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Shell Model Analysis of 2~ Hypernuclei Spectra for Mass A = 12 and A = 16 *
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The excitation spectra for (32 Be) and (22.C) are obtained in the frame of a shell model. The experimental values
of the ground state binding energies of the =~ hyperon in (g"_Be) and (IES_C) are used to determine the well depth

of the £~ -nucleus potential. The information on the residual interaction is emphasized. It is found that the
residual interaction does not have much effect on the spectra of the =~ -hypernucleus.

PACS: 21.80. +a, 21.60.Cs

One of the important subjects in hypernuclear
physics is to study the spectra of the hypernuclei.
The main reason is that the information we obtained
from this studying can provide some knowledge about
the hyperon(Y)—nucleon(N) interactions. Although a
considerable body of information exists in the produc-
tion and decay properties of the strangeness § = —1
hypernucler,’? comparatively little is known about
§ = —2E~-hypernuclei. Until recent, only a few

events were attributed to the formation of the =~-
hypernuclei.® At the Koh-Ene-Ken(KEK), an active
experimental program is underway to study the double

strangeness exchange reaction on nuclear targets.*—8
At the Brookhaven Alternating Gradient Synchrotron

(AGS), a more intense separated 1-2 GeV/c K~ beam
is now available for (K~, K1) studies.® Its application
to more general studies of S = —2 spectroscopy is
strongly indicated. A missing mass spectrum in the

reaction '2C(K~, K*)12 Be has been recently shown
from the Brookhaven AGS experiment E885, in which
some events are candidates for =-hypernculei, but no
analysis of these data has been reported yet.!°

The spectra of the A-hypermuclei and -
hypernucleir have been studied extensively. But little
have been done for = -hypernuclei. In this letter, the
spectra of ?C(K~,K*)2Be and 'O(K~ K*) C
will be examined in the frame of the shell model with
suitable single particle potentials and with a residual
interaction. The analysis of the two =~ -hypernuclei
has been carried out with some treating as did in
the case of A-hypernuclei: only one proton in the
target nucleus is replaced by a =~ hyperon, while
the rest of the nucleus remains unchanged. We de-

scribe the ground state of '2C and 60 as a closed
shell, and the states of g_ Be and éﬁ_ C as 1-particle—1-
hole excitation built upon this closed shell. Spin flips
are excluded, so that the parity of the Z~-particle

Jﬂ'
[(anNjN)_l(nYleY)]> is “nat-
ural” with P = (—1)%=-t'»_ For simplicity, we as-

sume that the =~ particle can be in any one of the
possible bound orbits and the proton hole in Ops /2

orbit for the 2C case and Op, /2> Op3/o0rbits for the

80 case. Therefore the configurations for 2 Be
—_— — - —_—— — + ot

are I(P:‘ )Op3/12081/2>1 ) |(P:‘ )0p3/120p3/2)0 2 and

|(P=~)0p;, /120p1 /2)2+. The configurations for ¢ C are

similar. The Hamiltonian is

proton-hole state

HZHg_ +HI(\)]+VEVN(’I‘1 —1"2), (1)

where Hg_ and Hy, are the single-particle Hamilto-
nian for 2~ hyperon and nucleons, respectively.

o _ P& L=
HE* =2ME— + U ) (23)
2
D; .
H =3 |53 + U0, (2b)

i

and Vz-n(7r1—72) is aresidual interaction. The single-

particle potentials for N and Z~ we adopted are in the
Woods-Saxon(W-S) form

UB = VOBf(T) + VLBS< + Ucoul(r)y

3
where the index stands for N and =, and the radial
form factor reads

1
1) = Treglr = Ry/a

™

=ro(A—1)3. (4)

For the nucleon, the values of the centeral and spin-
orbit well depths are chosen as V' = —54MeV,
Vs = TMeV (ry = 1.25fm, a = 0.65fm), which can
reproduce adequately the Op-state proton hole energies
Ey, known experimentally. The well depth for the =~
potential V& is treated as a free parameter and will
be determined from a comparison of the calculated
ground state binding energies of the =~ hyperon in
éz_ Be and éﬁ_ C with the experimental data. The spin-
orbit coupling in the =~ -nucleus interaction can not be
determined uniquely, since no experimental data are
available. Using the model D of the Nijmegen group,!!
Dover and Gal predicted that V{5 = 1 MeV, so we
adopt V§ =1MeV (rg = 1.1 fm, a@ = 0.65 fm) in this
work. As for the residual interaction, it seems prema-
ture for us to use a more complicated form. Therefore,

for simplicity, we choose the residual interaction with
only one parameter o:

Va-n(r1 —7r2) = —Vod(r1 — r2)(1 + oy - 02).  (5)

For internal consistency of the shell model, the overall
strength V) must be related to Vz-:

*Supported by the National Natural Science Foundation of China under Grant No. 19875026, and the Doctoral Foundation of

the Education Commission of China under Grant No. 97005518.

