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In an optical spark-chamber experiment, we measured the branching ratio (Eq-yy)/
(Es- all) to be (-1.9+ 2.4) && 10 4. The result assumes no interference between Es-yy
and Ez, yy. We also measured the branching ratio (E~-yy)/{EL,-all) to be {4.82+ 0.55)

'

10 ' laoo/n, I'.

Some recent attempts to explain the anomalous-
ly small &1.-AIL'p branching ration have relied
upon destructive interference between the E2

amplitude and an unexpectedly large E,
amplitude. ' It is possible that the mech-

anism which produces such a E,- p, p. enhance-
ment would also produce a large Ez-yy decay
rate. %e have studied the decays K&-yy and Kz
-yy in an experiment performed in the neutral
4.7' beam at the Brookhaven alternating-gradient
synchrotron. These data were collected simulta-
neously with data on the decays &~ I.- m ~ . The
m'mo results have already been published, ' and the
apparatus shown in Fig. 1 is also described in
Ref. 4. %e were able to achieve a high sensitivi-
ty to E& -yy decayse because the pair spectrome-
ter had a y-ray transverse-momentum resolution
of 5 MeV/c. This enabled us to separate yy de-
cays from most of the dominant 2n background,
since the y-ray transverse-momentum spectrum
from 2s' decays cuts off at 229 MeV/c while the
spectrum from the yy mode extends up to 249
MeV/c. The Es's were produced by regeneration
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FIG, 1, Schexnatlc view of the RppRrRtus,

from a +I, beam ln an 8-ln. uranium block. The
E~-yy decays which. occurred downstream of the
regenerator were used for normalization.

The vector momentum of one y ray was mea-
sured in the pair spectrometer with an rms error
of 2.5% in energy and 3 mrad in production angle.
The decay vertex was established by the intersec-
tion of the spectrometer y-ray trajectory with the
beam which was a Q.8-in. wide by 8-in. high verti-
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FIG. 2. Kl, yy. (a) Spectrometer p-ray transverse
momentum and (b) reconstructed E mass. Results of
MGDte CRrlo 81MQlatloQ Rre ahowQ for comPRrjsoD.

cal ribbon. The direction of the second y ray was
determined fxom its conversion in the lead-plate
shower chamber and the decay vertex.

Our understanding of the apparatus mas gxeatly
aided by the presence of a strong, clean Kr, -yy
signal. From a run without the xegeneratox in
the decay tank, we had a sample of approximately
4000 such events. Figux'e 2 shows the recon-
stxucted E-mass and spectrometer y-ray txans-
verse-momentum spectra for these events along
with similar curves from Monte CR110 simulation.
The high I'~ edge in Fig. 2(a) shows the 5-MeV/c
resolution of the appax'atus.

Approximately 120 000 pictures were taken mith

the regenerator in the decay tank. Each spec-
trometer frame was measured by an automatic
flying- spot scanning machine. Approxim ately
50fo of the measured frames contained a pair of
tracks which reconstructed as a y ray. In order
to reduce the number of shower chamber pictures
to be measured, two cuts were then made on the
data. First, the transverse momentum of the
spectrometer y ray was restricted to the range
160 to 270 MeV/c. In addition, the decay vertex
was required to be inside the decay tank. 28 000

events passed the criteria and were then mea-
sured by a group of scanners. Each event was
measured independently by two scanners.

The procedure for fitting an event to the yy hy-
pothesis is straightforward. Since the K direc-
tion is assumed to be defined by the target and
the decay point, there are only tmo unknowns:
the K energy and the energy of the shower-cham-
ber y ray. The four equations expressing energy
and momentum conservation thus give us tmo con-
straints. These are chosen to be the K mass and
the back-to-back angle (8»), the supplement of
the angle between the two y-ray transverse-mo-
mentum vectors. The E mass is calculated by xe-
quiring the magnitudes of the two y-ray trans-
verse-momentum vectors to be equal. An event
wRS Recepted Rs R yy eRndidRte if e~g wR8 less
than 150 mrad. This is 4.5 standard deviations
from 0 (as determined from the K~ -yy data).
There were 4300 such yy candidates.

