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We investigated ~ decay branching ratios I o/I in the weak decay of the A C and z'B hypernu-

clei using the (stopped K,m ) reaction. The branching ratios were estimated to be
0.174+0.057(stat)+0. 008(syst) and 0.140+0.039(stat)+0.025(syst) for the & C and &'8 hypernuclei, re-
spectively. The branching ratios are compared with theoretical calculations and related experimen-
tal values. Importance of distortion of pion wave function was found.

I. INTRODUCTION

As is well known, a free A particle mainly decays in-
to a pair consisting of a nucleon and a pion
(A~p+~, n+ sr ). A bound A particle in a nucleus or
a A particle in a A hypernucleus also decays into a pair
consisting of a nucleon and a pion. This decay process of
the A hypernucleus is the mesonic decay process. The
bound A particle can interact with a neighboring nucleon
and can decay also into a nucleon ( A+N ~N +N). The
process is called the nonmesonic decay process. While
the nonmesonic decay process provides a unique oppor-
tunity to study A-X weak interaction, the existence of in-
ternuclear cascade processes obstruct experimental stud-
ies, and theoretical understanding of the process has not
been established. On the other hand, the mesonic decay
process has been well formulated for the decay of A hy-
pernuclei as well as the free A decay. The formula has
been well established, especially for the mesonic decay
process in very light A hypernuclei, and has been used to
determine the ground-state spins' of hypernuclei. For
heavier A hypernuclei, however, there have been few
theoretical calculations which reproduce experimental
observations. The mesonic decay process in the heavier
A hypernuclei is characterized by a suppression that
comes from the Pauli blocking, because, in the process,
an additional nucleon is created in the nucleus and the
recoil momentum of the nucleon (p~=100 MeV/c) is
smaller than the Fermi momentum of nucleons. Recent-
ly, several theoretical improvements have been made, and
these theories predict that the suppression is sensitive to
the degree of occupation of inner shell-model orbits,

which is difficult to probe by normal nuclear reactions,
and is also sensitive to the pion wave function in the final
state.

Experimentally, the decay process of A hypernuclei
was studied in 1960s with emulsion and bubble-chamber
experiments, where the information on the decay was
limited to few A hypernuclei or an averaged feature over
many A hypernuclei. This came from the difficulty in
selective formation of A hypernuclei and in its unique
identification.

After several successful counter experiments ' on
strangeness-exchange reactions, the first study of the de-
cay process by a counter experiment was reported for the
in-fiight (K,~ ) reaction on ' C and Li targets by
Grace et al. In the experiment the formation of A hy-
pernuclei was uniquely identified by the measurement of
the vr momentum from the in-Aight (K,m. ) reaction.
They extracted the total decay widths for the ~ C, ~'B,
and ~He hypernuclei.

Recently, we investigated the m. decay process of the
~ C and ~ B hypernuclei by a counter experiment utilizing
the K absorption reaction at rest. This is the first direct
measurement of the m decay branching ratios ' of the A
hypernuclei. In this paper we describe the experimental
setup in Sec. II and the procedure to extract the ~ decay
branching ratios in Sec. III. Results of the comparison
with a theoretical calculation will be made in Sec. IV and
discussions in Sec. V.

II. EXPERIMENTAL SETUP

We investigated the ~ decay of the z C and ~ B hyper-
nuclei by a n coincidence measurement in the (stopped
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K, rr ) reaction. The experimental setup was an im-
proved one over the previous experment. The measure-
ment was made at the low-energy kaon beam line' (K3
beam line) of the 12-GeV proton synchrotron (PS) at the
National Laboratory for High Energy Physics (KEK).
Figure 1 shows the configuration of beam-line elements of
the K3 beam line. Kaons of 650 MeV/t. " momentum were
transported to the reaction target (RT) point. For the
measurement of the K absorption reaction at rest, two
graphite degraders (GD1 and GD2), three lucite
Cerenkov counters (LC1 —LC3), two beam defining
counters of plastic scintillator (82 and 83), and two mul-
tiwire proportional chambers (MWPC's) with 1-mm spac-
ing x-y-u planes (BC1 and BC2) were installed in the
beam line. The combination of the kaon momentum of
650 MeV/c and the graphite degrader was optimized for
the stopping kaon yield in the reaction target. The kaon
yield was determined by the competition of an exponen-
tial increase of kaon yield, a decrease of kaon stopping
density, and a decrease of kaon fIux by scattering and re-
action in a graphite degrader with increase of kaon
momentum. The lucite Cerenkov counters were used as
pion vetos. The kaon intensity at the reaction target
point was about 1700' /burst (0.5-sec burst in 2.5 sec)
at a primary 12-GeV proton beam intensity of 1.0X 10'
protons/burst.

