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We are introducing the idea of boson-fermion symmetry and hypersymmetry for
hypernuclei. The case with j, = j, =741 = 1/2 is investigated.

1. Introduction

The spectroscopy of hypernuclei is a rapidly developing field of nuclear phy-
sics!. Levels of A- and Z-hypernuclei are excited in the strangeness exchange reac-
tions (K, =) and E-hypernuclei are accessible in double strangeness ecxhange reac-
tions !~ . To date, only limited amount of data on light nuclei is available. Theore-
tically, the interaction of s,;, and p,,, hyperon with the nucleons was studied: .
The excited states of hypernucleus “Z were considered as core excited states with
the hyperon in s or p orbit and the 4~ !Z nuclear core in one of its excited states.

On the other hand the approach to even-even and odd-even nuclei based on
exploiting boson and boson-fermion symmetries, and more generally supersymme-
tries, has received much attention in recent years®~!3, In a further step the boson-
-fermion dynamical symmetry and supersymmetry was extended to odd-odd nuc-
lei'®. In these considerations Schwinger or Holstein-Primakoff SU(6) boson
realization can be used!3-19),

Here we introduce the idea of boson-fermion dynamical symmetry and super-
symmetry for hypernuclei.

+ This project was assisted by U. S. National Science Foundation under Grant no. YOR -
80/001
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2. Basic boson-fermion group chains for hypernuclei

Let us consider a particular case of a hypernucleus 4Z (4 odd) with an odd
(quasi) proton, odd (quassi) neutron and hyperon in the configurations with the
same angular momentum j = 1/2, coupled to the even-even boson core 4-3Z
which is characterized by one of dynamical symmetries associated with SU(6)
bosons. The system is described by the group U®B (6) ® UF= (25 + 1) @ UF (25 +
+ 1) ® UF4 (25 + 1) with the SU (3), SU(5) or SO (6) boson group chains.

The associated boson-fermion group chains for hypernuclei are
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The basis states associated with each group chain appearing in (1—3) are cha-
racterised by the quantum numbers which label the irreducible representations
(irreps) of the corresponding groups. In forming the boson-fermion chain we have
employed a pseudoorbital-pseudospin decomposition, analogous to the one previous-
ly used in the boson-fermion treatment of odd-even nuclei!® '3, The correspon-
ding labels are & and s, respectively. The boson-fermion groups labelled by BF’
and BF are without and with pseudospin part, respectively.
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For a given N, the total number of s and 7 bosons (or, equivalently, the maxi-
mum bumber of quadrupole phonons), which labels totally symmetric irrep of
U8 (6),(N,0,0,0,0,0), we determine the allowed values of other quantum numbers
by applying standard group theoretical methods!?!®. The basis state correspon-
ding to the chain (1a) which presents the highest boson-fenmon dynamical symme-
try associated with SO (6) boson core are labeled by

IN, Dy, S, %, (61502503), (T4, Tz)’_L',}’ M) @

where the quantum numbers label the irreps of the groups U® (6), UF (4), UF (2),
SOB (6), SpinBF’ (6), Spin®F’ (5), Spin®F (3), Spin®F (3) and Spin®F (2), respec-
tively. Here, Dy = {dim}F SU (4). In Table 1 we present the calculated quantum
numbers for N =0, 1, 2, 3.