Three additional cuts were made on the yy data
in order to remove as much of the R&- m'm' back-
ground as possible. First, the speetxometer y-
ray transverse momentum was required to be
greater than 235 MeV/c. This reduced the sam-
ple to 670 events. Second, events containing
more than one shomer-chamber track mere re-
moved. Finally, an event mas removed if the
shower-chamber y-ray track ended before the
middle of the last module of the chamber. This
cut mas made since the y rays from K'-yy de-
cays have a highex energy spectrum and conse-
quently a longer mean track length than y rays
from K'- m'm' decays. Vfe could safely make
these cuts since we normalized the K~ -yy events
to the K&-yy events seen in the same run.

121 events survived these cuts. The events
mere of three types: K&'- yy, KI, -yy, and K~
—s's'. ' Figures 3(a) and 3(b) show how the data
were plotted to facilitate the separation of the
various decay modes. The data mere split into
two bins: small back-to-back angles (0-80 mrad)
and large back-to-back angles (80-150 mrad).
For each bin a plot was made of the distance of
the decay point from the downstream face of the
regenerator (&Z). The presence of the Ks de-
cays ean be seen in the peaks near the regenera-
tor, while the flat distribution far from the re-
generatox is due to El.-yy decays. The data ln
each of these plots were separated into two &~
bins, the split being made at 35 in. , which is ap-
proximately 3.5 Ks mean decay lengths (2.5 to
6.0 depending on the & momentum). The small-.
8», large-4Z bin should contain mostly E~-yy
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FIG. 3. Data used in the Zs yy analysis. (a) Dis-
tance from the regenerator to the decay point for
events with small sss. (b) The same for events with
large 8ss. (c) 8» distribution for events close to the
regenerator (HZ &35 in. ), and (d) for events far from
the regenerator (D» 35 in. ).

events, while the large-8», small-~Z bin should
contain predominantly K -w'w' events. The anal-
ysis procedure then is to use these two bins to es-
timate the background expected in the small-8»,
small-~~ bin, since this is the bin which should
contain most of the K-yy events.

We found 35.4+6.6 K-m n' events with ~»
&0.08 and mithin 35 in. of the regenerator after
subtracting the estimated number of K~ - yy
events in this region. By using the flat 0» dis-
tribution for yy fits from K& —w'~' decays, a pre-
diction of 40.5+7.6 K&-m m' events was made for
~» &0.08 close to the regenerator. 20+ 4.6 K~
-yy events were found in the bin with ~» &0.08
and with ~~ &35 in. This was used with Monte
Carlo results for relative efficiency versus decay-
point position in the vacuum tank to give a predic-
tion of 22.2+4.9 Kl. -yy events close to the regen-
erator with small 8».

There were 53 events close to the regenerator
with small 8». As shown above, 62.7+S.O mere
expected from the K~ -yy and K~ - n'm' modes.
Thus, —S.7+11.6 mere attributed to the K&-yy
mode. Monte Carlo calculations showed that
83.4% of all Ks -yy decays should have occurred
in this region. Therefore, we have a total of
—11~ 6+13-SKs yy decays. The 28.8~5 7 K
-yy events near the regenerator (all 8») were
used for normalization. This is the sum of the
22.2+ 4.9 events (small &Z, small 8») men-
tioned above, and 6.6 + 3.0 events (small 4 Z,

large 8») obtained in an analogous manner from
the 5.0+ 2.2 Kl, -yy events observed with large
&~ and large 8».

