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the last point shown in Fig. 1, there are nine ra-
dial maxima in the transverse intensity profile.

It is clear from the oscillations in the on-axis
intensity that the central maximum is not trapped
in a stationary transverse mode. The behavior
of this portion of the beam is more characteris-
tic of the periodic focusing predicted for satura-
ble media by the paraxial-ray analysis. This
analysis predicts that for weak oscillations of
the beam radius about its steady-state value,
successive minima in the on-axis intensity should
be separated by'
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where (as/a0)'= 0.273(P/Pc+s*'). Fitting the
central maximum with a Gaussian, for which
this formula is valid, we find z+*=3X10 which
is to be compared with the distance =2~ 10 3 be-
tween the two prominent minima in Fig. 1.

The central peak possesses many of the ob-
served properties of small-scale trapping: It
persists beyond the focus, is very intense, and
contains somewhat more than critical power. To
estimate its size for realistic saturation fields,
we may use either the paraxial-ray theory or the
"exact" stationary profile theory, both of which
yield characteristic transverse radii which scale
as Ez* '. Thus for E~~ = 10' we expect a central
peak of width r*= 5&& 10 or about 0.5 p, for a 1-
mm incident beam. This underestimate of ob-
served filament sizes (-5-10 p) seems endemic
to theories including only saturation of the non-
linear index. ' To the list of other mechanisms

usually invoked to explain this discrepancy we

may add that some of the rings near the center
may be experimentally unresolved or blurred by
other effects, giving an apparent filament size
much larger than that of the central peak.
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The ratio happ of the rate of decay X2 2x to the decay rate K& 2m has been mea-
sured to be happ

=(—2~7) x10

The main interest in t gppi the ratio of the
rate of decay K,'-2m' to the decay rate K,'-2~',
is the extent to which it departs from I g I', the
corresponding ratio for the decay to v+m . Any
difference is a measure of the amount of &T & 2

amplitude present in CP nonconservation. ' A

survey' gives I q+ I' = (3.6+0.2) &&10 '. Recent
measurements'&' of the neutral mode have given'

I goo I'= (18+,")X10 ' and' (24+ 5)&10 ', apparent-
ly demonstrating a difference between I q+ I' and

I
happ

I We report a new m casu re ment with the
result I g« I' = (-2 + 7)x 10
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The general idea of this experiment, similar
to that at CERN, ' is to compare the number of
2m 's originating from K,' decay with the number
from the K, 's produced by regeneration. Under
these circumstances delicate factors such as ab-
solute detection efficiencies cancel out and one
obtains the relative rates from

I' =I (A /L)E(N /N ),00 R 1
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FEG. 1. Plan view of the experimental apparatus. An
elevation view of the counter arrangement is shown in
the insert.

where Ig is the K,' regeneration probability, A,
is the mean decay length of the Ky I- is the
length of the decay volume of the K,', E is the
relative efficiency for detecting the regenerated
and free-decay events, Xp and N~ are the nor-
malized number of free-decay and regenerated
events, respectively. The main problem in the
experiment is distinguishing the relatively rare
2m decay mode from the 3v' mode which occurs
with a branching ratio of 23%.

The experiment was performed at the Prince-
ton-Pennsylvania 3-GeV accelerator. A neutral
beam from the Pt target was defined by collima-
tors and a sweeping magnet at 29' relative to the
circulating protons. The beam was 2.5 in. wide
and 11 in. high at the mean detector distance of
64 ft from the target. To detect the photons
from 7T' decays, six spark chambers were ar-
rayed on each side of the beam as shown in Fig.
1. Each chamber consisted of 11 sheets of 18-in.

& 36-in. & ~-in. stainless steel spaced at inter-
vals of ~ in. and was placed with its normal at
50' with respect to the beam. To detect photon-
generated showers two scintillation counters (18
in. X 18 in. &&~ in. ) were placed following each of
the chambers, one above and one below the me-
dian plane. The counters above and below and to
the right and left of the beam form a quadrant ar-
ray; the six counter outputs in each quadrant were
added together. Photon anticoincidence counters
made of alternate layers of Pb and scintillator
surrounded most of the decay volume not cov-
ered by spark chambers. Charged-particle anti-
coincidence counters (~ in. thick) separated the
decay volume from the spark chambers. To trig-
ger the spark chambers we required s ignals
from any three out of the four banks of shower
counters, an integrated amplitude equivalent to
seven or more particles in all quadrants, and no
accompanying anticoincidence s ignal.

The momentum of the K meson was determined
using its time of flight from the target. The ar-
rival of the proton bunches on the target (-1 nsec
duration) was signaled by a Cherenkov counter
placed 4 ft away. The K meson at the detector
was signaled by the shower counters. The elapsed
time was digitized and displayed. As a check of
internal consistency, two independent timing
measurements were made using the shower de-
tectors on the right and left sides of the beam.
From the spark-chamber photographs the times
were corrected according to the particular count-
er in which the shower first appeared and for the
position of the shower in the counter. The over-
all timing resolution of +1.2 nsec gave a momen-
tum resolution of 5% at 730 MeV/c, the mean
momentum of the detected K's.