i2
Pr

3m

A plastic-scintillator stack was used as the reaction tar-
get. The scintillator stack consisted of 16 layers of plastic
scintillation counters of 3 mm in thickness. The size of
the target was 48 mm in total thickness of 16 layers, 150
mm in height, and 350 mm in width. the target was lo-
cated at the reaction target point, tilted by 60' (see Fig.
1), so that the target was thick along the kaon beam tra-
jectory and thin along the outgoing pion trajectory. The
number of stopping kaons in the target was estimated to
be about 1100 K /burst at a primary proton beam inten-
sity of 1.0 X 10' protons/burst.

As shown in Fig. 2, the identification and momentum
determination of outgoing pions were made with a large-
acceptance magnetic spectrometer (SP), four tracking gas
chambers (PC1, PC2, DC3, and DC4), a time-of-Aight
(TOF) counter, and a range counter stack (RNG). The
spectrometer was a C-type magnet with rectangular poles
operated with a field strength of 11.7 kG, employing vert-
ical focusing by the oblique entry to the homogeneous
field. The typical solid angle of the spectrometer was 80
msr over the momemtum range from 130 to 280 MeV/c.
Two of the tracking gas chambers (PC1 and PC2) were
two-dimensional cathode-readout chambers. For the oth-
er two gas chambers (DC3 and DC4), the y coordinate
was measured from drift time in a 32-mm drift cell, and
the x coordinate was measured by cathode readout. The
typical position resolutions of the tracking gas chambers
were 320 and 700 pm [full width at half maximum
(FWHM)] for the cathode readout and drift chambers,
respectively. The time-of-Aight counter was a plastic-
scintillation counter of 4 cm in thickness. The range
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FIG. 1. Configuration of the low-momentum kaon beam 1ine

(K3) at KEK 12-GeV PS. The beam line consists of a produc-
tion target (PT), elements for beam transport (Dl, D2, and

Q1 —Q8) and a velocity filter (VF, 2-m-long dc mass separator).
The distance from the production target to the reaction target
{RT) is 15.3 m. To stop kaons in the reaction target, graphite
degraders (GD1 and GD2) were installed in the beam line. In
the beam line, three lucite Cerenkov counters (LC1—LC3), two
defining scintillation counters (B2 and B3), and two tracking
MWPC's were also installed.

FIG. 2. Schematic view of the experimental setup. The
momentum of the outgoing pions is analyzed by the magnetic
spectrometer (SP}and tracking wire chambers (PC1, PC2, DC1,
and DC2). The pions are discriminated from contaminant nega-
tive muons and electrons by the time-of-Aight {TOF) and range
(RNG) counters. The reaction target (RT) is surrounded by
NaI(Tl) scintillation counters to detect decay particles.
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counter stack consisted of 85 modules of plastic-
scintillation counter of 2 cm in thickness. Contaminant
muons, which came from in-Aight decay of pions and
kaons, were rejected by using the information from the
range counter stack with a rejection efficiency of 95%.
The pion momentum was evaluated by an integration of
the equation of motion employing the result of magnetic-
field mapping. The intrinsic momentum resolution of the
spectrometer system was about 1.8 MeV/c (FWHM) at
around 260 MeV/c.

Since the energy loss of outgoing pions in the reaction
target was not negligible in determining the momentum
of the pions to good precision, the reaction point in the
target was determined from the kaon and pion trajec-
tories reconstructed from hit positions at four tracking
chambers (BC1, BC2, PC1, and PC2). The pion momen-
tum measured with the spectrometer system was correct-
ed for the energy loss of the pion calculated from the out-
going pion path in the target. The overall momentum
resolution of outgoing pions was about 3.8 MeV/c
(FWHM) at 236 MeV/c. The contribution from the am-
biguity of reaction point determination to the momentum
resolution was about 2.6 MeV/c. Another major contri-
bution to the momentum resolution came from energy-
loss straggling of outgoing pions.

