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A measurement is reported of the mean lifetime, ~, for the weak decay of A C and A'B hypernu-
clei. The experiment detected energetic protons from the hypernuclear nonmesonic decay
A+ p n +p, in coincidence with hypernuclear production by the strangeness-changing reactions
'2C (K, vr )A2C and '2C (K, vr )p, A B. The measured ground-state decay lifetimes
r („"C)= (2.11 + 0.31)x 10 '0 sec and r (~ B) = (1.92 + 0.22) && 10 '0 sec are compared with AN
weak-interaction calculations.

PACS numbers: 21.80.+a, 13.75.Ev, 14.20.Jn, 21.30.+y

A lambda hyperon bound to a nucleus will decay
with a lifetime typical of weak processes ( —10
sec). This is long compared to the normal strong and
electromagnetic (strangeness-conserving) nuclear de-
cay processes so that one generally expects the
strangeness-changing decay process to occur for a A in
the lowest (1S) nuclear shell-model orbital. This weak
interaction is characterized by a total decay rate which
equals the sum of four partial rates:

Here the four respective decay branches and decay
rates are the mesonic decays giving vr

A p+w, Q =38 MeV —(BA —Bv),

and ~',
A n +ma, Q =41 MeV —(BA —B„);

and the nonmesonic decays giving a proton,

A+p n +p, Q = 177 MeV —(BA+Bv),

and only neutrons,

A+n n+n, Q = 176 MeV —( B~ +B),
where Bb is the binding energy for baryon b.

The mesonic decay branches are analogous to the
decay of a free lambda. The nonmesonic decays, on
the other hand, are more closely related to NW parity-
nonconserving forces. This relationship is clearly
demonstrated when one views these interactions as
taking place by the exchange of a single meson from a
weak vertex (Fig. 1). A measurement of these non
mesonic decay rates is the primary objective of the ex-
periment described below. We report here the mea-
surement of the mean lifetime, v, which is dominated
by V„

The ratio of the mesonic and nonmesonic rates is
expected to vary as a function of hypernuclear mass.
For the very light hypernuclei (A = 3, 4) the mesonic
decay modes are favored, while for heavier hypernu-
clei, the nonmesonic rates dominate. The reasons for
this trend are threefold': (1) The increased binding of
the lambda in heavier hypernuclei sharply restricts the

1985 The American Physical Society 1055



VOLUME 55, NUMBER 10 PHYSICAL REVIEW LETTERS 2 SEPTEMBER 1985

Weak
N

40

N, N parity violation Nonrn e sonic decay

FIG. 1. Comparison of NN parity-nonconserving
("violating" ) interaction and the AX nonmesonic decay
process, assuming the interaction takes place via single
meson exchange.
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phase space available to the mesonic decays. (2) The
heavier nuclei have fewer available states for the slow-
ly recoiling nucleon from the mesonic decay (Pauli
blocking). (3) The increasing nuclear density of the
heavier hypernuciei increases the overlap of the
lambda-nucleon wave functions hence enhancing the
nonmesonic rate.

Recent theoretical work has focused on the non-
mesonic rates in infinite nuclear matter and in finite
nuclei. Lifetime measurements exist' for hypernuclei
in the region A = 3—5 and, as well, for A = 16 where a
total of only 22 events above background were ob-
served. A high-precision lifetime measurement in the
region where the nonmesonic modes are expected to
dominate is needed in order to test these calculations.

We report here an experiment to measure, for the
first time, the lifetime of z C, which was performed at
the LESBI beam line9 ' at the Brookhaven alternat-
ing-gradient synchrotron (AGS). An 800-MeV/c kaon
beam was incident on a 4-gm/cm2-thick target of scin-
tillator material (CH). The strangeness-changing reac-
tion K +' C &C+m was used for hypernuclear
formation and tagging. Detection and momentum
analysis of the m emitted at 6 relative to the K
beam direction permitted generation of the z C mass
spectrum (see Fig. 2) and thus provided a tag for ~t2C

hypernuclear production. The choice of A C as a hy-
pernuclear system for study was motivated by a previ-
ous measurement" which reported that the non-
mesonic rate is a factor of 5 larger than the vr meson-
ic rate [I „ /I (m ) = 5] and thus dominates the
weak decay process.