The validity of the branching-ratio calculation
depends on the normalization events actua11y be-
ing K~-yy decays. Figures 3(c) and 3(d) show
the difference betmeen the decays close to the re-
generator (predominantly Ks —s'v') and those far
from the regenerator (presumably K~ -yy). The
0~~ distributions are shown for the two regions.
Note the flat distribution for events close to the
regenerator as opposed to the peaked distribution
for the data far from the regenerator. Monte
Carlo results for KJ.-yy after the regenerator
are shown for comparison.

An approximate value for the branching ratio
(B) can be calculated by making the simplifying
assumptions that the geometric acceptance for
K& -yy is the same as that for KL, -yy and that
incoherent K& regeneration and multiple KL, scat-
tering can be ignored. The following relation can
then be written:

B(K;-yy) lpl'N„B(K —yy) I./X
where p is the regeneration amplitude, L is the
length of the K& decay region (35 in. ), and A~ is
the K~ mean decay length averaged over the K
momentum spectrum (6.61 x10' in. ). It should be
noted that we measured Ip I'= 0.0074+ 0.0005 for
the generator in another segment of this experi-
ment. ' The approximate result is then B(Ks-yy)
=(-1.4+1.7)x10 ', where we use the world aver-
age for B(K~-yy). When We include the effects
due to incoherent regeneration, multiple KI. scat-
tering, and the difference between the Kl. -yy and
K& -yy acceptances, we obtain the final. result,
B(Ks -yy) = (-1.9+ 2.4)x10 '. The probability of
observing the number of events we saw or fewer
is 15% for B(Ks -yy) = 0, 10%%uc for B(Ks -yy) = 0 5.
x10, and 1.5% for B(Ks-yy) =2.2x10 . This
is approximately a factor of 10 below previously
quoted values. ' ' The result assumes no interfer-
ence between Ki —yy and K& -yy. We also con-
sidered the possibility of maximal destructive in-
terference. For this case the probability of ob-
serving the number of events we sam or fewer is
15% for B(Ks-yy) =6.4x10 ', 10%%uc for B(Ks-yy)
.=7 lx10, a.nd 1.5% for B(Ks —yy) =9.8x10 4.

As mentioned previously, we detected approxi-
mately 4000 K~-yy events in our run without a
regenerator in the decay tank. It thus seemed
natural to calculate the branching ratio for K~
-yy. Unfortunately, there was no straightfor-
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ward means of normalization. We calculated the
Kl. -yy branching ratio by using the unlikely nor-
malization to our 120 K~ -m'm' events. The re-
sult is

B(K yy ) = (4.32 + 0.55) x 10 'x
~ ri„/rj,

We have explicitly removed r)00/q, in order to
separate the error due to the uncertainty in
B(K~-n's'). With our measurement, '

I@00/t7, I'

=1.05+0.14, we find B(KI, -yy) =(4.54+0.84)
x10 '. The previous world average for B(KI, -yy)
was (4.91+0.37)x10 '.""Complete details on
both the K&-yy and K&-yy results will be pre-
sented in a forthcoming article.
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We extract K -nucleus scattering lengths from all K -mesonic atom data currently
available. The scattering lengths obtained are shown to be model independent as long
as the E -nucleus optical potential is local.

Using recently reported x-ray transitions in K-
mesonic atoms, ~ 3 there have been made some
phenomenological studiess of the X -nucleus op-
tical potential. The results of the studies may be
summarized as follows: (1) The potential appears
to be local and proportional to the nuclear den-
sity. (2) Because of a large uncertainty in the
strength parameter ($) in the potential, finding
detailed structure in the nuclear density is very
difficult. ' Of technical importance, perturbation
theory is found to be inadequate because of the

large absorption effect. ~'
In this Letter we report Z -nucleus scattering

lengths extracted from all K -mesonic atom data
currently available. In contrast to the K -nucleus
potential, the scattering length will be demon-
strated to be practically free from the uncertain-
ty mentioned in (2) above.

We first determine the best-fit ( for the ob-
served energy level and spread 4E by numerical-
ly integrating the Klein-Gordon equation for Cou-
lomb and strong-interaction potentials. The lat-
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