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The study ofS=—2 hypernuclei is of great importance o n
not only for understanding baryon-baryon interactions in a|
unified way within the S(B) octet, but also for investigating
multistrangeness systems, such as strange nidfteHow-
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ever, the data o6=—2 systems are very limited, whereas R

there is a relatively large amount of information 8 —1 B \Yere .

hypernuclei. 7 B;%fay" I e 2o K?
cbe R — :

As for £~ hypernuclei, there have been a few events / ‘ Wl A e \%
attributed to the formation d€ ~ hypernuclei in the interac- §§+~kt ****** RO CEa N Nt
tions of mesons with emulsion nuclé]. These events were 5 i |
reconstructed in order to extract the binding energy=of BAC / K}%ﬁ A FTOF
and, as a result, a phenomenological Woods-Saxon potentis T2

with parameters V5= —24+4 MeV, R=1.1xAY%fm
anda= 0.65 fm was found to fit the daf&]. However, since

all of the events only showed the emission of two hyperfrag-  f|G. 1. Schematic drawing of the experimental setapBeam-

ments from the interaction point of the mesons, they do nofine elements and detectors upstream of the target(Bn&CIFI

always assure kinematically that nuclear bound statédof target andk* tagging spectrometer.

were formed. Moreover, if there are any missing neutrals,

such as neutrons, they might lead to an erroneous estimate tfat we can reduce the background processes by looking at

a deeper binding energy & ~ than the real one. the tracks of the charged particles around the reaction verti-
A recent KEK experimenf4] found two events in which  ces, as described below.

a pair of A hyperfragments are emitted in the back-to-back The experiment was carried out at KEK-PS using sepa-

direction after=~ capture by light nuclei in the emulsion ratedK™ beams withP,-~1.66 GeVt on a scintillating

target. In both cases, one of the hyperfragments was identfier active target (& 8 10 cn?). The experimental setup

fied as being’ H due to itsw~ decay; the partner waBe. IS Shown in Fig. 1. The typicak™/m ratio was 1/4 at an

From a kinematical reconstruction, the binding energy Oijntensity of 2<10°K " /spill(~2 sec). The SCIFI target was

=- (R_ : comprised of 0.5-mm-thick plastic scintillating-fiber sheets.
t_he = (Bg) was estimated to be OZ%'ZO Mev for the Each sheet is composed of &8.5 mnt fibers with the fi-
first event. For the second event, it was interpreted as

o . Bers in successive sheets running alternately inktand Y

—_— 4 9

= ‘l—lzcgbognd syst;am*degcaylng |nto_ e't‘h@ AH+3Be, directions, enabling the construction of a three-dimensional

(b) AH+3Be*, or(c) yH* +3Be. The binding energy of the racking system for the charged particles. The light output

E~—'2C system was estimated to b@ 3.70°315MeV, (b)  from each fiber was amplified by one of two image-

0.62" 518 MeV, or (c) 2.66" 318 MeV. intensifier tubes X andY directions. The incidentk = me-
Considering the small binding energy Bf deduced for sons were identified with an aerogel Cherenkov detector

the first event, the initiaE ~ state can be interpreted as being (BAC). Combined with the time-of-flightTOF) information

a =~ atomic state. On the other hand, tBE state for the between theTl and T2 scintillators, the contamination of

second event is either an atomic state or a nuclear one;~ and p was reduced to less than 0.01%. Note that the

depending on whether the produced hyperfragments are eiicident kaon decays into pions within the target were re-

cited or not. One should note that these are the first observéected by looking at the tracks in the SCIFI target. The beam

tions of clearly identified=~ bound systems. Based on momentum was measured by using eight planes of multiwire

these events, Yamamoto analyzed the well depth of th@roportional chamber@8PC1-3 with a resolution ofAp/p

2~ -nucleus potential and obtaineds = —(16—17) Mev ~ =0.5% (rms). The outgoingk ™ mesons were clearly iden-

[5], which seems to be substantially weaker than the estimat§ied by a magnetic spectrometer with wire chambers and
given in Ref.[3]. trigger counters. The particle trajectories were measured by

It has been proposed that thie {,K*) reaction will lead 12 planes of drift chamber®C1-3). The time-of-flight was

to the direct formation oE ~ hypernuclei3]. Recent calcu- mee_lsured using a FTOF hodoscope_ dii sglntlll_atc_)r. A
lations [6,7] also show a sizable cross section for e verpcal hodoscopeYH) comprised of six plastic scintillators

