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SEARCH FOR THE DIRECT DECAY K' —~ ot + 7 + ¥
M. Chen, D. Cutts, P. Kijewski, R. Stiening, and C. Wiegand

lawrence Rediation Labofatorxlfuniversity of California, Berkeley

and -

M. Deutsch

Massachusetts Institutevof Technélogy, Cambridge
October 25, 1967
ABSTRACT

As a part of our Bevatron spark chamber study of K+ decays at rest
we have searched through our data fof examples of the direct decay
K# - n+ + 7 +9 . No eyents were found. Candidates were recognized by
the relation of the conversion points of tworgamma rays fo the mémeptum
of a charged particle. The charged particle was assumed to be a pion.
Its womentum was determined from its range in an aluainuwa plate spark
chauber. Ou; apparatus wﬁs sensitive to pions having a kinetic energy
between 60 and 90 MeV. The gamma‘rays were detected by a lead plate
spafk chaMber,ﬁ_If we assume the hypothetical direct decay process
K+ - n+ + 7 + 7 to be distridbuted according to a phase space model, we
can set an upper limit for tﬁe branching ratio of the K# into this channel

i

_l 3
of 1.1 x 107 ". Following the suggestion of Fujii,” we have interpreted

our result as a limit on the off-the-mass shell variation of the
+  +
KW= o+ 2° amplitude. If this amplitude is assumed to be of the form

o 2o
L)
M(@®) = MlnZo) [L - & —52
ui

O

X .
Work performed under the auspices of the U, S. Atomic Inergy Commission.
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our result. requires tha.t |§| < 30, “In this e.xpression 4 1s the inveriant
mass of the two ga,mma ra.ys. Our results are’ :anompa.tible w:l.th the sugges-
tion of La.pidus9 tha.t the K - :t+ + 7 + - mode may. be related to the.

n - at + 7 + 7 mode through a. o meson :Lntermedlate state model. The rate-
of K - :r &+ 7 + Y predicted by Lapldus is more: tha.n e.n order of magni-
tude greeter than what we’ obtain from ouxr uppe'r limit of the branching
ratio. We note_ixowever that this-i'_ebr;éluéi'on depends‘ en,the pfesently.

reported value of the branching ratio of n » x +7 +7 decay.
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, | I. INTRODUCTION
Tﬁé mechanism causing the KT » x* + n° decay has been the subject
of éonsidérable theoretical speculation. If the two pion final state
were.a pure isospin 2 stdte, and 1f the wesk interactioq satisfled the
|ar| = 1/2 law, this decay would be forbidden. Indeed, the amplitude
for this decay 1s about twenty times smaller than the amplitude fpr the
Kg -+ 2 decay which dbes not violate the ]AT[ = l/é selection rule. It
is of interest the;efore to attempt to determine the actual mechanism
through which the K+ »,“+ + n? decay occurs.

It has been suggested that the K+ - ﬂ+ + ﬂo decay wmay ogcur because
the 2x final state may not be a pure lsospin staté on account of the
Jr+,1to mass difference. In this i)icture the weak interaction is thougﬂt
to Obey the |AT| = 1/2 law exactly. The r;te of KT + at + 1° decay is
then determined by the extent to which the final two plon state is not
constrained to be a pure T = 2 state. We have attempted to test this
hypothesis by searching for examples of the K+ *‘ﬂ+ + ¥ + ¥ decay in
which the invariant mass of the two gamma rays is far from the 7° mass.
If we imagine that the two gamma rays constitute a virtual 7° intermed-
late state, this virtual particle has & mass different from the n+ mass
even more than the x° . It follows that the effect suggested above as &
mechanism causing the K nd x + 1° decay would be greatly enhanced. We
would therefore expect a large rate for K+-* n+ + Y+

We have also used our results on the frequency of K - x" +‘7 + oy

decays to cet a limit on the applicability of the so-called o and €

meson intermediate state models to K' and n decays.
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, 1x. mESWTS

