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‡Present address: RIKEN, Institute for Physical and Chemical Research, Wako, 351-01, Japan.
§Present address: Institute for Cosmic Ray Research, University of Tokyo, Tanashi, Tokyo 188, Japan.
i Present address: International Center for Elementary Particle Physics, University of Tokyo, Tokyo 113, Japan.
PRC 580556-2813/98/58~2!/1306~4!/$15.00 1306 © 1998 The American Physical Society



e

s

nt
-

n

ag
no

ls
te

c
n
n

o

s

ng

on
e

rv
n
th

a

we

t

ry

t
ry

is

g at
erti-

pa-

s
ts.

nal
put
e-

tor

f
the
re-
am
ire

-
nd
by

eter
d

ec-
the

the

a

PRC 58 1307BRIEF REPORTS
The study ofS522 hypernuclei is of great importanc
not only for understanding baryon-baryon interactions in
unified way within the SU~3! octet, but also for investigating
multistrangeness systems, such as strange matter@1#. How-
ever, the data ofS522 systems are very limited, wherea
there is a relatively large amount of information onS521
hypernuclei.

As for J2 hypernuclei, there have been a few eve
attributed to the formation ofJ2 hypernuclei in the interac
tions of mesons with emulsion nuclei@2#. These events were
reconstructed in order to extract the binding energy ofJ 2

and, as a result, a phenomenological Woods-Saxon pote
with parameters V0

J522464 MeV, R51.13A1/3 fm
anda50.65 fm was found to fit the data@3#. However, since
all of the events only showed the emission of two hyperfr
ments from the interaction point of the mesons, they do
always assure kinematically that nuclear bound states ofJ2

were formed. Moreover, if there are any missing neutra
such as neutrons, they might lead to an erroneous estima
a deeper binding energy ofJ2 than the real one.

A recent KEK experiment@4# found two events in which
a pair ofL hyperfragments are emitted in the back-to-ba
direction afterJ2 capture by light nuclei in the emulsio
target. In both cases, one of the hyperfragments was ide
fied as beingL

4 H due to itsp2 decay; the partner wasL
9 Be.

From a kinematical reconstruction, the binding energy
the J2 (BJ) was estimated to be 0.5460.20 MeV for the
first event. For the second event, it was interpreted a
J2212C bound system decaying into either~a! L

4 H1L
9 Be,

~b! L
4 H1L

9 Be* , or ~c! L
4 H* 1L

9 Be. The binding energy of the
J2212C system was estimated to be~a! 3.7020.19

10.18 MeV, ~b!
0.6220.19

10.18 MeV, or ~c! 2.6620.19
10.18 MeV.

Considering the small binding energy ofJ2 deduced for
the first event, the initialJ2 state can be interpreted as bei
a J2 atomic state. On the other hand, theJ2 state for the
second event is either an atomic state or a nuclear
depending on whether the produced hyperfragments are
cited or not. One should note that these are the first obse
tions of clearly identifiedJ2 bound systems. Based o
these events, Yamamoto analyzed the well depth of
J2-nucleus potential and obtainedV0

J52(16217) MeV
@5#, which seems to be substantially weaker than the estim
given in Ref.@3#.

It has been proposed that the (K2,K1) reaction will lead
to the direct formation ofJ2 hypernuclei@3#. Recent calcu-
lations @6,7# also show a sizable cross section for theJ2

hypernuclear bound states, where theJ2 binding energy and
the cross section depend rather sensitively upon the
depth of theJ2-nucleus potential; the 0s1/2 bound state
strength has been calculated to be 0.83 and 0.11 % of
quasifreeJ2 production forV0

J5224 and212 MeV, re-
spectively.

In view of the above situation of experiment and theo
on J2 hypernuclei, we carried out the (K2,K1) reaction on
a scintillating fiber~SCIFI! target at KEK, aiming at direc
observations of theJ2 hypernuclear states. The prima
motivation of the experiment was to search for theH
dibaryon@8#. One advantage of using a scintillating target
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that we can reduce the background processes by lookin
the tracks of the charged particles around the reaction v
ces, as described below.

