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In this paper we investigate the role of single-particle energies on the low-lying staté8af a typical
O(6) nucleus in the IBM and the fermion dynamical symmetric mod&SM). It is found that one can
reproduce the physical quantities of a realistic system with nondegenerate single-particle energies using de-
generate single-particle levels and a slightly different parametrization of the two-body interaction. However, if
the single-particle splittings are enlarged by a factor of 1.5, tt@-likke behavior of the nucleus is lost and a
model that assumes degenerate levels cannot describe its collective structure. Contributions from interactions
other than monopole and quadrupole pairing and a quadrupole-quadrupole force are found to be unimportant.
Although the role of the abnormal-parity level depends on the details of the single-particle structure, its effects
can be “compensated” by using different Hamiltonian parameters and degenerate single-particle levels in a
FDSM treatment.

PACS numbes): 21.10.Re, 21.60.Ev, 21.60.Fw, 27.69.

I. INTRODUCTION culations[4,5] within the SDPM successfully reproduced the
IBM (O)(6) properties of the***8a and'**Xe, both for
Through the great success of the IBI], it has been the energy spectra arR transition rates. From the point of
recognized that collectivBandD pairs(or perhapss D, and  view in the shell model, the calculation p4] is more real-
G pairs in rotational nuclgiplay a dominant role in the low- istic than that of[5] in several respectg1) Reference4]
lying collective structure of medium-heavy nuclei. In the yses more appropriate signs for the neutron-proton
IBM these collectiveSandD pairs are approximated asand  quadrupole-quadripole interaction and for the effective neu-
d bosons for the sake of simplicity. A similar model, the tron charge than5]. (2) The parameters of th&DPM
fermion dynamical symmetry mod&fDSM) [2], uses SB6)  Hamiltonian used if4] were in closer accord with those of
or SO8) symmetry-dictatecsD pairs as building blocks of a  frequently used interactiong3) The overall fit with the ex-
truncated shell-model space. perimental data such as binding energies, excitation energies,

Recently, an algorithm for the nucleon pair approximationg transition rates, and nuclear radii[i] were superior to

of the shell mode[3] was proposed. If one restricts 8D the previous calculations.

nucleon pairs, this algorithm is reduced to t8B pair ap- A study of question(Ill) using the nucleon pair approxi-
proximation of the shell model, or th® and D pair shell  mation of the shell model is in progress. In this paper we
model (SDPM). The S and D pairs of theSDPM, unlike  discuss questiorill) by studying3Ba. In the FDSM the
those of the FDSM, have no restriction of dynamical sym-normal-parity single-particle levels reduce to just one or two
metry in nucleon pair structure. In other words, the structurgjegenerate orbits in spite of the fact that they are not degen-
coefficients of theSD pairs can be arbitrary. As a conse- erate in the shell-model single-particle basis; there are 8nly
quence, the FDSM can be regarded as a special case of tharis on the abnormal-parity level. The residual pairing in-
SDPM. This property of th& DPM makes it a nice tool with  teraction is dominant by the monopole and quadrupole terms.
which some basic questions concerning nuclear collectivityWe use the calculation ¢#] as the starting point to address
can be investigated. For exampl¢) Can the behavior of the following three questions, which are related to key as-
dynamical symmetries be reproduced using nonsymmetrgumptions of the FDSM:

dictated nucleon pairs®) How well do the assumptions in (i) What is the effect of the nondegeneracy of realistic
the FDSM work for realistic nucleiélll) How well do vari-  single-particle energies on dynamical symmetry?

ous boson mappings work in microscopic studies of the (ii) What is the effect of the abnormal parity levels on
IBM? Answers to these questions would be helpful in pro-nuclear collectivity?

viding an increased microscopic understanding of the IBM (iii) Is the residual pairing interaction dominated by its
and the FDSM. monopole and quadrupole pairing?