Caoibbodand Gaﬁﬁo;l and more recently Hare anleambu,e Fﬁ,jii,3 and
Okeuibo, Marshak, and Matherh have suggested that the KT » «* + n° ampli-
-tude may become very large when the ﬁ is not on the mass shell. The
authors of references 2, 3, and 4 came to this conclusion by applylng
current algebra techniques to non-leptonic K meson decays. At first
glance, the conjecture that the amplitude becomes large off the mass
shell may appear to be in contradictlon to the experimental observation5
that the radiatlve decay K - n+ + ﬂ + 7 occurs with the frequency of
ordinary inner bremsstrahlung. If the»K - x+ + o amplitude is due to
ankelectromaghetic correcﬂion to fhe weak inﬁeraction, and is tﬁerefore
of order e2, one might think that the K -+ ﬂ+ + 10+ 7 amplitude, which‘
‘would be of order e, would be large in comparison with the non-radiative
amplitude. Ixperimental results,5 however, indicate that this is not so.

Cabibbo and Gatto,’ however, showed that it is possible to infro-
duce g large off-the-mass ohell 1&@' =1/2 amplitude which does not
givé rise to abundant radiative decoy, The form of the amplitude propoeed
by Cabibbo and Gatto has been adopted by Hara and Namou,2 Fu,j}:_t,3 and
Okubo, Marshak, and Mathur.4 If the K+ - n+ + 7° ‘amplitude bhecomes
very large off the mass shell, it will glve rise to a number of observ-
able decays,' In particuler decays of the form K+ -+ ﬁ+ + 7 + 7 where
the invariant mass of the two gemma rays is cot equal to the x° mass
chould be observed. | |

As a rough method of describing our results, we shall assume that

the K - ﬂ + 7+ process iu dominated by a single diagram in which
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there 18 & no intermediate state. We shall assume that the amplitude for
xo ~ 2y does not vary offvthe mass shell, and that the amplitude for

kt » 2t + 2° varies in the following manner:

| 2 -2 ]
2y 14 Tl
M(qe) = M(inlno) ‘[l - - 2] I .
L ' - L m o

In this expression, M(mio) is the on-mass-shell amplitude for K - x' + 7°
decay, ﬁ#@ is the complex mass of_:r0 ,‘ﬁno =m o+ 1 Eﬁﬂi%i%ll.. q is
the invariant mass of the two gamma rays.

Cabibbo and Gatto, and Fujii have related the parameter € to the

amplitude for K: - ﬂ+ + x  decay. Fujil finds that,

0 + -
] = M(K+ — Ir+ . no) =20 .
M(K™ ~»x + 7))
In order to compare our results with this prediction, we have calcu-
lated the differential spectrum of the % energy in the K+ - ﬂ+ + 7+

decay for various values of &€ . The result is as followsﬁ

1 ar(K 4 ty) _
P(K+»'n++ ﬂo).dEﬁ+ ‘

+

p | 2
n(x%2y) X o* L -

£
2 2 P (xO-2 )d o 2
0 PO e -mo +-;£——E¥Z—- - 1mﬂo r(x®-2y) m o

In this eXprassion Pe is the momentum of the n+ in K+-* n+ + “o decay.

A
1gz

]\

=

For the purpése of comparing this calculation with our experimental results
we have assumed that D(x° = 27) = 7.4 i(lls X lO"6 MeV as given in the
table of Rosenfeld et al.6 |

We havé searched for examples of the K' = x" o+ v + } decay in which:

‘the kinetic energy of the n+ was between 60 and 90 MeV. We did not find
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any evidence for the existance of this deeaywmﬁd%t‘ If° we interpret our

observations using the sbove described model we find that el <30

Our experiment therefore does not ‘rule out the- prediction of Fujii 3

Our result can be interpreted in another way. Brown and Sing,er7
have suggested that many K and n decays are mediated by & spin zero,

isospin zero, even parity meson, the ¢ . The follOwlng decay sequences

.

o - 0 -
'L—a»:r +

L
n-+0o+axn :
5 5
T + ¥

are thought to occurs:

Invariant mass plots -of plon pairs in the above’decays havevindicated
that the best fit to the ¢ model of Brown and Singer is made when it is
assumed the m = 400 MeV, and T £ 100 MeV.8 Because of the large width ..

of the hypothetlcal o it has not been POaSLble to conclu31vely Ldentify
it in the abovt reactlons.A
It has been observedé that the 7 mesonvdecays with considerablev
frequency into the mode:
. O N

