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FEW-BODY SIGMA HYPERNUCLEI

Yoshinori AKAISHI
Department of Physics, Hokkaido University, Sapporo 060, Japan

" Abstract

The hypernucleus ;He is a bound state with J"= 0" and T ~ 1/2 (99%),
of which bindihg energy and width are calculated to be B(E+) = 3.7~ 4.6
MeV and T = 4.5 ~ 7.9 MeV. The nucleus-i potential derived from the
realistic EN interaction is characterized by a strong Lane term and inner
repulsion, which explain the appearance of the narrow-width bound state
éHe. Three types of the possible existence are discussed for E-hypernuclear
systems.

1. Introduction

In 1980, the observation of narrow peaks due to the E production was
reported in the strangeness exchange 9Be(K_, n ) reaction at CERN [1]. The
widths are about 8 MeV, which are unexpectedly narrow compared to
anticipating theoretical predictions of 20 ~ 30 MeV. Since then, data of
such narrow peaks have been accumulated for (K , nt) reactions [2]: All
peaks 1lie 1in cqntinuum region above the E-emission threshold. In some
better-statistics experiments, peak-like structures disappeared in the pion
spectra. In spite of many theoretical efforts.[2] it still remains a puzzle
why such narrow peak structures could exist in the E-continuum region. In
order to confirm the existence of E-hyhernuclei, more definitive data must
be shpplied.

Harada et al.[3] showed theoretically the possible existence of gﬂ and
éHe below the E-emission threshold on the basis of four-body calculations
with realistic IN potentials (SAP-1,2) which simulate the Nijmegen model-D
potential [4]. The %He hypernucleus is in a bound state with J"= 0% and T ~
1/2 (99%). Its binding energy and width are calculated to be 3.7 ~ 4.6 MeV
and 4.5 ~ 7.9 MeV, respectively. We use terminology "bound" in the sense
that the £ channel is closed, though the conversion A channel is open.



In 1989, Hayano et al.[5] presented an evidence of the bound E-hyper-

nucleus. As shown in Fig. 1, they observed ;He. below the t+):+ threshold by
+0.4

3.27]", MeV with a width of 4.6i§‘é MeV, in the *He(stopped K ,n ) reaction

experiment at KEK. The energy and the width are in good agreement with the
above theoretical predictions.
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Fig. 1. Experimental spectra of 4He(stopped K, n) reactions.

"Is there a bound éﬂe ?2"[6] The in-flight K experiment at an
incident momentum 450 MeV/c could be presently the best way to definitely
answer the above question [7]. Recently the Ye (K™, 1) in-flight exper-

iment has been done with 600 MeV/c at BNL by Hayano, Hungerford and others
to get a final answer to the existence of %He.

2. Nucleus-% Potential

The bound E-hypernucleus provides a testing ground for theoretical
approaches to the narrow-width problem of the Np»NA conversion. The
structure of éHe is investigated on the basis of realistic EN interaction
by means of ' the coupling between 3H + Z+ and 3He + EO channels. The
nucleus-& potential derived from the calculation shows a characteristic
feature. It has a repulsive bump at short distances and has a strong

coupling term as shown in Fig. 2. The nucleus-I potential is written as



The first term is repulsive at short distances. The second‘is the Lane term
and is sufficiently strong. The Lane term plays an essential role to make
the nucleus-I system bound. In fact, if the coupling potential coming from
the Lane potential is switched off, neither h + 80 state nor t + z+ state
can be bound. Since the conversion width is proportional to the overlap
between the imaginary potential and the E distribution, the width is
reduced to about half by the repulsion at short distance. Thus, the
narrowness of the conversion width is due to the appearance of the central

repulsion in the real part of the nucleus-E potential.
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Another importance of the Lane term is to recover the isospin symmetry
broken due to the threshold difference. The bound éHe state becomes a T ~
1/2 good 1isospin state as a result. Thé potential for T = 3/2 is strongly
repulsive in the real part and is very weak in the imaginary part. Then,
the behavior of the n+ spectrum becomes essentially different from that of
T=1/2. Thus, the 4He(stopped K, nt) data [5] provide rich information on
the nucleus-E potential. :

~ Similar properties of nucleus-I interaction can be discussed in other
light E-hypernuclear systems. A strong central repulsion appears in the o-EL
potential Uo. The « particle 1s of isospin 0, and the «E potential has no
Lane term which could bring about strong attraction. This explains why

there exists no o-E bound state. For 2Li (%Be). its clustering is



investigated by Okabe et al.[7] and a rotating « + éH (o + ;He) di-

molecular structure is discussed by Langanke et al.[8]

3. E-Hypernuclear States in Continuum Spectrum

In the 7 spectrum of the gBe(K_,n_) reaction at CERN [1] two peaks
were reported in the E-continuum region. Ikeda and Yamada [9] proposed the
concept of a coupledv isotriplet in order to explain the lower peak. The

explanation 1is based on the three E-hypernuclear states 8Li - E+, 8Be*- 80

’and 8B - ¢, of which core nuclei form the T=1 isotriplet. A strong Lane
potential mixes thé three states and forms a good-isospin state below the
lowest threshold of the three. Thus the escape width is suppressed. This
mechanism supposed for the lower peak is recently refined by Richter et al.
and is developed to ;Li by Yamada et al. [10]

A possible structure of the second peak was discussed by Khin Swe
Myint et al.[11] The Coulomb interaction prepares an atomic bound state in
the 8B + £ channel region. In the internal region the Lane term of the
strong interaction plays a dominant role and recovers the isospin symmetry
broken 1in the atomic state. Then the internal state is connected to the
8Be* + EO open channel and gets the escape width. This coupled resonance
state is called an atom-nucleus hybrid state.

Unfortunately the statistics of the 9Be(Kn,n_) experiment at CERN is
very poor and we cannot confirm the existence of the peaks at present. In
order to check probable mechanisms of E-states in continuum, future

reexperiments are requested.

4. Concluding Remarks

The nucleus-E potential derived from the realistic EIN interaction has
a strong Lane term and a short-range repulsion in its real part. We suggest
three types of the possible existence of E-hypernuclei.

1) Hypernuclear bound state:
It 1is the case of éHe. The Lane term of the nucleus—z potential makes the
system bound and does the total isospin almost pure. The short-range
' repulsion plays an important role in reducing the EN-AN conversion width.
The present theoretical analysis shows that the éHe hypernucleus observed
at KEK is a bound state with J" = 0" and T ~ 1/2 (99%), whose narrow width
is due to the central repulsion of the nucleus-E potential.

2) Coulomb-assisted hybrid bound state:
There 1is a possibility that E-hypernuclear states with narrow widths

208

exist even 1in heavy nuclei like Pb under the cooperation of the strong

interaction, the Coulomb interaction and the centrifugal potential. The



Coulomb and the centrifugal potentials close up the surface region of the
nucleus, where the peculiar-shaped strong interaction works. The state may
be useful for the investigation of I-hypernuclear 9s splitting which is
proportional tovthe large angular momentum 9.
3) Coupled-isomultiplet resonance state:
Atom-nucleus hybrid resonance state:
They might be the case of gBe. The Lane term plays essential roles in
forming EI-resonance states in continuum. In the atom-nucleus hybrid case
the Coulomb interaction gives the foundation of the existence and the
’strong interaction builds up the peculiar characters of the state with
escape width. '
Lastly, we can conclude that the observation of ;He at KEK and BNL is

a mile stone of the study of rich field of sigma-hypernuclear systems.
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