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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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ADDENDUM TO

UCRL~20078, "Experimental Limit on the Branching
» ~Ratio for Kg A

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

the décay modes
: -
K ~uru
K~ et
+ +
e

to 6.8 x 1072 (90% C.L.). There are no new dilepton candidates.
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The KE - 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 possible source of this decay.l Theorists

' have used current algebra téchniques with the experimental limit on

+ :
Kz - p p to set an upper bound on the weak interaction cu‘o—-off.2 With

the additional hypothesis that this cut—off is due to the électromagnetic
properties of the intermediaﬁe vector bosbn (IVB), Ioffe and Shabalin2
have set an upper limit on the mass of the IVB. | |

The KE d 4(&+ 2_‘decays canvélso be induced by electromagnetic inter—

3

actions. Using the measured Kz - 7y I“&Lte)+ and only the two photon

intermediate state, branching ratios between 6 x 10_9 and 1 x ;0—8 are
generally predicted for the K; - u+.g— decay.5 Howevgr, other intermediate
sfates 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 sy and 3x intermediate states. The Kg -
+ —

. : -
e e rate is suppressed by a factor of (mé/mu)z‘relative to the KE - puu

rate in weak models which use V—A and also in electromagnetic models.
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4+
The Ki = e'u rate is not predictable from any known interaction.

Limits on this decay,vwhich violates leptonAnumber eonservafion,vcan be o)

+

compared with limité_bn pi - e y or ui - efé+é“; Table I showé the
pfeviously publisﬁed experimental limits oﬁ tﬁe various dilepton decay
modes of the Kg. |

Figure 1 showsvthe plan view of the detectioh apparatus.7 The 6 m
long‘deeay volume began 7.6'm fromvtbe ﬁroductioﬁ farget’in the Bevatron
External Proton Besm. Initially, data were taken with h_eii‘um in both the
decay volume and.the vblume‘between the spark chambers fo redﬁce Coulomb
scattering. The decay volume was later replaced with a'yacuum box to
reduce neutronQindﬁeed backgroﬁnd.‘ The momenta of the decay secondaries
were measured in syﬁmetric epecfrometers, each with a 0.9 ﬁ x 0.6 m aperture
picture—frame magnet. and five double.gap megnetostricfive'wife spark
chambers. Two sete of x—y ceerdiﬁates per trajectory were measured in eaéh
chamber. These chambers were designed with low mass to limit scatteriné.
The aluminum wires.were 75p'in diameter, end the windows were>25u aluminized
mylar (1000 X Al). The line integral of each magnetic‘field, which was
uniform within 1% over 95% of the aperture, was.sef to correspond to the
center of mass momentum of the Kg - p+@_ decay. Independent:of kaon
mamentuﬁ, therefore, seconaaries_from nearly trensverse two—body decays
emerged from the magnets essentially parallel to the incident. kaon direetion.g}
Downétream ef the lest-SPErk chamber, twoJVertical counter hodoecopes

selected trajectories with maximum horizontal divergences of * 45 mrad from
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the beem line. A hofiioﬁtal COunte; hoooscope was mounted in front of
each upstream verticalrhodOSCOpe and a large counter forvfast timing was
mounted behiod each downstream vertlcal hodoscope. The trigger logic,
employlng primarily MECI~IT integrated c1rcu1try, required a particle on
each side which satisfied the angle requirement and counted in the
hoiizontel hodoscope and the tiﬁing counter. .Electrons which were bentv
inward et angles between 15 and 45 mrad were rejected. This eliminated

a largevfraction of the K. background without affecting the dilepton

e3
acceptance significantly.

Electrons were ldentified in 2.3 meter long Freon Cherenkov counters,
which were fouﬁd to be ﬁore thaﬁ 99.6% efficient during preliminary tests.
Muons.wefe identified by faﬁge meesurements. The range detectors each
contained a 1 m long carbon block followed by 17 cells of steel and
scintlllator. Fach cell con51sted of one or more l 2mx l.2mzx 2.5 cmn-
steel'plates and a l.2mx 1.2mx 1.9 cm plastic scintillator, arranged
to give a muon range interval of approximately_?% for momenta between 0.5
and.l.6 GeV/c. The siénals from the Cherenkov and range counters were not
used in the trigger (except as noted above) but were recorded for use later
in the analysis. | A

Data were accumulated, cheoked and stored on magnetic tape with a
PDP—O computer. The-signals from each counter and the spark chaﬁber

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

magnet currents were recorded each Bevatron rulse.
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The data were analyzed on a CDC 66OQ_computer. ‘An event was considered A
a two-body candidate if the'two‘reccnstructed trajectories met Within 2vcm 1%
in the decay voluﬁe, and;the'recoﬁstructed parent particle originated at a
point less than 5 cm from the production target. In addition; each secondary
was required to have a mamentum below 2.1 GeV/c. These'cuts retained
essentially all of the two—body events from the Ki i n+n mode. The two— '
pion invariant mass spectra from data taken with the vacuum decay volume
are shown in Figures 2a and 2c for.eVeﬁts appearing to originate within
7.6 cm and 4 cm, respectively, of the target. All secondaries.without-an
electron sighature have‘been assumed to be pions. Figurepja;shows the
same plot for tﬁe.heliuﬁ—box data, With a b cﬁ target cut.’ The background
is mostly from Kt - Tuv decays, which were assumed to contribute a flat
background under the KL nd ﬁ+ﬁ peak. After subtraction there remained
254,000 KL - ﬂ+ﬂ events.

