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ABSTRACT

We have performed a search at the Bevatron for the
decays K]_ci - p,+ T e e , and ui e’ with a double magnetic
spectrometer using wire spark chambers. Over one million
observed KIO‘ - nf * deceays determine the normalization for
the dilepton decay modes. No e* e or p,i e+ events vere )
observed. For each of these decays the upper limit on the
branching ratio relative to all modes is 1.57 x 10_9 (90%
C.L.). ForthedecayKL—»p. u,thelimitisl82x10_9

(9O%CL)

o + - o ‘
The K_L -+ p u decay is generally considered tc be a sensitive

test of the existence of weak neutral curren.ts.r This decay should

also occur via higher—order wesk :Lnteractioné.l._ Current algebra

technigues have been used to relate the rates for K+ - p+ v and the
. ) 5

- [o] + -
second order weak procees KL adl VI T An upper bound on the weak

interaction cut—off then follows from the experimental limit on
o . . .
K ~u ope
- (o} + .. - .
The K‘L —» £ £ decays should also be induced by electromagnetic

3 Using the measured K‘Z -y rateh and assuming only

the two photon intermediate stete, branching ratios of approximetely

in the momentum renge 0.8 — 3.2‘ GeV/e for 6 x 10

-2 -

10_8 have been predicted from various models for the K'L - p.+ 0o clecay.5
Neglectlng the contributions from off-mass—shell photons , one can
derive a "unitarity" lower limit of 6 x 1072 for this decay. However,
other mtemediate states may destructively interfere ’ producing a

limit ldwer than that predicted by the twe photon state alone.

' -Martin et al.6 have estimated that contributions from the :mt‘)’ and 3:

mtezmedlate sta‘c.es can lower ‘the rate by at most 20%

The KL - e+ e ‘rate’is suppressed by a factor of (m /m ) relative
to the K; - |,L+ y rate in week models which use V—A and also in electro-
magnetic models. The Ki - e.i I-l+ rates are not ‘predicta;ble from any
known interaction. Limits on these decays (which violate »se'pa.re.te
lepton number conservation) can be compared with l:Lmits on pi - ei v
or pf St et e—. Table I shows these Limits end previoush published
limits on the various dilepton decay modes of the KL

Figure 1 shows the ple.n view of the detection appa.ratus.7 The
6 m long decay volume began 7.6 m fram the produc‘tion‘ta.r:get in the
Bevatron Exiernal Proton Beam. The O._8 msr. beam ylelded ~ 6 x lO5 Kg
1l protone on the

target. The first 13% of the date was taken with helium in the decay

volume. The decay volume wes later evacua.ted to reduce neutron—

. induced background. The momenta of the decay secondaries were

"measured in. symmetric spectrcmeters, each with a 0.9 m x 06 m aperture

picture—fra;me megnet and five double gap magnetostrictive wire spark
chembers. The chambers were designed with low mass (5.2 x 10_4 redie—
tion lengths) and the volumes between the spark chambers were filled

with helium to reduce Coulomb scattering.
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The line integral of each magnetic field, which was uniform to

within 1% over 95% of the aperture, was set to correspond to the center

. + - :
of mass {e.m.) mo:neptum of the K; -+ p decay. Therefore, independent

~

of kaon momentuﬁ, seconcia.r_ies from nearly transverse two—body decays
emerged from the maénets essentially parallel to the incident kaon
directj_.on. ‘ Downstream §f the last spa_.rk chamber - on each s:_i.de-_"of the
'appara;tué, ,con_J.ntér »ho'dosc‘opes F end R selected frajectoiv"ies’:with. o
gaximm horizontal divergences of * 45 m}ad fram the beam line. A six
counter array E was mounted in front of each F hodoscope, and & large
counter T for fast timing was _xﬁou.nted behind each R hodoscope.

Electrons were identified in 2.3 m 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 & 1 m long carbon bloc_k followed by 17 cells
of éteel and scintillafor. Each cell consisted of one or more l.2 m
xl.2mx2.5cm steel plates and a 1,z'm %X 1.2 m x 1.9 cm plastic
scintillator. The number of iron plates in each cell wés chqsen,to .
glve & muon range interval of approximately 7%.&& mcmenta betweeh :
o.5taﬁd 1.6'deV/c;

The trigger logic required a particle on each side which satisfied

the angular requirement and also counted in the H array and the timing -

counter. Events with an elecﬁron which bent inward at angles between

15 and 45 mrad were rejected; this veto eliminated a large fraction of |

the Ke3 background without affecting the dilepton acceptance signifi-—

cantly. The signals from the Cherenkov counters (except as noted

above) and the range counters vere not used in the triggei' but wére

recorded for use later in the analysis. The signals from the counters.