To detect decay products of hypernuclei, the reaction
target was surrounded by 176 modules of NaI(T1)
counters. The size of each NaI(T1) module was 65
mm X 65 mm X 300 mm. The NaI(T1) counters covered a
solid angle of about 50%%uo of 4Ir sr. In front of the NaI(T1)
counters, plastic-scintillation counters of 4 mm in thick-
ness were placed as AE counters. They served also as
counters to discriminate between a charged particle and
neutral particle. The energy calibration of the NaI(T1)
counters was made with gamma rays from a Y gamma-
ray source and with monochromatic muons (p =236

P
MeV/c) from the K„2 decay of a K particle
(K+~p++v decay) at rest. The typical energy resolu-
tion for the 236-MeV/c muons was 14% (FWHM).

The trigger condition (TRIG) of the data acquisition
was as follows:

I I I I I I I I I I I I I I I I

C Stopped K,vr

800
18pc~= g $M~v

I = ~Bg. +p

ing energy is 11.1 MeV), and the peak at 261.1 MeV/c is
assigned to the cluster of excited states at around 11 MeV
excitation energy with a (pA, p„) configuration (A bind-
ing energy is 0.1 MeV). The ground state of A C decays
with the mesonic and nonmesonic weak decay modes.
The 11-MeV excited states of ~C decay with proton
emission to the ground state of the ~ B hypernucleus, "
which, then, decays with the mesonic and nonmesonic
weak decay modes. So these peaks are related to the
weak decays of the ground states in z C and z'B hypernu-
clei, respectively.

To investigate the ~ decay process of the hypernuclei,
coincidence events were selected. In the

identification, two gamma rays from m decay were
detected with the NaI(T1) counters, and calculations of
the invariant mass were made from the momenta of the
gamma rays. In the detection of the gamma rays,
charged particles were vetoed by the AE plastic scintilla-
tion counters in front of the NaI(T1) detectors, and slow
neutrons were excluded using the time of Aight between
the target and the NaI(T1) detectors. Figure 4 shows a
spectrum of the invariant mass in the (stopped K, Ir )

reaction. For the invariant-mass spectrum, the
momentum region from 220 to 280 MeV/c was selected.
The selected region corresponds to the momentum region
of the quasifree A formation process and of the formation
process of hypernuclei. The solid line in the figure indi-
cates an expected shape of the invariant-mass spectrum
estimated by a Monte Carlo simulation (the momentum
of vr was assumed to be 100 MeV/c). The invariant-mass
spectrum obtained from the experimental data was in
good agreement with the simulation above 60 MeV.

TRIC".=B2XB3X LC1XLC2X LC3 X RT1XPC2

XTQF,

where RT1 indicated a particle hit in the first layer of the
scintillator target stack. The typical trigger rate under
the trigger condition was 10 events/burst. The total run
time for measurement was 284 h and the total number of
stopped kaons in the target was 6.17X 10 kaons.

III. ANALYSES
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Figure 3 shows a pion momentum spectrum from the
(stopped K,~ ) reaction on a carbon target [plastic
scintillator (CH)„]. In the spectrum two clear peaks are
observed at the pion momenta of 273.1+0.2 and
261.1+0.2 MeV/c. These peaks correspond to the forma-
tion of the well-known states in the ~C hypernucleus.
The peak at 273.1 MeV/c is identified as the ground state
of A C with a (sA,p„') shell-model configuration (A bind-

n Momentum (Mev/c)

FIG. 3. Momentum spectrum of negative pions from the
kaon absorption reaction at rest. Two pronounced peaks are
observed at pion momenta of 273.1 and 261.1 MeV/c, which
correspond to the formation of the ground and 11-MeV excited
states in the z C hypernucleus, respectively. The solid curves in
the figure show the results of the peak fitting.
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FIG. 4. Spectrum of the invariant mass of two gamma rays
detected by the NaI(T1) counters in the (stopped E,~ ) reac-
tion. The ~ momentum region from 220 to 280 MeV/c was
selected to see the invariant-mass spectrum of m. particles com-
ing from the decay of A particles created in the quasifree A for-
mation process and from the decay of hypernuclei. The solid
line shows the result of a Monte Carlo simulation.