The acceptance for Ki - g was measured to be (75 % 4)% relative to
that for the Kg - u+u— decays, because of the lower c.m. momentum of tpe
two pionsf' The equipment ﬁas designed to accept all charged two-lepton
modes_equaliy well. A detaiied estimate of the decay—ih—flight loss of
Kz - n+ﬁ_vhas not been made. We estimate this loss to be about 5%. |

To compare with the corfected sample of Kz I ﬂ+ﬁ—, there were no
Kg - e+e_ or KL - ei pI events. Five possible KL I u+u— candidates xJ
survived the target cuts and had ranges within 3 cells of the predicted

range for muons. These events appear in Flgures 2d and 3b, which show
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thg invariant maés spectrum for two~muoﬁ candidates with tﬁe'target and
range cuts described abové.' -

Fér the analysis descfibed above; an effecti&e length paraﬁeterization
of the magnetic field Qas uséd; this procedure retéined goéd'mass resolﬁtion
butvdid not pro&ide adeéﬁate.rejection of‘events in which é éécondafy pion
decayed in flight in the magnet. The Ki - u+g_ candidates were'therefofe
examined in more detaii; usiﬁg a step—by—step integfation Qf thé.trajectories
through the magnets. These fits were éompéred with those from similar
trajectories fromlkg - K+ﬁ; data. |

The secondariéslin the dimuon candidate of mass 499 MeV in Figure'Zd
have the wrongirangé to'beAmuons.by 6.énd 9 standard deviatiéns, respeétively.
We therefore éxclﬁde it as a candidate. " In Flgure 3b the dimuon candidates
of mass 489 and SOh MéV/cz were rejected on the basis of the trajectory

fits, which gave.probabilities of less than 10—5

that theé trajectory was
that of a siggle particle. The candidate of maés 502 MeV/c2 showed poof
trajectory, mass and range fits; we would expect less than 0.03% of the
KE - p+g— events to fit so.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 fitsj; in addition the
range of one secondary was shorter than that of 80% of muons of the same
momentum. Eéch candidate'isvéonsistent with interpretation as a

+ + ' '
Kg > 5" v decay with the pion decaying in flight in the magnet.
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Interpretlng these flve candidates as background we used the measured
(o] + - 8 _ _ ’ .
Ki = 1 branching ratio. to obtain the Limit: W
o rn e el
F(KL - g ) : .P(Ki - ) (nnt/up efficiency)
< ; -

. X x32.3”
r(k° - a11) __p(x; - all) 'N(KE - nx observed )

L

=1.1x 10_8'(90% Confidence ILevel)

ol 0 + — o + + : ‘ o + —

The limits on Ki > ee and K. -y e are the same as for KL >R .
' L
‘These results are based on the analy51s of approx1mately 50% of our data.
.Prev1ous limits on these ratlos are given in the table.
. + —

In terms of Ioffe and Shabalin's IVB calCulation, this KE - p
1imit leads to a weak interaction cut—off of 29 GeV (90% C.L.).' In their.-V
model, this result suggests that the'mass of the IVB is less than ~ 2,6 GeVv

(90% C.L.). . | | | -

——e
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TABLE I
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_ | g
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T (K » ') - ' - '
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T (KL -+ all) : : :
+ o
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I (%, - all) T | | | o
+ F | |
r( L et wo)o , . o
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P(KL-oall) ' - o L
: + o+ " o
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FIGURE CAPTIONS

Lay—out of apparatus.

Vacuunm deéay%volume data. Thé Vafious cuts are described
in the tegt. The histograms show invariant mass spectra
of two—body candidates inﬁerpreted as:

(é) KE - ﬂ+ﬂ—, originating within 7.6 cm of the target;

+ - . ‘
(b) - KE'» W p , originating within 7.6 cm of the target;

(o]
=

+ -
[~ % ® , originating within L cm of the target;

(¢) X

(d)

+ — : :
2> p u , originating within L4 cm of the target.

o

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

4+ e - .
(a) KE = n , originating within 5 om of the target;

+ —
(b) KTC: - u'y , originating within 5 cm of the target.
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VACUUM DECAY VOLUME DATA
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no orbit fits
355,565 events .
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HELIUM DECAY VOLUME DATA
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behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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