TABLE 1.
N Dy, S) Z (01502, 03)%F (74, T2)PF 2L’ 2%
0 4,0 0 (1/2, 1/2, 12 /2 1/2) 3 3
a, 12 0 (0, 0, 0)* (0, 0)? 02 12
1 @0 1 (32 12 12 (3/2 12) 1,51 7,5 1
1/2, 1/2) 3 3
32, 1/2, —1/2) (1/2, uz) 3 3
1,122 1 (1,0, 02 (1, 0)2 42 52, 32
(0, 0)? 02 12
2 4,0 2 (/212,12 ¢/2142) 11,9753 11,9,7,5,3
312,123 1,51 7,5 1
172, 1/2) _ 3
(312, 1/2,1/2) (32, 1)2) 17,5, 1 7, 5 1
172, 1/2) 3 3
0 (12, 1/2, 1/2)  (1/2, 1/2) 3 3
a, 1/2)* 2 (0, 0, 0)2 (2, 0)2 82, 42 92, 72, 52, 32
(1, 0)? 42 52, 32
(0, 0)? 032 12
0 (0, 0, 0)* ©, 0)2 02 12
3 @4 0 3 (@72 1)2,1)2) (/2 1/2) ;5, 13, 11, 9%, 15, 13, 11, 92,
55, 7,53
G2, 1) 11,9,7,5 3 11,9, 7,5, 3
312 12) 1,5,1 7,5, 1
1/2, 1/2) 3 3
(512, 112, —1/2) (52, 12)  11,9,7,5 3 11,9,7, 5, 3
(312, 1)2) 7,51 7,5 1
‘ 172, 1/2) 3 3
1T (312 12, 1/2) (3/2, 1)2) 17,5, 1 7,51
a/2, 1/2) 3 3
(1/2, 1/2, —1/2) (1/2, 1/2) 3 3
a1, 122 3 (3,0 002 3, 0)? 122, 82, 62, 02 132, 112;9%,7%;
72, 525 12
(2, 0)3 82, 42 93, 72, 52, 32
(1, 0)* 42 52, 32
(0, 0)? 02 12
a, o, 0)? (1, 0)2 42 52, 32
(0, 0) 02 12

The quantum numbers of the basis states (4) for a hypernucleus.
The label ¥ denotes the angular momentum of the hypernuclear levels.
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The boson-fermion chains (1—3) will be referred to as partially coupled sche-
mes. In addition, there are boson-fermion chains where the pseudoorbital and pseu-
dospin group couple first, i. e. with the chain ends

b lp
| SUet2) @ sug(a)
B \ /
s09(3) suF(2) (5
N/ )
sp1nBF(3)
sr1aB(2)

associated with the SOB (6) and UB (5) core, and with the chain end
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associated with the SUB (3) core. These chains will be referred to as weakly coup-
led schemes. The basis states for the scheme (5) associated with SOB (6) core are

[N, 9L S5 M) (N

which label the irreps of the groups U® (6), SOB (6), SO®B (5), SO®B(3), SUF(2),
Spin®F (3) and Spin®F (2), respectively. In Table 2 we| present the calculated quan-
tum numbers (7) for N = 0, 1, 2,3.

3. Boson-fermion dynamical symmetries and supersymmetries for
hypernuclei

If the Hamiltonian for the hypernuclear states can be written in terms of the
Casimir operators of the groups appearing in any of the chains (1—3, 5, 6) the ener-
gy eigenvalues are given by the eigenvalues of the corresponding Casimir operators.
In these cases we obtain for each boson-fermion symmetry the corresponding
hypernuclear energy formula in terms of the quantum numbers labeling the irreps
appearing in the group chain. The parameters appearing in the energy formulas
can be determined in several ways: i) by fitting to the experimental hypernuclear
levels (when available), ii) by a microscopic derivation starting with a nucleon-nuc-
leon and nucleon-hyperon interaction, iii) by a supersymmetry approach.

214 FIZIKA 17 (1985) 2, 211—217



HUBSCH AND PAAR: THE APPROACH TO. .

TABLE 2.
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The quantum numbers of the basis states (7) for
a hypernucleus. The label ¥ denotes angular mo-
mentum of the hypernuclear levels.

The supersymmetry approach will be based on the assumption that hypernuc-
lear levels belong to the supersymmetry multiplets together with nuclear levels.
Previously, the supersymmetry approach was used for even-even and odd-even
nuclei?’ and was extended to encompass also the odd-odd nuclei!#. Now we sug-.
gest the extension of the supersymmetry to incorporate also the hypernuclei le-
vels. For j. =j, = ja = j the corresponding graded Lie algebra would be U (6/
27+ Dz @27 + 1)y ® (27 + 1)4). Owing to the fact that A differs from = and »,
this group should be regarded as broken to its subgroup U (6/(2/ + 1), ® (27 +
+ 1)4) where the fermion sector is split into the direct product U= [(2/ + 1)?] ®
® U425 + 1), of which U= (2j + 1) ® U (25 + 1) @ U4 (2 + 1) is a subgroup.
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Keeping this in mind the totally supersymmetric irreps [Ny} would be labelled by
a new quantum number #, = N + M, + M, + M,.