' o defined the geometrical acceptance of the spectrometer
hypernuclear bound states, where Hie binding energy and

h ion d d rath itivel h F0.0Q sr=0.21rad in the horizontal direction and
the cross section depend rather sensitively upon the well o 15 54 in the vertical one, except for the polar angle

depth of theE"-nucleus potential; the &, bound state  _ 063 rad). LucitdLC) and aerogel CherenkdBAC) de-
strength has been calculated to be 0.83 and 0.11 % of thgctors discriminated kaons from protons and pions, respec-
quasifreeE "~ production forVg=—24 and—12 MeV, re-  tjvely. Further details of the experimental setup as well as the
spectively. trigger system are described elsewhigk

In view of the above situation of experiment and theory Figure 2 shows the reconstructed mass spectrum of the
on £~ hypernuclei, we carried out th&(",K ™) reaction on  outgoing particles. The mass resolution fd¢* is
a scintillating fiber(SCIFI) target at KEK, aiming at direct 18.5 MeV/c? (rms) at P+ =1.1 GeVk, which is consistent
observations of thé& ~ hypernuclear states. The primary with the momentum and TOF resolution. In order to obtain a
motivation of the experiment was to search for the clean mass spectrum, a smaif in the track fitting was
dibaryon[8]. One advantage of using a scintillating target isrequired to reject background due to decayof and =
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FIG. 2. Mass spectrum of the outgoing particles.

in Be. See text concerning the solid lines.

5.6 MeV/c? (rms) for the reactiorK ™+ p—K"+E~ . We

or scattering in the materials in the spectrometer. In addition, 5.« analyzed the SCIFI data in order to reduce the back-
the pulse-height information of the TOF counters was use%r

; X round events. First, events having secondary interaction
to reduce the background due to f\cmdental hits and nuclegftices in the SCIFI target0.08 interaction lengthwere
interactions in the counters. TH€"™ momentum spectrum . ted. O ¢ th i tHEO— KO .
was obtained by selecting the events in the mass range froff)e¢'ed: e OF TS 1S % conversion process,
430 to 570 MeV£2. The background due to the misidentifi- [K ™+ (p) —=K"+(n), K"—K" K"+ (p) K™ +(n)], which
cation of 7+ asK* was estimated to be less than 0.2% bycan be clearly identified by the SCIFI data. Second, the back-
extrapolating the tail of ther* peak. The reconstruction ground caused by false tracking has been rejected by requir-

efficiency for K* in the momentum range I6Py-+
>0.95 GeVt is constant. : e
Figure 3 shows the missing-mass spectrum as a functiope"ved in the SCIFI data. The spectrum shown in Fig. 3 was

of the excitation energy Hz) of the Z~ +B system,
namely, 1EZBe hypernuclei. The absolute energy scale was
determined within=0.5 MeV by observing the peak posi-
(1321 MeV) and=2* ~ (1535 MeV) productions

—_——

tion of 2

ing that the tracks oK~ andK™ at the target predicted by
the tracking chambers should be consistent with those ob-

thus obtained by rejecting these background events.

The events in the “unbound” region are mainly due to
quasifree and freeZ~ production. The events in the
“bound” region are the signal of eithek A, Z~ hypernu-

from the hydrogen in SCIFI. The missing-mass resolution jclei, orH production. The events with a large binding energy
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FIG. 3. Missing-mass spectrum for tHéC(K ~,K )X reaction
as a function of the excitation energig£) of 2~ in
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(Bz=36, 184, and 197 MeV, wherBz=—Ex=) have been
investigated in more detail as possible candidated gfro-
duction[8]. The conclusion is that there are no clear events
for H production.

Figure 4 shows an expanded view of the missing-mass
spectrum around the bound region. Here, the vertical scale is
plotted in terms of the cross section, which was deduced by
comparing the yields with the data in R¢8]. In order to
obtain information concerning th€ ~-nucleus potential, the
experimental data were compared with the theoretical spectra
(solid curve, of which the framework is briefly described
below.

