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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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ABSTRACT
Thé 5ranching ratio for the process K+ - ﬂ+ } v + v is shown by a
counter-spark chamber experiment to be less than 1.2 ><‘J.O-6 of all deqay
mOdes,'éSSuming a‘pion energy spectrum like that of K+ - ﬁo + e++ v. Our

apparatus was sensitive to pions in the kinetic energy range 117 - 127 MeV.

“In 1964 Camerini, Cline, Fry, and Powell® reported tﬁe results of

a search for the reaction K+ - n+ + e+ +e ., They set an upper limit of

2.5 X 10-6 on the branching ratioc for this decay mode. Other

experiments2 have been made to search for Kg - et

- 0 + -

e - and
2 K-L’S H J‘ V
K+ nd ﬂ+u+p-; These decays have not been observed. In the experiment

described,here, we have searched for the decay

Kot sv a7 . : (1)

We have observed no examples of this decay. If we assume that the energy

" spectrum of the ﬁ+ is the same as that of the no in the observed reaction3

o, k4
K+ - ,+'e+ + V, we can set an upper limit on the branching ratio for

6

the K' to decay in this manner of 1.2 X 1070 (904 C. L.).
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The significance of our result depends upon the manner in which we
account for the absence of the reactlons dlscussed above.' We may suppose
that K - ﬂ+ + V4V should result from the same interaction that glves
rise to K - no + e+ + v. The matrlx element for thls 1atter decay is .
known tocbe of the form:5
G _
W2

o o o
If we substitute (;rflelx*') ror (o |gy KT and T, 7, (1 + 75)U, for

(T, 7+ 7)U) GOl K> . (2)

= ' Of + 1o\ _ + +y\ .
U;yx(l + 75)Ué, and if <% IJXIK«> = <ﬁ |JX|K > ,- the above expression
for the matrix element is practically unchanged. The energy release in
the decay is so high that thée electron mass is negligible. The fact that

our upper limit on the branching ratio for K+ - n+ + Vv + Vv is at most

very smallnin comparison_with the branching ratio for K - ﬁo + e+.+ v
(which is O:OS) can be accounted for by aesuming‘either that <ﬁ+|Jk|Kf>
vanishes-or that some lepton selection rule is violated by a current
U, 7,\(1 + 75)U |

The current J is known emplrlcally to obey the AL = L/é rule.
If we assume that the <ﬁ IJ IK‘> component of this current vanishes, it.
is imp0351ble to account for the AT = l/é selection rule of_non-leptonlc
strangevparticle decays in the usual fashion as tne fesult of a current-'
current.interaction where one current carries Al = l/é, AS =1, and the
other cennies AL =1, AS = 0. .Thns it is necessary to abandon fhe hypoth-
' esis thnt all weak interactions occur as the self-interaction of a cur-

rent made up of many parts. Our eéxperiment is consistent with the assump-

+

tion that the matrix element <n+|JXIK+;>vanishes since both K¥ » «* + e + e~

-+

and.K+ - x 4V 4+ ¥ would then vanish. On the other hand, if <ﬁ+|Jx|Kf> # o
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there muét be a seiection rule among lebtohs whichvprohibits currents of
the form T lyx(l + 75)U . Our experiment then.shqws.that the combination
U 7k(l + 75)U is also forbidden. It is imposéiblé to decide at present
whether 1t 1s this leptonic current or the hadronic current matrix element
<n [JXIK ) that vanishes.