The charged decay products of the tagged hypernu-
clei were detected in a scintillator range spectrometer,
shown in Fig. 3, which was positioned directly belo~
the hypernuclear production target. It consisted of fif-
teen slabs of scintillator material, and a multiwire pro-
portional chamber with two pairs of orthogonal planes.
The first two scintillators, which were positioned on
opposite faces of the wire chamber, were high-quality
timing counters used in the time measurement of the
decay process. The next twelve elements were used in
the energy measurement. The last counter was used
to veto particles that passed through the range spec-
trometer, which encompassed a solid angle of about
5Q = 1.5 sr.

In the z C mass spectrum, three hypernuclear states
were observed in coincidence with energetic protons
from nonmesonic decay: the hypernuclear ground state
and two excited states (Fig. 2). Note that the excited
hypernuclear states are not bound and may decay
strongly by nucleon emission to a lighter hypernucleus
or by free-lambda emission. However, because the
low-energy proton (5 MeV) from the free-lambda de-
cay is below our detection threshold of 30 MeV, free-
lambda decay does not contribute to the mass spec-
trum. Since these energetic protons were detected in
coincidence with the production of an unbound hyper-
nuclear state, this state must ultimately have decayed
to a stable hypernucleus.

The following is a discussion of the three hypernu-
clear states observed in this experiment. The ground
state of the nucleus A C (region 1 in Fig. 2), which has
been observed in angular distribution studies of the
'2C(K, 7r) reaction, " is interpreted as the particle-hole
shell-model configuration [s (A), p '(n) ], and is
bound by about 11 MeV. The first excited state (re-
gion 2 in Fig. 2) has the configuration" [p (A),
p '(n)], and is 3 MeV above the A'B+p breakup
threshold. This state has been observed to decay
strongly' to z'B pius a low-energy proton. Therefore,
hypernuclear decays detected in coincidence with this
state are associated with ~t B (and not A C) plus a low-
energy proton that stops in the target. The third state
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FIG. 3. Schematic view of the range spectrometer used in

the hypernuclear lifetime measurement. The pion magnetic
spectrometer is out of the figure to the right.
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FIG. 2. The A'C hypernuclear excitation-energy spectrum
with experimental cuts shown for each of the three states
discussed in the text.
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(region 3 in Fig. 2) is unbound by 10 MeV, and is ten-
tatively identified' as having the shell-model config-
uration [s(A), s '(n)] which is expected to occur at
an excitation energy of about 20 Mev and to be about
9—10 MeV wide. Although the exact mode of the
strong breakup of this state is unknown, the detection
here of energetic protons associated with this state
establishes that this breakup produces a stable hyper-
nucleus.

The lifetime was measured by determining the hy-
pernuclear production time (t~) and the hypernuclear
decay time (td) for each event, and calculating the
difference (td —t~). The product time was obtained
from the redundant pair of scintillators (ST1,ST2) in
the beam corrected for the flight time of the beam par-
ticle from the scintillator to the target. The decay time
was determined by the first two scintillators (SL1,SL2)
in the range spectrometer plus a correction for the
flight time of the decay proton from the target to the
respective scintillator. The energy of the proton and
the angle of the proton's trajectory, measured with the
range spectrometer, were used to compute the flight-
time corrections. Identification of protons in the range
spectrometer was accomplished by use of both the
measured range and the energy-loss information. We
estimate that less than 2% of our proton sample is con-
taminated by misidentified pions.

An important component of this measurement was
the use of the reaction m + ' C ~ L+p to provide a
monitor for the prompt-time resolution shape, R (t).
Since the beam contained roughly ten pions for each
kaon we were able to collect these events simultane-
ously with the hypernuclear-decay events. The prompt
spectrum obtained in this measurement was Gaussian
in shape with o-=140 psec. This resolution includes
contributions from the flight-time corrections as well
as the intrinsic resolution of the counters.

The protons from the hypernuclear decay are distri-
buted in time according to the probability distribution

P(t) = (1/r)e

The combination of two beam scintillators
(ST1,ST2) with two scintillators (SL1,SL2) in the
range spectrometer can produce four time-of-flight
distributions. These distributions are not independent
since each one contains the same sample of decay
events. They differ only with respect to fluctuations in
the instrumentation response. However, these four
distributions provide a consistency check. That is,
they all give the same result within the statistical errors
of the analysis.