Therefore, when the calculated invariant mass was
greater than 60 MeV, the event was identified to be a m

coincident event.
Figure 5 shows the ~ momentum spectrum for the ~

coincidence events. The peak at 273.1 MeV/c, which
corresponds to the z C ground state, is observed in the ~
coincident spectrum, but the peak at 261.1 MeV/c, which
corresponds to the 11-MeV excited states, is less clear.
From the ~ coincidence spectrum, we estimated the m.

decay branching ratio for the z C decay and, at this stage,
an upper limit of the branching ratio for the z'B decay.
Peak counts were estimated for the 273.1- and 261.1-
MeV/c peaks in Figs. 3 and 5 by a peak fitting. In the
peak fitting, a Gaussian function was employed as the
peak shape, and common parameters of the peak width
and position were used for both spectra. As a shape of
the underlying background, a polynomial function was
used. The results of the peak fitting are shown with solid
curves in Figs. 3 and 5.

To determine the m decay branching ratios, an estima-
tion of the n detection efficiency of the Nal(TI) detector
system was necessary. Estimation of the m detection
efficiency was made by a Monte Carlo simulation pro-
gram using the computer code EGS4. In the estimation an
isotropic distribution of the outgoing m- was assumed,
and a realistic distribution of the reaction points in the
target was used. The conversion process of a gamma ray
to an electron-positron pair in the target was also con-
sidered. The estimated detection efficiency is about 20%,
as shown in Fig. 6 (solid curve).

The estimated ~ detection efficiency was checked by
experimental data of the IC z decay (IC+~ir++ir de-
cay) at rest (p, =205 MeV/c), since we accumulated

FIG. 5. Momentum spectrum of the (stopped K,m ) reac-
tion in coincidence with a n particle. The solid curves shows
the result of the peak fitting.
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FIG. 6. vr detection efficiency in the invariant-mass-cut
analysis. The efFiciency was estimated with a Monte Carlo
simulation (solid curve). The m detection efficiency determined
experimentally from the data of K„2 decay of K+ particles is
shown by a solid circle.

data on the K+ decay at rest under the same experimen-
tal condition only by changing the polarity of the beam-
line magnets. A small correction was needed for contri-
butions of ~ particles from decay modes other than K„z.
The ~ detection efficiency obtained from the E 2 decay
data is shown in the Fig. 6 (solid circle). The experimen-
tally extracted m detection efficiency is in good agree-
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ment with the calculated efficiency.
The m decay branching ratios of the ground states in

the AC and ~ B hypernuclei were calculated from the
peak counts and the estimated detection efficiency.
Though the momenta of m particles from the hypernu-
clear decays may have a distribution of about 10 MeV/c
in width, the momenta of ~ particles were approximated
to 123.7 and 114.3 MeV/c for the AC and z'B decay, re-
spectively. The error of the detection efficiency from the
approximation was estimated to be less than 4%. The re-
sults of the calculation of the branching ratios are listed
in Table I (labeled "TAG1 POLY"). In the table the first
errors of the branching ratios are statistical ones. The
second errors are systematic ones coming from the ~
detection efficiency calculation and the approximation of
the a momenta. The systematic error in the detection
efficiency calculation was estimated from the stability of
the efficiency against the change of parameters used in
the Monte Carlo simulation, e.g. , energy lower limits of
particles and tracking step sizes. The statistical error in
the Monte Carlo simulation was a minor contribution.

In the above analysis, unfortunately, a finite branching
ratio was not extracted for the A B decay. The reason for
this came partly from the poor statistics of the m coin-
cidence spectrum. To get a better statistics, we made
another analysis, in which a m particle was identified by
a detection of a gamma ray with energy larger than SO
MeV. In the (stopped E,ir ) reaction in the
momentum region of interest, the decay of ~ particles is
the primary source of energetic gamma rays, and there is
no significant background of energetic gamma rays. A
merit of the analysis is that it achieves a detection
efficiency about 3 times larger than that of the m decay
analysis by the invariant-mass calculation. A possible
background in the analysis may be a misidentification of
a neutron as a gamma ray. To avoid the misiden-
tification, a size larger than one NaI(T1) module (6.5
cm X 6. 5 cm) was required as a transverse size of the elec-
tromagnetic cascade by a gamma ray.