It is interesting to note that there is a simple selection rule for A-decays 4 -
-+p+ K-, A -n + K° in hypernucleus, transforming the hypernucleus into
a nucleus. Namely because of j = 1/2 there is no totally antisymmetric irrep of
SU(2) and therefore only the basis - states (4) with D, = 4 and the basis states
(7) with S = 3/2 can undergo the hypernucleus -> nucleus transition.

In a similar way as in the j = 1/2 case, we can consider the hypernuclear sta-
tes with odd proton, odd neutron and hyperon in j = 3/2 configurations, coupled
to the boson core characterized by a dynamical symmetry!?:29, As an illustration
of nuclear/hypernuclear supersymmetry in that case, the nuclei $4Zn, ¢3Cu, $2Cu
and the hypernucleus ¢!Cu* would belong to the [#", = 4} supermultiplet, with
N=4, M, =M,=M4=0),(N=3 M,=1,M,=M,=0),(N=2,M, =
=, M,=1, My=0) and N=1, M.=1, M, =1, M, = 1), respectively.
Therefore, in such a case we obtain the %3/2 X v 3[2 X A3/2 spectrum of ¢!Cu*
by inserting into the hypernuclear energy formula the nonvanishing parameters
from the SU®F (5) parametrization for ¢3Cu!9,

Acknowledgments
The authors thank to Professors G. Alaga and B. Povh for useful comments.

References

1) B. Povh, Phys. B1. 40 (1984) 315;

2) R. H. Dalitz, Nucl. Phys. A354 (1981) 101;

3) C. B. Dover and G. E. Walker, Phys. Rev. C89 (1982) 1;
4) B. Povh, Comm. Nucl. Part. Phys. 11 (1983) 289;

5) H. J. Pirner and B. Povh, Phys. Lett. 114B (1982) 308; T. Yamazaki, T. Ishikawa, K. Yazaki
and A. Matsuyama, Phys. Lett. 144B (1984) 177;
6) C. B. Dover and A. Gal, Comm. Nucl. Part. Phys. 12 (1984) 155;

7) A. Gal, J. M. Soper and R. H. Dalitz, Ann. Phys. (N. Y.) 113 (1978) 79;

8) F. Iachello, Phys. Rev. Lett. 44 (1980) 772;

9) A.B. Balantekin, I. Bars and F. Iachello, Nucl. Phys. A379 (1981) 284;

10) R. Bijker, Thesis, University of Groningen. (1984);

11) M. Vallieres, H. Z. Sun, D. H. Feng and R. Gilmore, Phys. Lett. 1353 (1984) 339;

12) V. Paar, S. Brant and H. Kraljevié, Phys. Lett. 110B (1982) 181 ;-D. K. Sunko and V. Paar,
Phys. Lett. 146B (1984) 279;

13) P. van Isacker, A. Frank and Hong-Zhou Sun, Ann. Phys. 157 (1984) 183;

14) T. Hiibsch and V. Paar, Z. Phys. A319 (1984) 111; Phys. Lett. B, in print;

15) A. Arima and F. Iachello, Phys. Rev Lett. 35 (1975) 1069, F. Iachello and O. Scholten, Phys.
Rev. Lett. 43 (1979) 679;

16) D. Janssen, R. V. Jolos and F. Dénau, Nucl. Phys. A224 (1974) 93; V. Paar, S. Brant, L. F.'
Canto, G. Leander and M. Vouk, Nucl: Phys. A378 (1982) 41; V. Paar and S. Brant, Phys.
-Lett. 143B (1984) 1;

17) R. Slansky, Phys. Rev.. €79 (1981) 1;

18) M. Fischler, J. Math. Phys. 22.(1981) 637;

19) T. Hiibsch and V. Paar, Phys. Lett. B,in print;
20) T. Hiibsch and V. Paar, Z. Physik, in print.

216 FIZIKA 17 (1985). 2, 211217



HUBSCH AND PAAR: THE APPROACH TO...

PRISTUP HIPERNUKLEARNO]J] STRUKTURI ZASNOVAN NA BOZON-
SKO-FERMIONSKO] DINAMICKOJ SIMETRIJI I SUPERSIMETRIJI
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Uvedena je ideja bozonsko-fermionske simetrije i supersimetrije za' hiperjezgre.
IstraZivan je sluéaj s j. = j, = j4 = 1/2.
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