v Oékes6 has suggested that élthough K+ - ﬂ+v+ V + V may not occur
in the framéwork of conventional weak interéctionutheory for one of the
réascns discussed above, there may be an additional type of weék inter-

action current which violates CP and gives rise to>KO - 21t decay. The

2
T o + + = . ' . -5
for K - x + V 4+ V in the theory of Oakes is 1.8 x 10 ~.

branchihg_ratio
Our result is inconsistent with this prediction. Other authors8 have
calculated K+ - n+ + VvV + vV on the basisrof higher order weak interaction
theories. A Simple segond order application of weak interaction theory
as it is now known leads to a divergent result for the KM - ot + V4V
decayirate. Various models have been made to ameliorate the diffi-
culties caused by this divergence.8 The interpretation of our result
hinges then on details of the model employed. |
Thé:experiment depends on the fact that no obsérved K+ decay'at
rest produces a n with an energy greater than that from K - n+ ﬁo
(Tn = 109 MeV; b.r. = 0.21). 1In order to produce a n+.of higher energy
the K+ must decay into a n+ and a neutral system with rest mass less
than thét»of the no. If we neglect decays into four or more particles,
" the only pos31b111t1es are K -+ x'e’e” (b.r. < 2.5 X 10 -6 l Kt > 1y
(b.r. <1l.1x 10' ), and reaction (1). The last two reactions may give

pions with energies up to 127 MeV. Hence thé fact that we observe no ﬁ+
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emitted with energy betweeﬁ 117 and 127 MeV unaccbmpanied by high enérgy
'7's‘or Chéfged.particleé'in the opposite hemispheréfis sufficient to
exclude the_n+v; decay.' |
| ﬁThe experimentailarfdhgément is shown in Fig. 1. Kaohs inlthé i

incominé_beam from thé Bevatron are Brought to rest in the "K—Stdp"
counters KS1 and KS2. Scattéfed and transmitted particles are éuppressed
by'the>anti-éoincidence éountefs K4 and K5. Thos¢ scatfered tbwafd the

Py cdunﬂers arévsuppressed by the réquiremenf that the pulsés from counters

7l and w2 must be delayed » 6ns after the pulse from the stopping K.

Piéns‘ih:the beam are excluded by i) a water Cerenkov counter KC [actually 

cohéistinggof two -.counters éoﬂﬁected in parallel: B(K) < B(threshold)< v

B(x)1, '.i.'i) £WO dE/dXv counters [(d.E/dX)K > l.5(-d.E/dX)ﬂ], and iii)

range (Rﬁ'>> R for same initial momentum). Invsyﬁmary the KT signél'is

k1, K2,‘_'K5, KSl and/or Ks2, KC, Kf&, K5]. We require that a subsequént

7 signalIOCCUr between 6 and 54 ns after the K+bsignai,‘and we deﬁote.

~ the K+isignal tOgether’with this adaitiénal timiﬁg reqﬁiremént as the

'K decay" signal. | o N
Théitriggeringvsyétem of the n+ detector (71, aC, w2, n3, 7B, Kﬁ,

KL, KB) does not distinguish between stopping4n'§ and stopping u's, but

high vélqéity pn's from KHQ are vetoed by the water Cerenkov counter xC
.and by'thé maximum-range counter WB. A large counter, KO, which completely
'COvefévfhévincoming beam (not shown in Fig. i) is used to detect evgntsv
in which more than one beam parpicie enters the apparatus during the

K *In +u-+e deéay séquenéé. Thése events afe excluded if a beam

particlé enters 1in coincidence with the =, u, or e. The requirement
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KC in thé:ﬁ+'triggering system further insures agéiﬁst défecting scafter-
ed beam'piéhs. . | | |

| Wheﬁevef the whole'triggering system‘("K_decay", %, and ) indi-
cates'that_a K+ has stbppéd in the target, that iater a slowféharged
particle;hasbpéssed through the =« telescope andiszPped in one of the
decay cdﬁnfers 74 to #7, and that no high energy ?:has entered the lead-
glass.Cefenﬁov countérs 7Clv0r ¥C2, then the spark chambers ére pulsed
and the signalé from the'decay counters are displayed on each of two
four—BéamvSSCilloscopes. One of the oécilloscopés has a sweep range of
éOO ns.:.The four traces on this oscilloscope are'examined for the stop-
ping ﬂ+‘and the n+ *.u+ décay. The u+ enefgy loss isdetermiﬁed by
measuring the Q+ pulse height. Since the u+ in n+ - u+ + v decayvhas an
energy‘bf 4.4 MeV, this measurement 1is helpful in eliminating accidental
backgrdunds. The other oscilloscope has & sweep range _Qf 3 us. The
traces on this oscilloscope are examined fof thg u+ - e+ decay; 'We
require that an et pulsé occur in the counter in which the ﬂ+ stopped,
and that either the e’ have an energy loss of£>h.5 MeV in that.counter
or that if_make a pulse in at least one adjacent counfer.