Figure 7 shows the ~ momentum spectrum in coin-
cidence with gamma rays with energies larger than 50
MeV. In the figure we see the formation peak of the ~ C
and ~B hypernuclei. Results of a peak fitting of the
273.1- and 261.1-MeV/c peaks are shown in Fig. 7 with
solid curves. The detection efficiency of gamma rays with
energies larger than 50 MeV from a m decay was es-
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timated by the Monte Carlo simulation and is shown in
Fig. 8. The ~ decay branching ratios obtained in this
analysis are listed in Table I (labeled "TAG2 POLY").
The estimated ~ branching ratio of the A C decay can be
compared with the result of the previous analysis. The
two branching ratios of the AC decay ("TAGl POLY"
and "TAG2 POLY" ) agree with each other within the er-
ror.

In the above discussion, we estimated systematic errors
of the branching ratios only from the detection efficiency
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FIG. 7. ~ momentum spectrum in coincidence with a gam-
ma ray with an energy larger than 50 MeV. The solid curves in
the figure are the results of the peak fitting.

TABLE I. Branching ratios of ~ decay for the &C and A'B

hypernuclei. Two types of m event selections or taggings were
made (TAG1 and TAG2), and two types of fitting functions
were used (POLY and SQRT). The first error corresponds to a
statistical error, and the second one corresponds to a systemati-
cal one.
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FIG. 8. Detection eKciency of a gamma ray with an energy
larger than 50 MeV from a ~ particle decay.



A. SAKAGUCHI et al. 43

calculation. There may be another systematic error from
the peak fitting, especially for the ~ B decay branching ra-
tio. Since the ~ momentum of the peak of the 11-MeV
excited state in the z C hypernucleus is near the thres-
hold momentum of the quasifree A formation process
(E +neer +A process), the polynomial background
shape used in the peak fitting may be inadequate. So we
made another peak fitting with a different background
shape. In the peak fitting, the threshold nature is simu-
lated with a square-root function, and we defined a back-
ground shape as follows:

~1~(po P)+ ~2(J o P)+ ~3

f(J o l )=— J g(l o I +e)—

(q —p)'
X exp —

z dq,2'
'Ao P (P +Po)

gpo 5'= 0 (l —Po»

where po is the threshold momentum of the quasifree
process (po=260. 9 MeV/c). cr is a width parameter of
the Gaussian function used as the peak shape which
characterized the momentum resolution of the magnetic
spectrometer system. Since the square-root function
changes rapidly near the threshold momentum po, the
smearing by momentum resolution is needed (integration
in the above equations). In the above background shape,
we still include a background, which shape is linear with
momentum, to simulate contributions from in-Aight kaon
decays and in-Aight reactions. The result of the peak
fitting with the new background shape is shown in Fig. 9
with solid curves. An estimated ~ branching ratio of the

z'B weak decay is listed in the Table I (labeled "TAG2
SQRT").

There is an obvious difference between the a decay
branching ratios of the ~ B hypernucleus estimated by the
peak fitting procedures with different background shapes.
We consider that the branching ratios for the ~ B decay
estimated from the above analyses are an upper and a
lower bounds of the branching ratio (the adequacy of this
assumption will be mentioned in Sec. V), respectively,
and take the difference of the branching ratios to be an
additional systematic error which comes from the ambi-
guity in the peak fitting procedure. So we obtained the
following averaged m decay branching ratio for the ~ B
decay:

I,/I =0. 140+0.039(stat)+0. 025(syst) .

For the & C decay, since the shape of the background in
the ~ momentum spectrum is expected to change
smoothly with pion momentum, the systematic error
coming from the ambiguity of the peak fitting is much
less than that in the analysis of the z'B decay.

IV. RESULTS

In the following we will compare the experimental re-
sult obtained in the present experiment with theoretical
predictions. To compare the measured ~ decay branch-
ing ratios I 0/I with theoretical ~ partial decay widths

I o, we need the total decay widths I . We adapted the
total width values obtained from a lifetime measurement
by Grace et al. , who reported I =(1.25+0. 18)I A for

~ C and I = (1.37+0. 16)1 z for A'B hypernuclei. We
then obtained the ~ partial decay widths for z C and z'8
hypernuclei, and the results are listed in Table II. The ~
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FIG. 9. Result of peak fitting with a square-root-shaped background function.
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TABLE II. Experimental and theoretical mesonic decay widths.

