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The meéhanism causing the- K& —en+ + no bdecay has beenvthé’sﬁbjéct
of considerable theorétical speéulatidn.7:1f~the two pion final state
were ‘a pure isospin 2 state, and if the weak intéraction satisfied the
|AT| = 1/2 law, this decay would"be forbidden. Indeed, the amplitude

for this decay is about twenty times smaller than the amplitude for the

TK: — 21 decay which does not viclate the |aT| = 1/2 selection rule.

T4 is of interest therefore to attempt to determine the actual mechanism
N + 4+ 0 '
through which the K —x + 5~ decay occurs.

It has been suggested that the K —->x + no decay may occur because

~the 2x final state may not be a pure isospin state on account of the

+ ' - . . . v ' : v
7 ,no mass difference. In this picture the weak interaction is thought

‘to obey the |AT| = 1/2 law exactly. The rate of K oat o+ o® decay

is then determined by fhé.extent”to which the final two pion state. is not
constrained to be a pure T =2 state. We have attempted to test this

. | . . i . + . .
hypothesis by searching for examples of the K '~aﬂ+ + 7 + y decay in

*

* ' ‘ : ‘ -
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which the invariant mass of the two gamﬁa'rajs is far from the 7° mass.
If we imagine that the two gamma rays constitute a virtual ﬂ?

o | o + , R
intermediate state, the mass difference between the =« and this virtual
Ko is much greater than the real ﬂf;ﬁo masé difference; It follows
that. the e€ffect suggested above as a mechanism causing the K —an+ +-ﬁo
decay Would:be greatly enhanced. We would therefore expect a large rate
for K —»x + vy + 7.

. 1 ' o 2 . B
Cabibbo and Gatto,” and more recently Hara and Nambu, Fujii,” and
T : + 4+ o0

Okubo, Marshak, and Mather have suggested that the K - +'x
amplitude may become very lerge when the ﬁ? is not on the mass shell.
The authors of references 2,_5, and 4 came to this conclusion by applying
current algebra techniques to non-leptonic K_mesqn_decays, At first
glance, the conjecture that the amplitude becomes iefge'off the mass

5

" shell may appear to be in contradiction to the experimental observation

that the radiative decay K - + n°

+ ¥ occurs with the frequency of
ordinary inﬁer bremSStrahlung;. If the K+ —9ﬁf>+ ﬁo amplitude is due
to an electromagnetic correetien to the weak interaction, and is therefore
vof order e2, ohe might think £hat'th§ K+.—>n+ + no + amplitude,
which would be of order e, would'be large in compafison with the non-
radiative amplitude. 'Expetimental'results,5 hoﬁeVef,'indicafe that thie
is not so.

Cabibbo and Gatto,l heWever, showed that it is possible to intro-

‘duce a large off-the-mass shell |AT| = 1/2 amplitude which does not give

RO s




rise to abundant radiative decay. The form of thé amplitude proposed

5

by Cabibbo and Gatto has been adopted by Hara and Nambu,2 Fujii, \andv

Okubo, Mershek, and Mathur." Tf the K" > +x° amplitude becomes
very large off the mass shell, it will give rise to a number of observable
deéays. In particular decays of the'form’ K+ ->n+ ty ty where the

- invariant mass of the two gamma rays is not eéuél to»the .ﬁo mass

should be observed.

As a rough method of describing our results, we shali assume that
fhe K+.~9ﬂ+ + ¥ + % process is dominated by a single diagram iﬁ which
there is a no intermediate state. We shall assumg that the amplitude
for no — 27 . does not.vary of T the mass sheld, and that the amplitude for

+ + o] . . .
K —gx + w varies in the following manner: .

, -2
2y _ ur 2 a4 -mo -
M(q") = Mm ) (L&—E—“—J
o - mﬁo

2
In this expression, M(mﬁo) is the on-mass-shell amplitude for Ko 1+ O
- : : _ o]
decay, m o 1s the complex mass of 7° mo=mo ti £££~§:Q§Zl .
q is the invariant mgss of the two gamma rays.

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

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

M(Kovéan+ +q )

M(K+ -?ﬂ+ + no)

ne

le] 20 .