©by the Chinese Physical Society



402 TAN Yu-Hong et al.

Vol. 17

Table 1. Single-particle energies of =~ and proton calculated for 12 Be and 16 C systems. VOB (B = 27,N) is the potential depth
in units of MeV and E,;(l = s or p) is the energy with respect to the corresponding threshold.

T2 Be T C
VOB E051/2 EOPs/z E0P1/2 VOB E031/2 E0P3/2 E0P1/2
=2 —24 —12.49 -2.79 —2.08 —24 —14.97 —5.37 —4.68
P —54 —11.72 —54 —14.94 -10.66
VE™ small, they are basically (more than 0.95 in amplitude
‘/0 = 0_/d3,'.f(,,.) (6) = —1\2% ( -— —1\27t )
A I(h‘ P)0p3/20p3/2> and i(“ P)Op1/20p3/2> config-

since Vz-y folded with the nuclear density should re-
produce the average potential (3), at least its central

part.!2 The spin dependence of Vz—y characterized by
the parameter o is not established. Referring to the A
hypernuclei, a very weak spin dependence seems rea-
sonable. Therefore, for £, to see the effect of it on
the final spectra, we chose a = 0, -0.05,—-0.15, —0.5.
The single-particle energies and wavefunction for
the E~-particle and proton-hole are obtained by solv-
ing the Schrodinger equations with Hamiltonians (2a
and 2b) numerically. For the wave function the har-
monic oscillator (HO) wave function is employed as’

bnt; (1) =Y amBO(r). (7)

m

In comparison with the experimental ground state
binding energies of the =~ hyperon in 12 Be and 1¢ C
we found that a reasonable value for the well depth
of the E~-nucleus potential is —24 MeV, which is in
agreement with the results of Dover and Gal.l3 In
Ref. 14, the well depth of the Z~ potential was deter-
mined as —23.9 MeV, also close to the present result.
So, we choose V& = —24MeV in our following dis-
cussion. The single-particle energies for both 2~ and
proton we got are listed in Table 1.

By diagonalizing the residual interaction (5) in the
E~-particle proton-hole basis (E~P~!), the excitation
spectra and the wavefunctions are obtained for both
£ Be and ¥ C. As an example, the spectra for 12 Be
with a changing from 0 to 0.5 MeV are shown in Fig. 1.
The results for éﬁ_C are similar. It is seen that the

energies of hypernucleus experience a downward shift
with «, but the speed with which they decrease is
very slow, which indicates that unlike the NN case, a

rather weak spin-dependence is indicated for the S~ -
hypernuclei. We also found that the spectra consist
of two well-separated groups of states: the ground

1~ state, composed of |(E_P)Osl/20p;/l2)1_ configu-
ration, and three states at about 10MeV above the
ground state mainly of the =~ p_ /12 configurations.
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Fig. 1. Excitation spectrum of é,z_ Be-hypernucleus.

Our calculation shows that the admixtures in the
2% states induced by the residual interaction are very

urations, respectively. The positions of the excitation
states are close to energies of the unperturbed =~ P!
states, that is to say, the results are not very sen-
sitive to the residual interaction. The reason for the
weak dependence on the residual interaction is because
the Z~ (particle)-proton(hole) matrix elements of the
residual interaction are typically of the order of 1 MeV
or less, smaller on the average than the corresponding
NN force. For light hypernuclei, since the model space
is composed of only a few given Z7P~! states, the

VE  cannot induce significant configuration mixing,
the diagonalized wave functions should be dominated
by a single unperturbed Z~P~! configurations, and
the positions of the diagonalized Z~P~! states should
remain within one or two MeV of the unperturbed en-
ergies. Since the 2~ P~! states of a given J are only
weakly admixed by the residual interaction (at least
for the light closed shell hypernuclei), it will enable
one to assign the experimental data to the dominant
Z~P~! configurations. However, the AGS E885 ex-
periment at present stage only conforms some events
for =-hypernuclei,'? one could not identify discrete =-
hypernuclear states yet, before the data are improved.
So, we have to compare our results with theoretical
12C(K~, K*)12 Be double-differential cross sections

of Ref.15. Basically the excitation spectra we ob-
tained agree with the positions of cross section peaks
of Ref.15. Finally, it is worth to note that, since a
=~ -particle can interact with a proton to form two
A-particles, the admixtures of AA hypernculear states
into a E hypernculear state may take place. The in-
fluence of such state-mixing on the level position and
width may be complicated and it remains to be further
studied.
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