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We have measured lifetimes of hypernuclei over a broad mass range explicitly identifying
A hypernuclear production in ther ™, K*) reaction. The obtained results ar€’C) = 231 *+ 15 ps,
(3¥Si) = 206 + 12 ps, andr(,Fe) = 215 + 14 ps. The lifetimes ofA hypernuclei over the mass
region from carbon to iron are found almost constant at about 80% of that oA freiéhin the statistical
uncertainties. The short-range nature of the nonmesonic weak decay process, which is dominant in
heavy A hypernuclei, is possibly responsible for the observed weak hypernuclear mass dependence.
[S0031-9007(98)07604-2]

PACS numbers: 21.80.+a, 13.30.Eg, 13.75.Ev, 21.10.Tg

A A hyperon bound in a nucleus eventually decays fronof them have successfully reproduced both the t@fal
the ground state either through7z-mesonic or a non- and partial decay widthd{, andI’,) simultaneously and
mesonic weak decay (NMWD) process. Through aparticularly their ratioI’,/T",,).
r-mesonic process, A in a hypernucleus decays to a  So far the experimental data for the partial decay widths
nucleon and a pion, i.eA — N7, as a freeA does. had large errors and provided only limited constraints.
However, ther-mesonic decay is strongly suppressed inAmong the weak decay observables, the lifetime can be
hypernuclei, except very light ones, due to the small endetermined most accurately free from nuclear final state
ergy release in the process and the Pauli blocking. Insteathteractions and material effects. Therefore its accurate
the NMWD process, which is the strangeness changindata for heavyA hypernuclei are very much awaited to
baryon-baryon weak interaction procese\ + N —  understand the NMWD mechanism.
N + N), becomes dominant in most hypernuclei due The most reliable measurements of hypernuclear life-
to the much larger momentum of the final nucleon,times were carried out for relatively light hypernuclei
~400 MeV/c, than the typical Fermi momentum, from 4H [8] to \*C [9] by direct measurements of the

~270 MeV/c. production and decay times of thie hypernuclei. There
The total decay width of a\ hypernucleus]’, is the  have been a few other lifetime measurements for heavier
sum of the partial decay widths; A hypernuclei [10—-13]. However, in these measurements