All photographs were measured in which four
showers, two on each side of the beam, appeared
to come from a common origin. The angle of
each of the photons and the momentum of the E
permit a two-constraint fit to the K -2~' hypoth-
esis. We transfo rm to the K-meson c.m. system
and assign a v' to the two photons on each side of
the beam, an assignment correct 80% of the
time for valid decays. We characterize the de-
cay by the smaller of the opening angles of the
two pairs of y rays and by the angle between the
possible pion directions.

The distribution of the smaller of the two open-
ing angles, 8~, is sharply peaked at the mini-
mum angle, 1.15 rad. With infinite resolution,
50% of the decays have Os between 1.15 and 1.2
rad and 80% between 1.15 and 1.3 rad. Further-
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more, the opening angles are relatively insensi-
tive to momentum (i.e. , timing) errors.

There are two possible directions in the plane
of the photons for each ~', taking its energy to
be mls/2. On each side that direction was chosen
which was closest to the line of intersection of
the two planes, a unique solution for 2r decay.
If the opening angle was less than 1.15 rad, the
bisector was used as the pion direction. %e de-
fine the collinearity to be the cosine of the angle,
19~„, between the m directions determined sepa-
rately on the two sides.

The regeneration data, obtained by placing a 4-
in. -thick piece of tungsten at five successive po-
sitions in the decay volume, are shown in Fig. 2.
Figure 2(a) gives the distribution in 0, where
the collinearity has been restricted to cos0»(
-0.90. The collinearity distribution for 1.0 & 6
&1.3 is shown in Fig. 2(b). Both distributions
are completely consistent with Monte Carlo simu-
lations when we take into account the diffraction
regeneration. From Fig. 2(a) we obtain, after
background subtraction, 69 + 9 events with 1.0
& 19+ (1.3 rad. The coherent regeneration proba-
bility from tungsten and the total cross section
were measured at the same momentum in the
same beam by observing the regenerated K,'

in a magnetic spectrometer. ' The inco-
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herent regeneration was computed following the
method of Good et al. ' using the coherent data
for input. The coherent and incoherent contribu-
tions (56% and 44%, respectively, after final
data cuts) are combined to give IIt =3.5x10
From the data in Fig. 2, using Eq. (1) with L/A,
=33.6 and E =0.93 and taking into account the rel-
ative monitor counts [(free decay)/regeneration
= 5.23], we expect, after the same cuts, 94 events
in the free decay data if

retool

=25x10
In this experiment 10 600 free-decay events

were measured. Of these 2400 events were re-
tained after a cut with ~~)0.8 rad and cosl9„~&
-0.7. The collinearity distribution for all these
events is shown in Fig. 3(a). We can reasonably
expect (an expectation completely justified by a
detailed Monte Carlo simulation) that this collin-
earity distribution of the 3m' background should
be nearly linear on a semilog plot. There is no
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FIG. 2. Data obtained from a 4-in. -thick tungsten re-
generator placed at five different positions in the de-
cay volume. (a) Distribution of the smaller of the
opening angles of the two pairs of y rays for events
with collinearity cosa„„(-0.90. The dashed line is
the background estimated from the free-decay distribu-
tion. (b) Collinearity distribution for those events with
the smaller opening angle between 1.0 and 1.3 rad.
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FIG. 3. Free decay data. (a) Collxnearxty dxstrlbu
tion of all events with the smaller opening angle of the
two pairs of y rays &0.8 rad. (b) Collinearity distribu-
tion for events with the smaller opening angle e~ be-
tween 1.0 and 1.3 rad. (c) Distribution of the smaller
opening angle for events with cosa „(-0.90. The dots
in (b) and (c) represent the expected background distri-
bution for the K2 3m. events normalized outside the
region of the expected 271. events.
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evidence for an excess of -100 events in those
channels close to cos0~z= —1. The collinearity
distribution in the interval 1.0& 0+&1.3 is shown
in Fig. 3(b) and again there is no obvious peaking
in the early channels. A quantitative evaluation
of the number of 2n' events was done in two ways.
First, the distribution in the interval 1.0&0~
&1.3 was compared with the combined distribu-
tion between 0.9&0&1. 0 and 1.3&0&&1.5 and
normalized in the region of cos0~„& —0.86. The
subtraction yields -5 + 25 events. Secondly, the
distribution in coso~~ in the restricted range 1.0
«~ &1.3 was computed with Monte Carlo tech-
niques using as input the observed distributions
(from all the data) of the opening angle of one
pair of photons and the angle between the bisec-
tors of the two opening angles. The assumption
of no correlation between these parameters is
justified fo r 3~' decay to a high degree. The
pseudo events so generated should faithfully re-
produce the observed cos(9~„and 8+ distributions
if they are 3~, but completely destroy any peak-
ing due to 2v' events. The latter should then be
revealed by subtracting the "pseudo" from the
observed distribution. The background deter-
mined in this way is shown by the dots in Figs.
3(b) and 3(c). The subtraction gives —11+25
events in Fig. 3(b) and —4+ 25 events in Fig. 3(c).
An even more restrictive cut, 1.1 & 0~ & 1.2,
where we expect 50% of the events, gives the
same result. Using %free -7+ 25, we obtain

q„ l' = (-2 + 7) x 10

This result is substantially smaller than those
previously reported. The clear observation of
K, - 27t' originating from regeneration at the ex-
pected rate gives us confidence in the perfor-
mance of the detector. ' The present result is en-
tirely consistent with I poo l l p+
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