The pion range is computed using the absorber thickness (which is
varied according to the portion of the spectrum to be‘examined),fhe Pion
traJectory as seen in thg‘§park gaps,'and the positions'of the counters
showing the K-stop and the n-decay. |

. The Kt - n+no dgcays are used to calibrate therapparatus. The

measured pion mean life using pions from K+ - n+no is 26.4 + 1.0 ns_in
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good agreement with the accepted value. The inefficiency of the yC anti-
coincidehce COuntere‘(determined by comparing the‘K+ - ﬁ+no event rates
with 7's’ vetoed versus the rate with y's requlred) is 6 X 10 h The
| branching ratio (KT » ' )/(K - u*v) is found to be 0.36 * 0.03 in
satisfactory agreement with the accepted value 6.33. This agreement
checks the assumed value for n+ absorption.

Evehts with an apparent n+ - u+ - e+ decay.eeQuence and with a
7' range of at least 50 g cn? were considered "KT - x'vP" events. The
most important source of background was K+ - u%vy events where an accie '
dental particle struck the decay counters causing the @ - e decay to be
mistaken.for a it » 4 = e decay sequence. The pfobability of this was
determined by examining a sample of 30,000 stopplng p from K - M *y
for: apparent T p e decays. The range of the stopping particles
R>T0¢g cm ) guaranteed that they could not:be pions. Most of the
spurious "x" - "u" »'e events were found to have low "u" pulse heights.
The same probability for spurious events was assumed for the 32,000
stopping h+ (from Kf - p*vy) seen during the search for K' - x'v¥
‘(50 <R <'59 g cm-2). Another source of background was due to pions

1n the K beam which the KCcounter failed to veto.

The numbers of "K' - n+v§" events and the expected background events
were considered for various cut-off values of the K life-time, the x life-
time, and the "u" pulse height. The numbers of "K' - x'v¥" were consis-
tent with the expected background for a wide variety of cut-off wvalues.

In the final sample of "k > xTvP" events pulses were required to have

between O 5 and 1.5 times the mean pulse height of muons -from w4 decays.
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The n and K life-times were reqﬁired to be within tﬁo mean lives after our
detection thresholds. Measurement witﬁ K' - x+n0 e?ents showed that these
cuts excluded 55% of the pions. After the cuts_thévexpected background is
0.8 events.vahere vere no "K' » x'vi" events in the final sample.
Oﬁr détector efficiency for s v¥ events is shown in curve II of
Fig. 2A,' The meaning of observing one event in our experiment depends
on the convolution of this efficiency and an assﬁmed pion spéctrum._ We
denote this convolution by eﬁ+v;.‘,We have considefed the possibilities
shown in Table I.
Assuming a vector interaction if one evenﬁ had been found the

branching ratio would have been

r' - 7'vy) _ (Vo) . € tx0 . Ty ) F(ﬁ+ﬂo) - 5.3 x 1077 (3)
I'(all modes) (ﬂ+ﬂo)/k+ € s Trp I'(all modes) ~~° *

Here ﬂ+VQ/K+ stands for the ratio of the number of "K' - x'vi" events

found to the number of K+ signals examined by the triggering system
(7.2 x 1071° assuming 1 event); n'x’/k" is the ratio of the number of

ﬁ+ﬂo events found to the number of K+ signals examined when the appara-

 tus was used to detect K - 5 n" (1.5 x 10'5); € 4,0 (0.054) is the

detection efficiency for a0 (the convolution of curve I with curve (i)
in Fig. 2A); € Hyp (0.0105) is the detection efficiency for 5 v¥ assuming
a vector spectrum (the convolution of curve II with curve (ii) in Fig.