T(=1/7) =Ty + Ty =Ts + T, + Ty (+Tapon). the produced hypernuclei were not explicitly identifie'd.
The reliable measurement for heavier hypernuclear life-
(1) time would help to see the effect of the nuclear medium
wherer is a lifetime. Here, thd", andl',,, are the partial on the lifetime and to understand NMWD process.
decay widths forr-mesonic decay and NMWD, respec- In the present paper, we report on the lifetime measure-
tively. I', andI’, are the partial widths foh + p —  ment of A hypernuclei in the mass range from carbon to
n+ pandA + n— n + n, respectively, and’,po, is  iron by the direct time measurement with explicit iden-
that of two-nucleon-induced NMWOANN — NNN). tification of the produced\ hypernuclei. Theg#*,K™)
The branching ratio for the NMWD process alreadyreaction was employed in the present experiment instead
reaches to about/4 by \>C [1,2]. Therefore, the de- of the (K, #~) reaction since it has the advantage to
cay of heavyA hypernuclei provides us with valuable and populate bound hypernuclear states [14,15] and give a
clean information on the NMWD process, henceforth thevirtually background-free spectrum [16] particularly for
baryon-baryon weak interaction and the short-range comeavier A hypernuclei. The experiment was carried out
relations in nuclear matter. at the K6 beam line of the KEK 12 GeV PS with
However, the understanding of the NMWD process is1.05 GeV/¢ pion beam for three targets: C, Si, and Fe.
still in a primitive stage. Although there have been sev- The production of hypernuclear bound states by the
eral microscopic model calculations for NMWD processes(7*,K*) reaction was identified by using the good-
which are based on either various meson exchange interagsolution, large-acceptance, scattered-particle spectrome-
tions [3—5] or quark-hadron hybrid interactions [6,7], noneter SKS (superconducting kaon spectrometer), whose
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intrinsic momentum resolution was better thedi 3 and  incident protons of~100 MeV. A veto counter was used
whose solid angle was-100 msr [17]. Because of the to reject high-energy particles which were not stopped in
good momentum resolution and the cleanness of théhe range counter. The energy ranges covered were 30—
(7w*,K™") spectrum, we were able to separate the ground40 MeV for protons and 12—70 MeV for pions.
states of>C and {’Si reasonably well, even though the Particle identification (PID) of decay products was made
targets were thick. by the AE-range method. The light output from & T
A schematic drawing of the target region is shown in(6 mm thick scintillator) counter was used fae. The
Fig. 1. A plastic scintillatofT;) was installed just before PIDs obtained fop ands were good enough, and the in-
the target to determine the beam timing. Targets weréermixing betweerp and# groups was less than 2% [19].
tilted by about 9—13° with respect to the beam not only  Figure 2(a) shows the excitation energy spectra for
to minimize energy thresholds for decay protons and pion&C(z*, K*)\*C gated with PID windows fop and .
but also to make the targets thick along the beam, that iSfhe solid and dotted lines arp-gated andw-gated
6.4(C), 10.3(Si), and 7.0(Feygn?. spectrum, respectively. Thie and thelp A single par-
Protons and pions emitted in the weak decay procedicle states in thep-gated spectrum were reasonably
of the A hypernuclei were measured in coincidence withwell resolved. The gated region for the delayed time
K* detected by SKS by two coincidence detector systemg,) determination ofy’C is indicated with an arrow in
placed symmetrically above and below the target. Eaclkrig. 2(a). Thew-gated spectrum is dominated by the
detector system, covering about 15% of the whole solidjuasifree pionic decay in whiclr’s are produced from
angle, consisted of a decay product timing coulifey, a  the decays of unbound’s. This can be clearly seen
drift chamber, arange counter, and a veto counter. The cefrom the rise of7 spectrum around, = 0. Similarly
ter of T, was located 3.7 cm from the center of the targetFigs. 2(b) and 2(c) show the and =~ gated spectra for
The lifetimes were obtained from delayed tifag) spec-  3Si and’Fe. Forxy Si we again gated for this A ground
tra for protons measured in coincidence with hypernucleastate. ForFe, the ground state peak was no longer
production by setting gates on peaks or on a region in theeparable, but the hypernuclear bound states were clearly
hypernuclear excitation energy spectrum as follows. identified and integrated to obtain the lifetime. We note
tqg = (T, — TOR) — (T, + TOF). (2) thattheA bound region ofY’Fe is open for pz;lgticle decay
channels. Therefore, some of the boundy’Fe states

o +

T.1 .and 'k are the timing readouts from the'bee(m ) first decay through particle emissions and eventually reach
timing and_ th_e decay _product (proton) timing counters, ground state of a nearby hypernucleus where Ahe
whose intrinsic resolutions arer, = 50 ps andor, =

35 ps [18]. TOR and TOF, are the flight times between undergoes a weak decay. THhehypernuclei reached via
the target and Tor T, counters.

In order to determine TOFand TOR, the trajectory I (a) 12C
and energy of the flight particle should be measured ac- 50 | A
curately. For the trajectory measurement, drift chambers
were installed between the timing countes @&nd the
range counters, as shown in Fig. 1. The spatial resolu- ]
tion was about 0.35 mm. For the energy measurement, > O ‘
two sets of range counters composed of 20 layers of scin- g 100 |
tillators with a total thickness of 10 cm were installed. A " i
typical energy resolution was about 2 MeV for normally € 50|
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[ | \ FIG. 2. The hypernuclear mass spectra for &), (b) ¥*Si,
| i ‘ l 10cm and (c)XFe observed in coincidence with emitted protons
‘ ‘