and the spark chamber information for. each event were accumulated,

- =

checked and then stored on magnetic tape by & PDRP-9 computer. Beam

intensity and magnet currents were recorded each Bevatron pulse.
The normalization for the dilépton.decay médes was determined

from the simultaneously detected 1&‘0 - 3t+ x_ decays. The é.cceptance

+ - + -
for Kg -+ 1 g5  relative to that for K_E - u pu wes measured to be .

e ]

o

”

. + -
62 + 3%. This was done by camparing the rate for detecting Ki_-.» LA N

. : o + - L0t = L
with the magnets set for the;K_L--’ VAT andKL =% 7§ ¢.m. momenta, .
respectively. The dipion decay mode also 'served‘a.s a calibration for ;

' the invariant mess scale and a measuré of the resolution of the

apparatus.

The data were analyzed with a CDC 6600 .camputer. An event was . .

considered a two-body candidaté if ‘the two reconstructed trajectories

met- within 2 em in the decay volume and if the recomstructed parent

- particle originated at a point less than 4.0 cm from the production

target. These cuts retained essentially ail of the events from
K':. - decay. For each two-body candidate with no Cherenkov
signals, im}a.ria.nf masses were cga.lculated assuming both particles .
were either pions or muons. With one Cherenkov count, the event was -
c’la.sse_d as & K_E - ui' e--F candidate; wj.th two ,Cherenkov_ counté, . it was - :
classed as a KE -el e capéiidé.f.e. ‘ .

The invariant mass spectra for KE + 5" 5 cendidates are shown
in Filgures 26 and 2b from data taken with the evacuated decay volume
and vitﬁ helium in the decay vélmne » respectivély. The backgrounds
are mostiy from I&o" - n u v decays and from Kg - :r+ % decays with‘ a
pion decay in-flight.‘ For purposes of nomaiization these were
assumed to contribute flat backgrounds under the K_E - n+ 5 peeks.
After su‘btre.cﬁion there remain 903,000 Kz T évents in the

vacuym data sample and 138,000 in the helium data sample.

LA
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" We estimate that 28% of the K_Z -+ 1 x events have been lost
because of pilon decay in flight in the apparatus. After correcting
for this loss the effective number of dipion events in the vac'uum.a.nd

the helium data samples are 1,254,000 and 191,700, respectively.

For the analysis above, an effeétive length Ijaré.meterization of

. "Athe magnetic field wes used. .-This sﬁnple procédﬁre, wpich i’e‘jected

<

i

‘989 of the three-body backgrounds, provided good maes resolution for

the selection of two body candidates but inadequate rejection qf events
in wﬁich a secondary pion decayed in flight in.thé megnet or in .which‘
a misidentification of thé correct track occurred. Better momentum
resolution and discrimination against impossible trajectorles were
achievéd by a step-by-step mtegx'atipn' of the trajectories through

the measured magneticv fields. The field mape and the :Lhtegra_tiox; )

pfogre.m.s vere checked with muon traJectorieé from Kp decay. A 1.1

3
MeV invariant mesa resolution (HWHM) for the xg ~ 5 5 data vas
obtained by using the integration procedure.

The secondaries from all KE - ud candida.te's with dimuon invariant

masses greater than l&76 MeV and with measured muon ranges greater than

‘80% of the predicted mion range were integrated through the magnetic

fields. The invariant mass épectra after integration but without

any orbit continuity requirements are shown in Figures 3a and 3b for

) the vacuum. and ‘helium datsa, respectively. The sharply falling spectrum

- &t lower Invariant masses is the end point from KE -z u v decay with

the pionvde'cayins in flight. The flgt dis.tributiOn of eve;rts in the
helium d.a’ce. appears 1:6 be’ fram neutron—helium i’nteréctions’.

The shaded events in Figures 3a and 3b are events_whiqh pass an
additional cut of 4 standard deviéﬁions. on the continuity of the

trajectory. The error for each trajectory was calculated by camparing

-6 =

it with approximately 100 muon tra.’,jec_tories with similar fopologies

from Ku .decays. No shaded events are within 5 MeV (= 50) of the kaon

3
mass in the vacuum data sample.
In the helium samplé six events remain with invariant mess within

5 MeV of the kaoﬁ mess. We. have calculated an approximate. x2 for -each

_of these hellum events incorporating the distributions in invariant
. mass, target position, orbit continuity, and renge. The means’ and

- standerd deviations for these distribﬁtions have been determined fram

the equivalent distributions from the I&o - :r+ ﬁ_'a,.nd KE < % p. vy events.
Of the six events in question, the one with maess of 496.8 has a xz
probability of 65% of being compatible with a Kg - u+_u_ decay. The

—4 L

other probabilities in order are 2%, 3%, 2 x 10, < 10 cp nd < 1070,

We believe this distribution to be cauaed by neutron—._-he_limvixjtemctions._
On this basis alone, however, we cannct determine whgtﬁer or not one of.
tﬁe candj.d,ates is a KE i u+ 0o evept. \

It oné event is mterp::;eted as real, the branching ratio R is |
determined by the sum of the K_E + 1 events in the ‘helium and the

vacuum samples.