24); andiTI/TII (1.05)is the ratio of = transmissions for the absorbers

.corresponding to curves I and II in Fig. 2A (44 and 52 g cm™ cu equi-

valent, respectively).

Table I contains the branching ratios which we infer from (3).
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By the 90%.confidence level we mean the rate which'wé would computé héd 5
we foundtQ.jlevents. v v :2. | . %
We.aré grateful to Professor E. Segre for his encouragement and '
support and-to Dr._Cr Wiegand and D. Brandshaft,forwvaluable_assistance,
especiallj iﬁ the eafly ;tages_of this éxperiment. ‘We also wish tovv
thank W. ﬁéVis, J. Gailup, N..Gregn, E. Hahn, D. Hildebrand,ﬁP. Newman; | %
and J. Wild_for their help with scanning, ahalysié, and operation. dne
of us (RHﬁ):wishes to acknowledge‘with thanks his support by thevJoﬁn

Simon GuggeﬁhEim Foundation during the course of this experiment.

Table I. _Effectivevdetection efficiency‘eﬁ+vi (117 Mev < TJt < 127 MeV)
and'resultanﬁ branching ratio (9O%YC. L.) for several assumed ﬂ+ épectra. o a
p_and T  are the momentum and kinetic ener ' respecti .

x x & <Y 5 pectively, of the n .
Tyax = 127 MeV is the kinematic upper limit for-K_+ - x'v¥. The spectra

were normalized to have unit area between O and‘Tv v*

_MAX
_ Type of c 4- Branching :
dN assumed first-order atvy Ratio E
dTJr 7 interaction ;
5 ) | e %
pﬂ vector 0.0105 1.2 X 10 B
)
3 (z,.-T ) Tt - . -6 1
P}, wax~ T ensor 0.0034 3.8 X 10 i
(DT, scalar 0.00072 1.8 x 1077 |
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Fig. 1.

Fig. 2.

" FIGURE CAPTIONS

_Apparatus. Kaons stopping in the'targeﬁ_écinfillators KSl and
KS2 are selected ffoﬁ the incoming beam by signals X1, KE, KE} KB,

“KS1ani/or XKs2, K&, K5 where K2 and K5 have pulse heights. >

,1.5‘x pion pulse height; Low'velocityfdecay pafticles are

selected by signals =l, nC, =2, %3, EB; KC, K&, K5 where'xl is

delayed > 6 ns after K3. Events which emit gammas into the

_opposite hemisphere are eliminatéd by signals ;Ei and/or ;EE.

 Pions are diStinguished from sfbpping muons by 'scope displays.

of the it-p-e decay pulses in cbﬁntérsbnh-ﬂ7

 Rdnge Distributions. 2A: Calculated distribﬁtions for K decays

/

into n+no, n+v§ (vector), and u+v with straggling‘ahd small angle

| mﬁltiple'scattering taken intovaccount. Dashed curves I, II,

‘and III show detectbr efficiencies fof different absorber

thicknesses (curve IT is weighted sﬁm of curves corresponding to
two nearly equal thicknesses). 2B: Expected event distributions
for x'x° and p*v (curves I and IIT folded into i and 1ii) end

cbrrespondingvobserved distributionsv(histOgrams). 2C: Expected

+ 0 + = s . A '
and observed =m n and "x vv" distributions for absorber corre-

-

sponding to curve IT, Fig: 2A. —[9CIl and/or—yc2-required—in- —

: + O . . s .
~coincidence for = x (open histogram) and in anticoincidence -

for "x'vv" (shaded histogram)l.

B )
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