The answer to the questidi) is affirmative. Recent cal- This paper is organized as follows: In Sec. Il we describe
how to truncate the nuclear shell model space toSbepair
subspace. In Sec. lll we study the effect of single-particle

*On leave from Department of Physics, Southeast Universitysplittings, and the consequences of neglecting the $on-
Nanjing 210018, P. R. China. Electronic address: ymzhagairs on the abnormal-parity level are studied in Sec. IV. Up
@rikaxp.riken.go.jp to this point, we assume that the interaction between like
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valence nucleons contains monopole and quadrupole pairing 3

and a quadrupole-quadrupole component and that the inter- PIO= %(C;r(,x che,

action between protons and neutrons has a pure quadrupole- lo 7

guadrupole form. In Sed/ a hexadecapole pairing interac-

tion and a hexa_decapqle-hexz_:ld_ecapo_le interaction are PIT(Z):E q(jj ,)(ij XC]_T )2, (5)
introduced, and their contribution is investigated. All the cal- Ty 4 4

culations are carried out using the parametergddfas the o S
starting point. Conclusions and a summary are given in Sec. When we consider in Sec. V the role of pairing interac-
V1. tions of the multipolarity >2 order, we will use the nota-

H N _ AN pT(Z A
tion VA=gMpIM. pN) “\where
Il. THE SD SUBSPACE AND HAMILTONIAN

. . . PIV= y* (cl xcl),
The creation operators of collectivé@ and D pairs are 7 2 yanU( lo Ja)

defined to be Jolo
) G e
N 270 ety cho Yi =~ - = Jolob appjr-12:
S —g JU_I(CIXCJ) , lo) N /4(2)\+1)7T ju_l/ZJa
(6)
1 Likewise, particle-hole interactions of multipolarity
T__ T H
D'=5[Q.S'], (D) > will be defined by
Ao _ NAA. A\
where theu; and thev;, are the unoccupied and occupied Vo= #oQ0 Qo ™
amplitudes(for orbit j), respectively. They are obtained by v, o qi b
solving the Bardeen-Cooper-Schrief@CS equation. We with Q;; given by
denote this ag= /2] + 1 throughout this paper. THg in the N
above equation is the quadrupole operator, defined according QZZ 2 Y; Uj(’T(CjUX CJ[,)A- ®)

to joly

- Ill. CONTRIBUTION FROM
_ 2v\/2 T _ HE T T2
Q—Ey (ar?Y?y)ClC,=2 q(jj)(C{XT[)% THE SINGLE-PARTICLE SPLITTINGS
@ i’
The realistic shell-model Hamiltonian contains a nonde-
Here, a=(nljm) and y=(nl'j’m’) denote the single- generate single-particle energy term, as prescribed by experi-

nucleon states and mental datg7]. In the FDSM the effect from the single-
particle splittings is ignored in order to generate a closed
—yitu2 . algebra. If the contribution from the single-particle splittings
q(jj")= 2—\/Tjj ’le,zvj,,l,2<NI|r2|Nl’). is important, the FDSM truncation would not be reasonable
m no matter how well it fits the experimental data.

The validity of neglecting contribution from the single-
Cjzf,zﬁj,_l,z is a Clebsch-Gordan coefficient. Note that in Egs.particle nondegeneracy has been checked for two cases. Kir-
(1) and(2), we omit for the sake of simplicity the subscripts son and Leviataf9] showed that introducing a realistic non-
o= or v for proton and neutron, respectively. The abovedegeneracy of single-particle levels has only a small effect

definition has the same form for both. on the S@5)XSU(2) dynamical symmetry. Wit al. [10]
The Hamiltonian we consider is the sum of the following showed that the S@3) symmetry is preserved quite well
three terms: even for highly nondegenerate single-particle splittings. For
no other cases than these has the importance of the single-
H=H_+H,+xQ, Q,. (3)  Particle splittings been investigated.