) .I‘(Klg *ivuf f) B F(@ - arf %)

"R = -
I‘(KE ~ all)

N ‘ : -'-10‘
5 - x—EEN XA=68x10""
r(xL - all) T ’
where N = 1 is the number of observed KE - u+ o events, N - is the
[V .. . B ] 16
. + - .
number of observed Kxo_, - = events corrected for losses by decay in
flight, and A is the relative acceptance efficiency. for K; -> n+ x
o + -
and. K.L R
We believe, however, that we can without bilas exclude the helium

data from consideration because of the ‘backgrounds due to neutron— -
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helium interactions. The vacuum data, 87% of the total sample, are

devold of candidates. The upper limit on the branching ré.tio obtained

‘under these clean conditions 1s
R < 1.82 x 107 (90% C.L.)

The upper li:ﬁ;Lt of 1.82 x 107 on the branching ratio for: the :
Linit" of 6 x 10 7. The most uncertain aspect of the unitarity
calculation appears té be the contrfbutions_from intermediate states
. _ éthervthan,y_y. The possible effects of 2ny and 3n have been estimated
by Mertin et za,l.6 Their calculation, assﬁning destructive interference,
glves a limit of 4.8 x 107, The probability that the experimental
result is in agreement with this bound estimated by Martin et al., is
appro_ximately 0.3%. We note that if we include the helium data and
assume it contains one good event, the probability of agreement is
reised to only 0.7%. _

| The experimental limit fram the vacuum data leads to a 1imit bn
tﬁe weak interaction cutoff of A < 19 GeV based on the intérmediate
vector boson calculations of Toffe and. sha.balin.?‘. Using a second
order four—Fermion model their calculation ’results' in a liJﬁit of
A <7 GeV.

A We have ‘perférmed numerous checks on.ou;r apparatus and analysis
programs to éonfirm that we have no bias against ciil_eptoﬁ events. To
check the lepton identification criteria we have ccmpa.red.' our measured
relative rates for K 2 K"1 '

and K, to a Monte Carlo celculation and

3 3
have found excellent agreement. As has been stated, there 1s no muon
requirément-.i.n the trigger. Furthermore the relative acceptances for

K; . 2 + and K’i - l»_l:": p'."},' eg measured with the apparatus, agree 'wifch '

 is

Kg =W -pu  decay is in conflict with the lower "primitive unitarity . -

.‘_8_‘

the Monte ‘Carlo calculations. Filnally we have simulated Kz - p.+ w

events and analyzed them successfully with the actuel reconstruction

~

and analysis programs.

+ - + + ' '
Noe e or e pu events within 7 MeV of the K mass were observe};f

The limit from all the data on each of the e’ & and et uf decay modes

B = T o
- K{; : < 1.57 x 1077 (904 C.L.). -
T‘(KL - a‘ll.). _ Co S .

We wish to. thank the Iawrence Radiation Laboratory engineers s
the Bevatron staff é.nd our techﬁicians for their interest and efforts

which made the experiment possible.
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FIGURE CAPTIONS

Plan view of the apparatus. F and R are counter hodoscopes.

- H is a six counter array. T is & fast timing counter.

The dipion invariant mass spectra for the data taken with
(a) the evacuated decay volume and (b) the helium filled

'.'deca.y volume. The peak.is fram the CcP violat'ing decay

. 4+ - X . . . .
K.Lo -+ a1 n . The momenta have been reconstructed using an

effective length approximation for the magnetic fleld. Each
reconstructed kaon trajectory is required to pass within
4 cm of the target.

The dimuon invariant mess spectra for the date taken with .
(a) the evacuated decay volume and (b) the helium filled

decay volume. The measured magnetic fields have been used

to determine the moménta. Each reconstructed kaon trajectory
“has been required to pass within 4 em of the target. Bach

muon hes been required to travel to at least 80% of the
expected mean range for its measured momentum. The shaded
events have survived a 4o cut on the orbit continuity in

comparison with topologically similar muons fram KLI decays.
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