Hypernucleus
and decay mode Present

(0.217+0.073+0.011)I

Experiments
Barnes and Szymanski (Ref. 6) Montwill et al.

(0.051+0.045)r,

Theory (Ref. 3)'
Free MSU WHIS

0.078I 0.169I 0.126I
0.0581 0.134I 0.107I

(0.192+0.056+0.034)I ~ 0.0631 0.140I 0.104I
(0.218+0.046)I 0.134I 0.294I 0.2231"

'The lower spin state of the spin doublet was assumed to be the ground state.
Estimated from Q =I „ /I in Ref. 12.

decay widths estimated from our data are about 60% and
50%%uo of the ~ decay width of the free A particle for the
~ C and ~ B hypernuclei, respectively. If we take into ac-
count the enhancement factor N + 1 from antisymmetri-
zation, ' where X is the neutron number of the hypernu-
clei and is 3 for the p3/p shell-model orbit, the decay
widths correspond to a suppression to about 15% of the

decay width of the free A particle.
Recently, a realistic shell-model calculation for the

mesonic decay widths of the hypernuclei with mass num-
bers from a =7 to 15 was made by Motoba, Itonaga, and
Bando. In the calculation they used three different types
of pion wave function in the final state, and they reported
a large dependence of the calculated mesonic decay
widths on the pion wave functions to be used. Interpreta-
tion is as follows. The pion-nucleus interaction changes
the local momentum of pions and brings a component of
the wave function with higher momentum transfer than
that without the pion-nucleus interaction. The com-
ponent with the larger momentum transfer is relatively
free from the Pauli blocking of the nucleon and contrib-
utes to the decay process. So the degree of the distortion
of the pion wave function affects the mesonic decay
width. The predictions of the theoretical calculation of
Motoba, Itonaga, and Bando are also listed in Table II
for comparison. Since the lambda particle has the spin, it
forms a low-lying spin doublet with a core nuclear spin,
and the theoretical decay widths depend on the ground-
state spin. In the following we will assume that the lower
spin state of the spin doublet is the ground state.

From Table II it is seen that the ~ decay widths are
near the theoretical prediction referred as MSU (Michi-
gan State University), for which the calculation is made
with the optical potential parameters of the MSU group
in the pion wave-function calculation. The MSU optical
potential has a strong imaginary part and a strong distor-
tion. Furthermore, the theoretical prediction with the
free pion wave function has the largest deviation from the
experimental width. The result seems to show that the
distortion of the pion wave function is considerably large
in the nucleus and enhances the mesonic decay width.

Motoba, Itonaga, and Bando also pointed out that the
ratios of the ~ and ~ decay widths, I o/I, and the
ratios of the mesonic decay widths of different hypernu-
clei were relatively stable under the change of the pion
wave functions. Experimental ratios of the mesonic de-
cay widths are listed in Table III with the theoretical

model prediction. In the table the experimental ratio
I o(A C)/I o(A'B) obtained from the present data is in

good agreement with the theoretical prediction.
Next, we will see the I /I o ratio. The ~ decay

width for the ~ C was estimated by Barnes and Szyman-
ski and is listed in Table II. Another measurement on
the ~ decay process was made in the emulsion counter
experiment' for the &'B hypernucleus. The ratio
Q =I NM/I =4.8+1.1 was reported by the experi-

ment, and so we can estimate the m decay width I by
the following assumptions and the total decay width I
from Ref. 6:

r (,"c)/r (,"B)=o.24+; p,

TABLE III. Experimental ratios of the mesonic decay widths
and theoretical predictions.

Ratio

r,(,C)/r, (, B)

Experiment

1 13—o.43+0 21

Theory (Ref. 3)

1.22+0.02

r /r, 12C

1.1 3+o 30+0.22
0.79+0.05
2.13+0.01

where I NM is the nonmesonic decay widths. Theoretical-
ly, the first equation is a result of the AI =

—,
' enhancement

in the strange particle decay and the similarity of the nu-
clear structures in daughter nuclei. The second equation
is a definition of the nonmesonic decay width. The result
of the estimation is listed in Table II. From these ~ de-
cay widths and our m decay widths, the experimental
I /I o ratios in the ~ C and ~ 8 decays were estimated

and are listed in Table III. For the I /I o ratio in the

~ C decay, the experimental ratio is much lower than the
theoretical prediction and has a large error which mainly
comes from the error in the experimental ~ decay
width. A possible explanation of the smaller experimen-
tal I /I 0 ratio is that the experimental ~ decay
width is too small. When we estimate the ratio
I (AC)/I (AB) from the experimental data, we ob-

tain
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while the theory predicts

r (,"c)/r (,"8)=o.46+o.o2 .

