Two sets of x—y coordinates per trajertory were moacurcd im coach
chamber. These chambers were designed with low mass to limit scattering.
The aluminum wires were 75p'in diameter, and the windows were 25u aluminized
mylar (1000 & Al). The line integral of each magnetic field, which was
uniform within 1% over 95% of the aperture, was set to correspond to the
center of mass momentum of the Kg - M+p— decay. Indepundent:or kaon
momentum, therefore, secondaries from nearly transverse two-body decays
emerged from the magnets éssentially parallel to the incident. kaon direction.\J
Downstream of the last spérk chamber, twovvertical counter hodoscopes

selected trajectories with maximum horizontal divergences of * 45 mrad from
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the beam line. A horizontal éounter'hodoscope wés mounted in front of
each upstream vertical hodoscope, and a large c@unter for fast timing was
mounted béhind each downstream vertical hodoscope. The trigger logic,
employiﬁgvprimarily MECI~II integrated circuitry, required a particle on
each side which satisfied the angle requirement and counted in the
horizontél hodoscope and the timing counter. Electrons which were bent
inward at angles between 15 and 45 mrad were rejected. This eliminated

a large fraction of the K.e background without affecting the dilepton

3
acceptance significantly.

Eleétrons were ldentified in 2.3 meter long‘Freon Cherenkov counters,
which were found to be more than 99.6% efficient during preliminary tests.
Muons were identified by range measurements. The range detectors each
contained a 1 m long carbon block followed by 17 cells of steel and
scintillator. FEach cell consisted of one or moré l.2mx l.2mx 2.5 cm
steelbplates and 2 1.2 m x 1.2 m x 1.9 cm plastic scintillator, arranged
to give a muon range interval of approximately T% for momenta between 0.5
and 1.6 GéV/c. The signals from the Cherenkov and range counters were not
used in the frigger (except as noted above) but were recorded for use later
iu the analysis. |

Data were accumulated, checked and stored on magnetic tape with a
PDP—O cqmputer. The signals from each counter and the spark cha@ber

information for cach event were recorded on the tape; beam intensity and

magnet currcnts were recorded each Bevatron pulse.
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The data were analyzed on a CDC 6600 computer. An event was considered
a two-body candidate if ﬁﬂe two réconstructed trajectories met within 2 cm o
in the decay volume, and the reconstructed parent particle originated at a
point less than 5 Cm from the production target. In addition, each secondary
was required to have a momentum below 2.1 GeV/c. These cuts retained
essentially all of the two-body events from the Kg i n+f_ mode. The two-
pion invariant mass spectra from data‘taken with the vacuum dccay volume
are shown in Flgures Zg and Z2c for'events appearing to originate within
7.6 cm and 4 cm, respectivély, of the target. All secondaries without an
electron signature‘have been assumed to be pions. Figure 3a shows the |
same plot for tﬁelhelium—box data, with a 5 cm target cut. The background
is mostly from Kg - muv decays, which were assumed to contribute a flat
background under the Kg - n+n— peak. 'After subtraction thgre remained
254 000 K‘E + aTn evants.

The acceptgnce for K; - 7 was measured to be (75 * 4)% relative to
that for the Kg - u+p— decays, because of the lower c.m. momentum of the
two plons. The equipment was designed to accept all charged two—lepton
modes equally well. A deﬁaiied estimate of the décay—in—flight loss of
KE ~ ata has not been moade. We eslluwate this less fo he about 5%.

To compare with the corrected sample of Kg-# n+ﬁ_, there were no
Kz - e'e or K - . u: events. Five possible K - u+u_ candidates ¥
survived the targef cuts and had ranges withinh 3 cells of the predicted

range for muons. These events appear in Figures 2d and 3b, which show
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thg invariant mass spectrum for two—muon candidates with the target and
range cuts described above.

For thé analysis described above, an effecti&e length parameterization
of the magnetic field was used; this procedure retained good mass resolution
but did not provide adequate rejection of events in which a secondary pion
decayed in fliggt in the magnet. The Ki - p+p— candidates were therefofe
examined in more detail, using a step-by—step integration of the trajedtories
through the magnets. These fits were compared with those from similar
trajectories from KE - n+n_ data.

The secondaries in the dimuon candidate of mass 499 MeV in Figure'Zd
have the wrong range to be muons by 6 and 9 standard deviations, respectively.
We therefore exclﬁde it as a candidate. In Figure 3b the‘dimuon candidates
of mass 489 and 504 MeV/c2 were rejected on the basis of the trajectory
fits, which gave'probabilities.of less than 10—5 that thé trajectory was
that of a single particle. The candidate of mass 502 MeV/c2 showed poor
trajectory, mass and range fits; we would expeét less than 0.03% of the
Kg - p+p— events to fit sp poorly. For the candidate of mass 496 MeV/cZ,
the detailed analysis of one secondary trajectory showed that only 6% of
the trajectories used for comparison had poorer fits; in addition the
range of one secondary was shorter than that of 80% of muons of the same
momentum...Each candidate is éonsistent with in£erpretation as a

+ +
KE ~ 1 p v decay with the pion decaying in flight in the magnet.



-6 - UCRI~20078

Interpreting these five candidates as background, we used the measured

o + - 8 - .
KL - n i branching ratio8 to obtain the limit:

4+ - +;._
F<K§ > ) . P(K; - o ) (nen/pp efficiency)
x

o L o] o]
P(Kp all) F(Ki all) N(Kﬂ nxx observed)

x 2.3

=1.1x 1078 (90% Confidcnce Level)

The limits on Ki ~e'e” and Kg - pie+ are the same as for Kg *‘p+ﬁ_.
These results are based on the analyéis of approximately 50% of our data.
Pfevious limits én these ratios are‘given in the bable.A

In terms of Ioffe and Shabalin's IVB calculation,2 this Ki - u+u—
limit leads to a weak interaction cut—off of 29 GeV (90% C.L.). In their

model, this result suggests that the mass of the IVB is less than ~ 2.6 GeV

(90% C.L.).
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Branching Ratio Limits. at 90% Contidence Level
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D (K% - e* u7)
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r (Ki—»all) '
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T (u - all)

+ + + -
p@+—>ee-e ) S6.8x10—-8 (a)
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FIGURE CAPTIONS

Lay—out of apparatus.

Vacuum deéay—volume data. The various cuts are described

in.the text. 'The histograms show invariant mass spectra

of two—body céndidafes interpreted as:

(a) KE - n+n_, originating within 7.6 cm of the target;

(v) Kg - u+p“, originating within 7.6 cm of the target;

(c) Kg - ﬂ+f_, originating within 4 ocm of the target;
o

+ - .
(d)_ K; = ®up , originating within 4 ocm of the target.

Helium decay—volume data. The histograms show invariant
mass spectra of two—body candidates interpreted as:

+ —
(a) Kz -~ x n , originating within 5 cm of the target;

+ —
(b) Ki - puy , originating within 5 cm of the target.
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VACUUM DECAY VOLUME DATA
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