The experiment was carried out at KEK-PS using se
rated K2 beams withPK2;1.66 GeV/c on a scintillating
fiber active target (838310 cm3). The experimental setup
is shown in Fig. 1. The typicalK2/p2 ratio was 1/4 at an
intensity of 23104K2/spill(;2 sec). The SCIFI target wa
comprised of 0.5-mm-thick plastic scintillating-fiber shee
Each sheet is composed of 0.530.5 mm2 fibers with the fi-
bers in successive sheets running alternately in theX andY
directions, enabling the construction of a three-dimensio
tracking system for the charged particles. The light out
from each fiber was amplified by one of two imag
intensifier tubes (X andY directions!. The incidentK2 me-
sons were identified with an aerogel Cherenkov detec
~BAC!. Combined with the time-of-flight~TOF! information
between theT1 and T2 scintillators, the contamination o
p2 and p̄ was reduced to less than 0.01%. Note that
incident kaon decays into pions within the target were
jected by looking at the tracks in the SCIFI target. The be
momentum was measured by using eight planes of multiw
proportional chambers~BPC1-5! with a resolution ofDp/p
50.5% ~rms!. The outgoingK1 mesons were clearly iden
tified by a magnetic spectrometer with wire chambers a
trigger counters. The particle trajectories were measured
12 planes of drift chambers~DC1-3!. The time-of-flight was
measured using a FTOF hodoscope andT2 scintillator. A
vertical hodoscope~YH! comprised of six plastic scintillators
defined the geometrical acceptance of the spectrom
(0.09 sr;60.21 rad in the horizontal direction an
60.12 rad in the vertical one, except for the polar angleu
<0.063 rad). Lucite~LC! and aerogel Cherenkov~SAC! de-
tectors discriminated kaons from protons and pions, resp
tively. Further details of the experimental setup as well as
trigger system are described elsewhere@8#.

Figure 2 shows the reconstructed mass spectrum of
outgoing particles. The mass resolution forK1 is
18.5 MeV/c2 ~rms! at PK151.1 GeV/c, which is consistent
with the momentum and TOF resolution. In order to obtain
clean mass spectrum, a smallx2 in the track fitting was
required to reject background due to decays ofK1 andp1

FIG. 1. Schematic drawing of the experimental setup:~a! Beam-
line elements and detectors upstream of the target and~b! SCIFI
target andK1 tagging spectrometer.
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1308 PRC 58BRIEF REPORTS
or scattering in the materials in the spectrometer. In addit
the pulse-height information of the TOF counters was u
to reduce the background due to accidental hits and nuc
interactions in the counters. TheK1 momentum spectrum
was obtained by selecting the events in the mass range
430 to 570 MeV/c2. The background due to the misidentifi
cation ofp1 asK1 was estimated to be less than 0.2%
extrapolating the tail of thep1 peak. The reconstruction
efficiency for K1 in the momentum range 1.6.PK1

.0.95 GeV/c is constant.
Figure 3 shows the missing-mass spectrum as a func

of the excitation energy (EJ) of the J2111B system,
namely, J

12Be hypernuclei. The absolute energy scale w
determined within60.5 MeV by observing the peak pos
tion of J2 (1321 MeV) andJ* 2 (1535 MeV) productions
from the hydrogen in SCIFI. The missing-mass resolution

FIG. 2. Mass spectrum of the outgoing particles.

FIG. 3. Missing-mass spectrum for the12C(K2,K1)X reaction
as a function of the excitation energy (EJ) of J2 in J

12Be for all
events below 100 MeV.
n,
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5.6 MeV/c2 ~rms! for the reactionK21p→K11J2 . We
have analyzed the SCIFI data in order to reduce the ba
ground events. First, events having secondary interac
vertices in the SCIFI target~0.08 interaction length! were
rejected. One of those is theK̄02K0 conversion process

@K21(p)→K̄01(n),K̄0→K0,K01(p)→K11(n)#, which
can be clearly identified by the SCIFI data. Second, the ba
ground caused by false tracking has been rejected by req
ing that the tracks ofK2 andK1 at the target predicted by
the tracking chambers should be consistent with those
served in the SCIFI data. The spectrum shown in Fig. 3 w
thus obtained by rejecting these background events.

The events in the ‘‘unbound’’ region are mainly due
quasifree and freeJ2 production. The events in the
‘‘bound’’ region are the signal of eitherLL, J2 hypernu-
clei, orH production. The events with a large binding ener
(BJ536, 184, and 197 MeV, whereBJ52EJ) have been
investigated in more detail as possible candidates ofH pro-
duction @8#. The conclusion is that there are no clear eve
for H production.

Figure 4 shows an expanded view of the missing-m
spectrum around the bound region. Here, the vertical sca
plotted in terms of the cross section, which was deduced
comparing the yields with the data in Ref.@8#. In order to
obtain information concerning theJ2-nucleus potential, the
experimental data were compared with the theoretical spe
~solid curve!, of which the framework is briefly describe
below.