Since the @) properties are successfully reproduced in
d[4] with the inclusion of single-particle splittings, we can
investigate in that model the extent to which these dynamical
symmetry properties are preserved under artifigialt not
outrageous adjustments of the single-particle splittings. If

H ., andH, are the Hamiltonian for like valence protons an
neutrons, respectively, and take the form

H,= 2 € CJfr C, +g£;-0)Pjr(O)P(?) the variation of these §p|ittings has only a small effect on the
i, 0 le e ‘ calculated results, which furthermore can be compensated by
2oH2) o2 a rgasonable adjustment of the parameters of the Hamil-
+95 Py Pyt k,Q0 Qy, (4 tonian, one can conclude that the omission of the single-
particle splittings issafe On the other hand, if the ®) be-
where havior cannot be restored, even with a fairly large adjustment
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TABLE |. Single-particle levels for protongparticlelike and
neutrons(holelike) adopted fron{6].

j 9712 dsp, dsp N1 S112
€, (Mev) 0 0.963 2.69 2.76 2.99
€, (Mev) 2.434 1.655 0.000 0.242 0.332

of the parameters. This would imply that the splittings could

not be ignored, and that for such cases the FDSM truncatios;

could not provide a good approximation to the shell model.
To address this issue, we define adjusted single-particle

energies to bexe;,, in terms of a single parametes where
€j, are single-particle energies used[#] and are given in

Table I. «=0 corresponds to degenerate single-particle en-

ergies, ande= 1.0 to the realistic single-particle splittings.

Figure 1 shows the general trend of the calculated energy-

spectra, with the experimental data in paral. The re-
sults in panels(b)—(f) assume G,=-0.180MeV, G,
=—0.131MeV, k=0.06 MeVk§, «,=«x,=0.045MeVty,
G2=G%=-0.03MeVkj, and ri=#/M,wy=1.01"°
fm?. Those in panelg) assumeG,=G,=—0.160MeV,
with all other parameters the same. The valuea assumed

for each panel are given in the caption. The corresponding

results forE2 transition rates are given in Table II.

We see that the calculated spectra compress smoothly a
slowly with the decreasing at. It is interesting to note that
the calculatedB(E2) values also change very ‘“slowly”
with « in panels(b)—(f) even when we use the same set of
parameters in the two-body interaction. It means that th
general behavior of the IBM @) properties are preserved
even with fairly significant changes in the single-particle
splittings change drasticallr decreasing from 4:0). The
regular and slight changes in the energy levels that arise
ignoring the single-particle splittingsy=0) can be restored
using G,= —0.160 MeV, as shown in panég). Note that
the fit is good if one empirically keep&,.=G, when «

lo

12
1o

T3

loy 1oy

[N

la

loy Jo,
le

[CIEN
MY
&
Ia

o

E(MeV)

leals
16 i

Is
oy
[
(IR P
l=,
e
1>
ISR RS

1=
Ing @

® o In
S,
lo
1S 1N

v
—
=

()

{

=
=

FIG. 1. Excitation energy levels changing with (a) Experi-
mental datajb) a=1.0; (c) «=0.7; (d) «=0.5; () a=0.2; (f)
a=0.0; (g) «=0.0. We use the same set of paramete®s, (
—0.180MeV, G,=-0.131MeV, «=0.06 MeVky, «k,=k,
=0.045MeVi3, G2=G%=-0.03MeVkg) for (b)—(g) except
that G,=—0.16 MeV in(g).

Ba)2(e)

e
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TABLE II. The relativeB(E2) values for the even Ba isotopes.
The experimental data are taken fr¢&]. Refer to the text for the
explanation of each case.