N~ +y+Yy
Lapidus9 has suggested that the observation of this decay quelean be
used to establish the branching ratio of the ¢ meson into two gamma rays.
If this model is correct, the two modes,

: "

L S A A

vK+» n+ + 7+
are simply related. The model of Lapidus requires that the decay

KW - xt 4 7 + 7 be about 1% of all K decays.
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In order to compare our results with this prediction, we have computed
 the fraction of ¢ meson mediated K+ - n+ + 7 + ¥ ‘decays that would be detec-
ted by our apparatus; In méking this calculation we have used a Breit-

Wigner distribution function:
. I P quv
Ar(K” > a1 4749 _ o . at
dE 4 - 22
T 2 2 ‘0
(¢“-m“+ Ef) + m

2T

m is the mass of ﬁhe o , assumed to be 400 MeV, and Pc is its wldth,
assumed to 100 MeV. A 1is a constant. Our result, which is rélativeLy‘
insensitive to the assumed ¢ meson parameters, 15 that if the K+ -t % 7+
decay proceeds via.a o meson intermediate state, thé total branching ratio
of the K+ meson into this channel is less than 3.3 X lO"u . This 1is more
than an order of magnitude lower than the prédiction of the Lapidus model.
We would like to point out, however, that the o intermediate stafe model
would not be in disagreemenﬁ with our results if'the.branching ratio for

n - no + ¥ + ¥ were much smaller than the current experimental resul£s
indicate (20.5 # 3;5)%.6

Various other O+ meson intermediate state models have been considered

in the literature. Oneda10 suggested an € model (me = 700 MeV). TFor this
It

model our results limit the total branching ratio to be less than 1.8 x 10~
Fihally,vﬁf we assume that the'hypothetical K& *’ﬂ+ + ¥ + y. decay is .
governed by a phase space model, that is, if the distribution of the 1

is as follows

; ar(k" - « + 7+ ) x P.
codE at

where A is a constant, our experimental result limits the total branching

ratio of the K* into this mode to be less than 1.1 x 10~}
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The vector-meson-dominant modél,li’le and the n-pole model 15 5 th
predict branching ratios for K" - &L +‘7 + that are much lower than
the upper limits_that wevhave been able to set inithis experiment.,

We have obsérvéd 29 evenfsvwhich.a?e-acééptable'candidates for the ‘
reaqtibn_K+ - ﬁ+ + Y +7 . A stﬁdy-of_ﬁhe‘béckground indicétes‘that theie.
should be 30 # 3:5ackground events among the‘candidates. fOur branching
ratio limits are based on thé assumption.that tﬁere are fe&er than 11

+ + , R
K =»x + v+ v events in our sample.

CIII. EXPER]]VIENTAL DETATLS

A crﬁss sectiOn_of our apparatus is shown.in-Fig..l. This-apbara-
- tus was designed'primarily for a'study of the KZBIdecay,mode and -the
results of the experiment described here are.based’on a:reAanalysis of
the data taken for that experiment. As the apparatus will be described
in detail in a later paper, we shall give only a brief outline of it here.

The kaon stopper at the center of Fig. 1, which consisted of a
scintillation couvnter box filled with carbon dust, was plated at the
second focus of a 500 MeV/c single-stage sepafated K" beam at the Bevatron.
K+ mesons,vwhich entered the apparatus in a direction perﬁendicﬁlar to the
tfigﬁre, were identified by a variety of.sciﬁtillation counters and a Ceren-
. kov'counter in the beam. The counting system is not shown in the figure.
jThere were ﬁwo spark chambers in the K beam 1mmediately before the stop-
vper to asslst in the determlnation of the st0pp1ng p01nt of the K meson.
| v.-__‘.’l‘he_' set of counters T2, T3, T, T4, and 75, which we shall call the
pion téléscépe, was used to identify chafged particles fron K* decay.