Figure 4 shows the measured prompt distribution,
R (t), and one of the four distributions, S(t), ob-
tained for the first excited state. The prompt distribu-
tion contains 877 events and the lifetime distribution
S(t) contains 221 events.

The lifetime was determined for each of the four
distributions for each state by fitting the data with the
function S (t) defined above. The fitting procedure
used here was the usual X method of maximum likeli-
hood but employed Poisson statistics and gave
X~/v=0. 63 for v degrees of freedom. This method
has been shown to yield improved results for fitting
nuclear lifetimes. '

A final value for the lifetime for each state was ob-
tained by a weighted average of the four values for
each state. The results of the analysis are summarized
in Table I. The errors quoted in Table I are statistical.
Note that since the four distributions are not indepen-
dent the errors are not related to the errors associated
with the individual measurements in the usual way.
Systematic errors can arise as a result of differences in
the energy or angular distributions of the protons from
the hypernuclear decay and those from the prompt
reaction. The measured proton energy distributions
are quite similar. This result, coupled with the ab-
sence of a detectable correlation between the mea-
sured distributions for S (t) and for R (t) with respect
to the proton energy and angle distributions, strongly
supports the conclusion that the systematic errors as-

where ~ is the hypernuclear lifetime, and P(t) is the
instantaneous rate. The actual measured time distri-
bution S(t) is a convolution of P(t) with the experi-
mental resolution function R (t):

S (t) = (1/&)JtR (u)P (t —u)du.
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Notice that the first moments, M~, of the 5, R, and P
distributions are related by Mt(S) =Mt(R) +Mt(P)
such that the lifetime, ~ =Mt(P), can be simply ex-
pressed as the mean shift of S (t) with respect to R (t),
7 =Mt(S) —Mt(R). A measurement of a lifetime on
the same order as a- by the mean-shift method is pos-
sible with an error of about +10% for 200 decay
events.

I 000 500 0 500 F000
Time (psec)

F1G. 4. The time distribution, S(t), obtained from the
decay of the AC first excited state (region 2, Fig. 2) com-
pared to the prompt-timing distribution, R (t), obtained
from the reaction m-+' C X+p.
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TABLE I. Results of the hypernuclear lifetime analysis. Values are listed for the life-
time (r), the errors (o.), and the number of counts (N) in each distribution, for each of
the three regions of Fig. 2 discussed in the text. All times are given in picoseconds.

Counters

12C (0) ,"B(0)

ST1,SL1
ST1,SL2
ST2,SL1
ST2,SL2

220
221
209
189

31
37
31
39

109
83

105
80

1&7
190
190
201

24
22
24
24

231
174
221
167

185
264
192
280

30
67
31
65

97
66
95
67

Average 211 + 31 192+ 22 201+ 30

sociated with this measurement are small in compar-
ison with statistical errors.

The final lifetime results (the last row of Table I)
can be converted to decay rates and expressed as a ra-
tio to the free-lambda decay rate, I A

= 3.80 x 10
sec ', as follows: state 1,

I (,"C)/I, =1.25+ 0.18;

state 2,

I ("B)/I = 1.37 + 0.16;

state 3,

I (gz)/I A =1.31+0.20,

where AZ represents the unknown final hypernucleus
associated with state 3. To the extent that these total
rates are dominated by the nonmesonic process they
can be compared with the calculated nonmesonic decay
rates for infinite nuclear matter obtained by McKellar
and Gibson (I „ /I A =0.5 to 2.0), and for the hyper-
nulceus A C(0) obtained by Heddle and co-workers3 4

(I'„ /I „=2.25) in a hybrid quark model. Bando and
Tahaki6 obtain a total rate I (a C)/I „=1.13, in a
density-dependent Hartree-Fock calculation of the
mesonic decay of A C with a Skyrme-type AX effective
interaction. Salcedo and Oset obtain, for nuclear
matter, I „ /I „=3. These calculations are sensitive
to the effective weak Hamiltonian and generally have
been constrained to satisfy the b,I = —,
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