— (solid line) and pions (dotted line). Myy and M, are

the masses of a hypernucleus and a target nucleus. The
FIG. 1. A schematic view of the coincidence detector systemhorizontal arrows represent the gate for the events used for
used for the lifetime measurements of hypernuclei. the lifetime analyses.
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10 %[ Figures 3(b)—3(d) show the delay time spectra’ef,
- (a) R(t) 2¥si, and yFe, respectively, obtained by Eq. (2). The
3[ gated excited region for each case and the number of
10 3 events are listed in Tablel. To extract the lifetime,
0 ; ‘ B the delay time spectrum was fitted with the statistical
5 10 b distribution
N g o ,
o | D(t) = ] R(t — e "/7ar, (3)
S 1} 0
YE’ U which is a convoluted distribution of the exponential de-
S 10t cay function with a response functioR(t), which is the
S i previously mentionedr*,2p) time spectrum [Fig. 3(a)].
1| In the fitting procedure, we used the maximum likelihood
: method with Poisson statistics.
10 The lifetime(7) results obtained from these spectra are
7($Cys) = 231 = 15 ps,
: (X Sigs) = 206 = 12 ps,

and 7(yFe = 215 * 14 ps,
FIG. 3. The time spectrdr,) for (a) the prompt events of Where the errors are statistical. The present result for

(w*.2p), the hypernuclear weak decay events of (b) theAC is consistent with the previous one from BNL [9]

ground state of2C, (c) the ground state GfSi, and (d) the Within 1 standard deviation, but provides a reduced
whole bound states ofFe are shown. uncertainty by a factor of 2 due to the improved sta-

tistics. In Table I, the present results for the lifetimes

and the total decay widths are listed, together with
particle decays will be in the mass region®f = A =  the previous measurements [10-13]. We have ex-
56. (They are denoted agFe.) The integrated bound amined, on the systematic errors in our measurement
region is indicated by an arrow. The pion coincidencefrom the dependence on the decay particle energy,
spectrum rises sharply at th& binding threshold, and the difference between up and down coincidence detector
very few events remain below the gate channel in theystems and the contamination from the higher excited
pion coincidence spectrum. This demonstrates that thenergy states. No significant systematic error was found.
integrated region of the\ bound states in\Fe were In Fig. 4, the present results of the lifetimes o€, 3 Si,
properly selected. and ,Fe (closed circles) are compared with the previous

To obtain prompt time responser*,2p) events were data (open circles) obtained from counter experiments with

recorded simultaneously witliz",K*) events. One explicitidentifications of the producetl hypernuclei. The
proton was identified by the SKS spectrometer through théorizontal error bar for thg Fe data represents the mass
same procedure as the kaon, and the other was analyzeghge of the hypernuclei where weak decays take place.
by one of the coincidence detector systems. Figure 3(a&DPne does not, however, expect much variation of the
shows a typicalz ", 2p) time spectrum for thé’C target. lifetime in this mass range because the NMWD process,
The timing resolution was about 85 ps in which was  which is dominant, should not be very sensitive to an
much smaller than the typical lifetime; ~ 200 ps, so  outmost valence nucleon distribution of the hypernucleus.
that the error of the measured lifetime was not limited byThe observed lifetimes o\ hypernuclei, over the mass
this resolution, but by the statistics. range ofl2 < A < 56, are almost constant (saturated) as

TABLE I. Present results (bold characters) for the lifetimes and the total decay widtks of
hypernuclei are listed, together with the previous lifetime measurements for the medium and
heavy hypernuclei.

Gate window Number Lifetime r
(MeV) of events (ps) (T'p)
I 175-186 323 231 + 15 1.14 + 0.08
i 8673 [10]
3Bsi 171-181 527 206 = 12 1.28 = 0.08
AFe 160-185 309 215 + 14 1.22 + 0.08
7 + 2098j 180 = 72 [12]
7 + 38U 130 + 42 [12]
p + 38U 240 * 60 [13]
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300 , , for the first time explicitly identifying the producefl hy-
free /\ pernuclear bound states. We observe that the lifetimes
_____________________________________________________ of A hypernuclei in the mass range heavier than 12 are
\ Fe | almost mass independent. This weak mass dependence
k 28,Si h should be related to the mechanism of NMWD, which is

dominant in the present mass region, and to the baryon-
baryon short-range correlation inside the hypernucleus.
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