The spark chambar trigger requirement was a T2—T5-T4-5-T5 fast
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coincidence occurring in the interval from 6-35 X 10"9 seconds after a
K-stop signal. The water Cerenkov counter in the pion telescope served

to reject electrons from the K: :decay mode, and products of gamms, ray

)
conversions. Pions with insufficient energy to gd Beyond the TS anti-
coincidence counter were not detected in the Cerenkov anticoincidence
counter. The aluminum degrader shown 1n-thé figure was variable and
could be adjusted to make the rangé interval between T4 and T correspond‘
to an initial plon kinetilc eneréy from 50 to 150 MeV.
| The gemma rays were detected in 36 module spark chambers surrounding
the kaon stopper. The plates in these mod;les consisted of a sandwich of
a 0.8 mm thick lead sheet between two 0.3 mm thick aluminum plates. The
two modﬁles closest to the kaon stopper were made with thin aluminum
plates in ofder.to rermit the identification of charged particles entering
the chamber from outside."\There were ho counters assoclated with the-gamma
ray chembers. The initial direction of the pilon was aetermined by measur-
ing the tracks in the three thin spark chambers SCl, SC2, and SC3 in Fig. 1.
The range of the plon yas‘determined by measuring its depth of penetration_'

"into the 28 moaﬁie aluninum plate spark chamber between T4 and T5. The
film teken in this experiment was scanned on the MIT SPASS automatic
scanring system. All the spark chambers were scanned by this system
except the aluminum platé range chamber which was scanred by hand on the
LRL SCAMP mathine.

In order to. isolate events of the type K' = n + 7 + 9 we take the
rarge and direction of the charged‘particle in the pion:telescope and the
dircction of one of the gamna rays'and compute the éxpucted direction of

the second gamma ray. This direction is uniquely predicted if the'evcnt
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is an example of X - n+ + 7+ .‘ We compute the angle hetween the
predicteq direction and the measured direction of the secohd gamma.ray.»
We then repeat the procedure using the second gamme ray to éredict the
direcfion*ef the first. We use the average of the angles O frem.these
two comﬁhtafiohskas a meesure of the deQiatien:from K" + 7+
kinematics.

' In ordervto shew thet our apparatus would be sensitive to K& - n+ 4_7 +
evehts, we adJusted the amount of degradef in the‘pion telescope s0O thet
108.6 MeV pions from the reaction K - ﬁ + ﬂo would stop between Th ana
TD. The distributlon in.cos a v of these events is shown in Fig. 2.

Figure 5 shows the distrlbution in cos a that we observe when we

reduce the emount of degrader 1n the pion telescope in order that pions
from the reaction K - n + 70 cannot-stopvin the range interval between
T4 and 55. During the course of thevexperiment the degrader was varied
se thst the pion‘energy intef&al from 60 to 90 MeV.was covered. There is
evidently no peak at cos ah. = 1 in our data. Frem e study of our experi-‘
mental resolution made with the help of the K - n+ + no data, we esti-
mate that about 80% of the K - ﬂ+ + 7 + events would fall into the

interval O, 994 < cos a < 1.000., The uniformly distributed events shown

in Fig. 3 are K* - 1° + p-+ + v events. A Monte Carlo study of this K5
background has shewn that it is distributed wniformly .in the interval |
0.96 < cos OEV < 1.00. We have used the number of observed background
events in the interval 0.96 < cos ., < 0.99 to predict the number of
background events expected in the intervel 0.994 k cos Ohv < 1.000., Ve
predict 30 * > events. We OBServe 29vevents in this interval. The excess

of the observation over the predlction is -l t 6 events. We have based
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our branching ratio limits on the assumption that thereiare fewer than
11 events in the 1ntef§al 0,994 { cos & < 1.000.

We wish to thaﬁk E. Ségré for advice and enéouragement, We Hartsough
and thevBevatron staff for an efficiently running machine, and E. MgLeishl,

- for her efforts at the scannihg table.
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Fig. 1. The apparatus used in this experiment. K+ mesons entered
the stopper in a direction perpendicular to the plane of the diagram,
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Fig. 2.
@ is the average angle bétween the measured and the predicted
direction of one of the gamma rays in K" = 7" +y +y.
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Fig. 3. Distribution in cos «o__ of the sample of K decay events in
which we searched for exa%}’ples of the reaction KT —» «t + v+vy
w&th the invariant mass of the two gamma rays not equal to the
m° mass. Our upper limit on the branching ratio for this mode
comes from the conclusion that there are fewer than 11 events
in the interval from 0.994 to 1.0.
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