In order,to compare our results with thiS'prediction? we have

calculated the differential spectrum of the =x  energy in the

k" ot + y + y decay for various values of t . The result is as follows:
1 'dI‘(K+ 7 .+ y + 'y) -
(k" - at + 7°)  dE + -
7
' + o ' T 2

2 MK_w o] ' Pn Lo - - 1 €

S I -2y) =—q. - _ -

T o ‘ o 1.2_.2 r(x° - 27)'2' : o . e

7° v q.—mﬁo tm—y -‘imﬁo P(n - 27) 7©

In thie expression Pe. is fhe'memeﬁtum of the n' in . be—an+ + ﬂo “decay.
For the purpose of comparing this'calCulation with our experimental
resulfs.we have aSsﬁmed that D(x° - 2y) = 7;4‘i;0.15 x 10_6 MeV as given
in the table of Roseﬁfeld e£=al.6

| As a part of oufiBevatronvspark chamber study of 'K+ decays'at
rest we have searched for examples of ‘the K+ f>n+ + y + ¥y decay in which
the kinetic energy of the ﬂ% was between 60.and_90'MeV. We did not find
any statistical%y_eignificant»evidenCe for the'exietence of such decays;
if_wejinterpret'eur obsefvatiohs using the above‘descfibed model wevfind
that. |é| < 30; Our experiment therefore does not rule~put the prediction
of Fujii.S | |

We havelaleo used oﬁr resultsvon_the frequency of‘ K&b~>ﬁ+ + oy + oy

decays tovsetia limit on the applicability ef the éoécalled' o and ¢
meeon intermediate state models to ‘K+_ and 10 decays. ’BrOWn and Singer7

have suggested that many K and 1 decays_are_mediated by a spin zero,

)



isospin zero, even parity meson, the o . The following decay sequences

are thought to occurs

+ +
K -0+ =
_— _
'—"ﬂo + 1t
0
n-—-0+xn
-+ -
0

Invariant mass plots of pion pairs in the above decays have indicated that
the best fit to the o model of Brown éna Singer is made when it is
assumed the m0 %’LOO MeV,‘ and Po g 100 MeV.8 Because qf thé large
width of the hypothetical o it has not been possible to conclusi#ely‘
identify it in the aboVefreactions.

It has been obéerved6 that the n mesdn decays with conéidefable

frequency into the mode:

n ‘?ﬁo Y+

“

9

ﬁapidus has suggééted that the observation of this decay mode can be used

to establish the branchiqg ratio of thg ¢ meson into two gamma rays.
If this model is correct, Jthe o modes,

n s Y+ y

K%~>n+ + oy +
are simply related. The model of Lapidus_requires that the decay.‘

+ +
K —x + y+ 7 be about 1% of all K" decays.



In order to compare-our'resﬁlts with this prediction, we haye.

S - ‘ + + _ '

computed the fraction of ¢ meson mediated 'K —x + y + y decays
that would be detected byvbur‘apparatus. In making this calculation we

have used a Breit—Wignef distribution function:

L _ L
de(K+'—>ﬂ+ + oy o+ 7) - s 'Pﬁ+q
| dE_+ - B 22
5t : r
(¢“-m" + %) + e T
I Yo o

m is'§he mass of‘tﬁgf o, assumed.to bé'AOO MeV, aﬁd: fc is its width,
assumed to be.lOO MeV. A is a cohsﬁant. Our reSﬁif, which is relatively
inSenéitive to>the assuméd‘»dv mééon parameteré,.is'thaf if the

K+ —>n+ + 7’%'7 decay pfoceeds via a o0 meson intefmediate state, the
total branéhiﬁg ratio of the K% meson into this channel is less thén'

3.3 x 10—4

. 'This is»morebthan an order of magnitudé lower than the
predictibn of the Lapidus model. We would like'fd poiﬁt out, however,
-that the o intermediate state model would nqt be in'disagreément~with ouf
results if ‘the branching ratio for 1 >’ ¥ + vy were much smaller .
than the’current experimental results indicate (20.5 i_5.5)%.6 
Various other oF meson inféfmediate state.models.have been
considered in the 1iteréture. oneda® sugéested;an e'_m.odel-(m€ = 700. MeV).
For this model our results limit the total branching ratio to be less |
than 1.8 x 107" ' |
Finally, if we assume that the hypotheticél Kf—aun+ - Y+ oy
decay is governed byza phaée_space model, that is, if the distribution of

the n+ is as follows:



ar(k" sx+t 7+ )
. dEﬁ '

= )\ ..Pﬁ+

" where A is a cons stant, our experimental result limits the total. branchlng :

" ‘ratio of-the Kfv into this mode to be less than 1.1 x lO - .

15

The vector—meson—domlnént ﬁddel,ll’lg and the 7 pole model both'
preaict’branchiﬁg.ratiOSvfor Kf —>ﬁ+ + oy +y that are much lower than
-the upper linits that we have been able to set.in this experiment.

We havé obserVéd 29'events‘which are‘acceptable candidates for
therreaction K+ —>ﬁ+ + ¥ f'y .' A study of fhe background,indicateg‘that

‘ there shOdld be 30 + 3.background events-among the candidates. Our
branchlng raflo limits are based on the assumptlon thdt there are fewer
than 11 K ~>n+ + oy + eveﬁtu in our qamp1e. A more detalled des-

1k
CrlpLLOH of this’ experlment can be found in UCRL- ]788(
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