Based on the DWIA framework shown in Ref§,7], the
theoretical lab differential cross sectiaifo(6)/dQ dEz
was calculated for both bound and unbougd production.
The Woods-Saxoi ~ well depth (V5) has been changed as
a parameter withR=1.1AY3fm and az=0.65 fm being
fixed. The proton wave function in th&C target is gener-
ated by the conventional Woods-Saxon potential v
=-50 MeV, R=1.1A%fm, anday=0.65 fm. As for the
K~ p—E~K™ elementary cross section, a recent experimen-
tal value [9] is employed: a(do/dQ)k-,_z-x+=0.73
X (35=5)~26 ub/sr, where the coefficient accounts for
the transformation between two-body aAebody frames.

In the Woods-Saxon potential model, th®~ bound
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states are predicted as follows, depending onZFhewell  theoretical spectra. In order to make a quantitative compari-
depth: son, we estimated the summed cross section Her
<7 MeV to be

VE=—24 MeV:
Ac®P=0.21+0.07 ub/sr.

Ez=-105MeMsz) and —1.2MeVpz), The corresponding theoretical values were obtained by

integrating over the same energy region:

V5 =—20 MeV: B
Ao®@=0.44 ublsr for Vg=-24 MeV,
Ez=-8.1MeMsz) and —0.2 MeMp=), B
_ 0.32 ub/sr  for Vg=—20 MeV,
Vg=-16 MeV: Ez=-6.0 MeV(sz), _
0.19 ub/sr  for Vg=—16 MeV.
V5=—-12 MeV: Ez=-3.9 MeV(sz). . . . .
0 © = 3.9 MeM(sz) Here, one may think about possible theoretical uncertain-
It should be also noted that tH& state widths due to the ti€s in these predictions. It should be noted that the distorted-
=-p—AA conversion are predicted to be very small inWave impulse approximatiofDWIA) treatment[10] can

—

comparison with theS case, I®™=1.7 MeV(s=) and well reproduce the experimental cross sections for the

12,1 - —\ 12,1 : _
0.9 MeV(pz), when one uses the Nijmegen modelinter- CK™ 7)) ?(22 reaction at Px-=800 Mevlc [11]
action. Thus, if the energy resolution is good enough, som@nd those for the*’C(=*,K )i°C reaction atP,+=1040

bound states are expected to be observed as distinguishafeV/c(Py+=700 MeV/c) [12] within an accuracy of less
peaks. One may refer to Fig. 2 of RET] for the theoretical than 30% as far as the available differential cross section is
(K~ ,K*) spectra with a clear peak structure. concerned. Th&k~ and K* momenta concerned here are

In the present case, however, we have to take the preseflffferent from the above-mentioned cases, however, the
experimental energy resolutionr&9.5 MeV) as a smearing larger kaon momenta certainly favor the DWIA treatment
width when we draw the theoretical excitation spectra, an€mployed here in the same manner. Thus, it is reasonable to
accordingly, the bound peak structure disappears. The calc§UPPose that the uncertainties in the theoretical predictions
lated results with a varied well depth’f) are also shown by are within a similar boundary. On the basis of this consider-
the solid lines in Fig. 4. The theoretical spectra are generate@fion, We can make a conclusive remark based on the above
by partially integrating the differential cross section comparison: the case wity = —24 MeV is clearly outside
d?s/dQdEz over the solid angle which corresponds to theOf the three standard deviations with respect to the experi-
actual detector acceptance. mental value. o

In the present experiment, only a few events are obtained [N conclusion, although it is not very easy to deduce
within the relevant bound-state region. Moreover, becaus@ definite 2~ well depth, the present comparison of both
the missing-mass resolution is not so good, it seems rathdp€ excitation spectréFig. 4 and the summed cross sec-
hard to extract definite information concerning ti&~  tion Ac(Ez<7 MeV) near theE~ threshold region sug-
bound state. In spite of the poor statistics, it is interesting t@ests that the potential-well depth f&~ should be less
compare the theoretical cross section to the experimentdnan, for example, 20 MeV. This conclusive remark concern-
spectrum for a particular region including and near toftie  ing Vg seems to be consistent with the twin hypernuclear
bound states in more detail. It is remarked here that both theroduction eveni4], for which Yamamoteet al.[5] deduced
bound-state and continuum strengths were estimated usingg = —(16—17) MeV, but is not compatible with the
the Kapur-Peierls method in a unified w4,7], so that result derived from an analysis of old emulsion data
smearing into the bound region is properly realized in the(Vg=—24 MeV) [3].
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