This result is consistent with the explanation that the ex-
perimental m decay width of the ~ C is too small.

For the I /I, ratio in the A 8 decay, the experimen-

tal ratio is about a half of the theoretical value. The
theoretical I /I o ratio in the ~8 decay is considered
to be quite stable, becau. se the ratio is essentially the ratio
of squared Clebsch-Gordan coeKcients of the isospin
from the AI= —,

' rule. The deviation of the experimental
I /I 0 ratio from the theoretical one means an incon-

sistency between the experimental ~ and ~ decay
widths. So for further systematic study of the mesonic
decay process in A =10—20 hypernuclei, we need more
data on the m. decay process as well as more m decay
data.

V. DISCUSSION

Although the experimental ~ decay widths are close
to the theoretical decay widths calculated with the MSU
pion optical potential, the experimental widths are still
larger than the theoretical widths. The nuclear wave
functions of Cohen and Kurath which are used in the
theoretical calculation take into account residual interac-
tions between p-shell particles and holes, but assume a
fully occupied s-shell orbit. Possible s-shell vacancies in
realistic nuclear wave functions may account for the
larger experimental decay widths. An enhancement fac-
tor of 1.3—1.4 is large enough to account for the larger
widths. Theoretically, the enhancement factor of the
mesonic decay coming from the short-range correlation
was estimated to be 1.6 for the z C hypernucleus. Since
the enhancement is expected to be significant for the hy-
pernuclei with shell-closed core nuclei, the enhancement
factor for the ~ C and ~ B hypernuclei is expected to be
less than 1.6.

In the estimation of the ~ decay branching ratio of the
z'8 hypernucleus, the ambiguity of the background shape
causes the largest systematic error. Though the square-
root background shape seems to be physically more
reasonable than the background shape of the polynomial
function, because the square-root shape reAects the
phase-space factor near the threshold of the quasifree
process, it is too simple in two points. The first point is
that the threshold which we have mentioned is the
threshold of the K +' C~m +A+ "C, reaction in
which the "C nucleus stays in the ground state. There
are other reactions in which the "C nucleus stays in ex-
cited states and continuum states, i.e., the E
+ ' C~n +A+ "C reaction. These reactions have
lower threshold momenta than that in the
L + ' C~m +A+ "C, reaction. So a sum of many

square-root functions should be used instead of the single
square-root function as the background shape. The sum
of the square-root functions with the smearing of momen-
turn resolution is not so steep around the threshold ener-
gy compared with the single square-root function and is
near the polynomial function. The second point is that
bound states with "C'+A(os) configuration and many
broad resonance states may exist at around the threshold.
By taking into account the finite momentum resolution,
contributions of these states in the ~ momentum spec-
trum make the spectrum shape smoother at around the
threshold momentum.

On the other hand, the background shape of the poly-
nomial function does not take into account the threshold
nature explicitly. So the polynomial function back-
ground shape may be too smooth. From the above con-
siderations, a realistic background shape seems to exist
between the single square-root function and the polyno-
mial function background shapes. This is the reason for
assuming that the branching ratios estimated by the two-
peak fitting procedures are the upper and lower bounds
of the branching ratio in the Sec. III.

In counter experiments for the study of the decay pro-
cesses of hypernuclei, the detection of decay ~ particles
is relatively easy compared with a charged-particle detec-
tion. This comes partly from a longer stopping range of
photons from the m decay and partly from the use of a
thicker target in the counter experiments. For charged-
particle detection, the acceptance of the detector system
depends largely on the energy threshold in the detection
and on particle momenta, ~hereas the acceptance of the

detection system has nonzero values down to zero m

momentum. Although the detection of photons
(E~= 100 MeV) requires a large volume of scintillator,
we may expect less biased data from the ~ measure-
ments. The counter measurement of the decay processes
of hypernuclei has just started. ~ detection should be
one of the powerful ways of probing the decay processes.
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