Based on the DWIA framework shown in Refs.@6,7#, the
theoretical lab differential cross sectiond2s(u)/dVLdEJ

was calculated for both bound and unboundJ2 production.
The Woods-SaxonJ2 well depth (V0

J) has been changed a
a parameter withR51.1A1/3 fm and aJ50.65 fm being
fixed. The proton wave function in the12C target is gener-
ated by the conventional Woods-Saxon potential withV0

N

5250 MeV, R51.1A1/3 fm, andaN50.65 fm. As for the
K2p→J2K1 elementary cross section, a recent experim
tal value @9# is employed: a(ds/dV)K2p→J2K150.73
3(3565);26 mb/sr, where the coefficienta accounts for
the transformation between two-body andA-body frames.

In the Woods-Saxon potential model, theJ2 bound

FIG. 4. Expanded view of the missing-mass spectrum aro
the bound region as a function of the excitation energy (EJ) of J2

in J
12Be. See text concerning the solid lines.
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PRC 58 1309BRIEF REPORTS
states are predicted as follows, depending on theJ2 well
depth:

V0
J5224 MeV:

EJ5210.5 MeV~sJ! and 21.2 MeV~pJ!,

V0
J5220 MeV:

EJ528.1 MeV~sJ! and 20.2 MeV~pJ!,

V0
J5216 MeV: EJ526.0 MeV~sJ!,

V0
J5212 MeV: EJ523.9 MeV~sJ!.

It should be also noted that theJ state widths due to the
J2p→LL conversion are predicted to be very small
comparison with theS case, GJ

conv>1.7 MeV(sJ) and
0.9 MeV(pJ), when one uses the Nijmegen model-D inter-
action. Thus, if the energy resolution is good enough, so
bound states are expected to be observed as distinguis
peaks. One may refer to Fig. 2 of Ref.@7# for the theoretical
(K2,K1) spectra with a clear peak structure.

In the present case, however, we have to take the pre
experimental energy resolution (s59.5 MeV) as a smearing
width when we draw the theoretical excitation spectra, a
accordingly, the bound peak structure disappears. The ca
lated results with a varied well depth (V0

J) are also shown by
the solid lines in Fig. 4. The theoretical spectra are gener
by partially integrating the differential cross sectio
d2s/dVdEJ over the solid angle which corresponds to t
actual detector acceptance.

In the present experiment, only a few events are obtai
within the relevant bound-state region. Moreover, beca
the missing-mass resolution is not so good, it seems ra
hard to extract definite information concerning theJ2

bound state. In spite of the poor statistics, it is interesting
compare the theoretical cross section to the experime
spectrum for a particular region including and near to theJ2

bound states in more detail. It is remarked here that both
bound-state and continuum strengths were estimated u
the Kapur-Peierls method in a unified way@6,7#, so that
smearing into the bound region is properly realized in
le
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theoretical spectra. In order to make a quantitative comp
son, we estimated the summed cross section forEJ
<7 MeV to be

Dsexp50.2160.07mb/sr.

The corresponding theoretical values were obtained
integrating over the same energy region:

Dscal50.44mb/sr for V0
J5224 MeV,

0.32mb/sr for V0
J5220 MeV,

0.19mb/sr for V0
J5216 MeV.

Here, one may think about possible theoretical uncerta
ties in these predictions. It should be noted that the distor
wave impulse approximation~DWIA ! treatment@10# can
well reproduce the experimental cross sections for
12,13C(K2,p2)L

12,13C reaction at PK25800 MeV/c @11#
and those for the12C(p1,K1)L

12C reaction atPp151040
MeV/c(PK1.700 MeV/c) @12# within an accuracy of less
than 30% as far as the available differential cross sectio
concerned. TheK2 and K1 momenta concerned here a
different from the above-mentioned cases, however,
larger kaon momenta certainly favor the DWIA treatme
employed here in the same manner. Thus, it is reasonab
suppose that the uncertainties in the theoretical predict
are within a similar boundary. On the basis of this consid
ation, we can make a conclusive remark based on the ab
comparison: the case withV0

J5224 MeV is clearly outside
of the three standard deviations with respect to the exp
mental value.

In conclusion, although it is not very easy to dedu
a definiteJ2 well depth, the present comparison of bo
the excitation spectra~Fig. 4! and the summed cross se
tion Ds(EJ<7 MeV) near theJ2 threshold region sug-
gests that the potential-well depth forJ2 should be less
than, for example, 20 MeV. This conclusive remark conce
ing V0

J seems to be consistent with the twin hypernucle
production event@4#, for which Yamamotoet al. @5# deduced
V0

J52(16217) MeV, but is not compatible with the
result derived from an analysis of old emulsion da
(V0

J5224 MeV) @3#.
a-
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