J—J;  Expt. Q6 (b (© (@ (@@ O (©
0 — 2, 100 100 100 100 100 100 100 100
-2 0 0 12 <01 05 21 30 <01
2; — 27 100 100 100 100 100 100 100 100
- 0f 02 0 01 <01 08 31 46 <01
— 25 100 100 100 100 100 100 100 100
— 4 73 40 342 36.0 37.3 384 39.0 351
— 27 02 0 <01 09 44 126 16.5<0.1
47y — 23 100 100 100 100 100 100 100 100
— 37 0 <01 06 23 54 71<01
— 47 75 91 941 102.1 100.1 83.2 75.0 94.3
-2 22 0 12 19 21 18 15<01
{ — 3] 100 100 100 100 100 100 100 100
— 45 46 53.7 532 47.2 37.0 33.6 332
— 67 45 412 415 382 321 309 273
— 47 0 05 27 60 105 12.3<0.1

=0, or G,,~G, whene is very small.

It is also interesting to see the critical valuewfor which

the general features of the(® symmetry disappear. Figure
shows the calculated results fora
=1.0,1.3,1.5,1.8,2.2, assuming the two-body interaction pa-
rameters to be as in Figs(l)—1(f). Clearly, whena>1.5,

the Q(6) behavior is quickly lostTable Il shows the corre-
Sponding results foE2 transition rates Even with a fairly
large adjustment of the two-body parameters, it is not pos-
sible to describe th&2 rates and energy levels with a de-

bscription that ignores the single-particle splittings. This result

thdicates that the contribution of the single-particle term in
the Hamiltonian would be very important in the low-lying
properties of'*2Ba [an Q(6)-symmetric nucleus in the IBM
and the FDSM were the single-patrticle splittings more than
1.5 times larger than for a realistic Hamiltonian.
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FIG. 2. Excitation energy levels changing with Left-hand
side: experimental datéa) a«=1.0; (b) «=1.2; (c) «=1.5; (d) «
=1.8; () «a=2.2. We use the same set of paramefeese(a) of
Fig. 1] in the Hamiltonian for@)—(e).
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TABLE Ill. The relative B(E2) values for the even Ba iso-

topes. 6 w 4
3—J @ (b) © © 5 . w : -
0; — 25 100 100 100 100 100 4 £ & ‘ -
- 2F 1.2 6.3 152 792 48837 -~ ) £ £y @ s
25 — 27 100 100 100 100 100 = °F e & 28, £ s ]
~ 0 o1 05 09 26 15.9 =, ex oeme o emy T e T w fra ]
3f - 2§ 100 100 100 100 100 L LR S g0 5E &t
. 4f 342 311 272 216 171 S T T R
—2{ <01 05 11 2.7 8.1 oz . £ z A
47 -2 100 100 100 100 100 T oo @ © © @ ©
— 3] <0.1 <0.1 <0.1 0.4 51
+
: ‘211 914'21 <8§f gSéO 3471 :%4 .FIC_;. 3. Comparison o_f excitation energy I_evels with the_lftbn-
N ! ) : ' ) ' pairs in the abnormal-parity level and neglecting these Siqairs.
50 — 3 100 100 100 100 100 (@ @=1.0 (with the nonS$ pairg; (b) a=1.0 (without the nonS
— 4, 53.7 51.2 50.4 473 51.0 pairs both for proton and neutrpnc) = 1.0 (without the nonS
— 6] 41.2 38.2 355 30.1 204 pairs only for protol (d) &= 0.0 (without the nonsS pairs both for
— 47 0.5 <0.1 0.7 3.2 7.5 proton and neutron () «= 0.0 (without the nonS pairs both for
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proton and neutron For case(e), we useG,=—0.150 MeV, «
=0.06 MeVk§, x,=—0.038 MeVi§, G2=—0.034 MeVik§. For

The results support the conclusions[@f] that realistic ~ other cases, the parameters in the Hamiltonian are the same as those
single-particle splittings do not produce much symmetry(@ of Fig. 1.
breaking. On the other hand, they also suggest that for
single-particle splittings not that different from those of atings. In this section we show that if one omits nSipairs in
realistic Hamiltonian, significant breaking of thg& sym-  the abnormal parity level with the single-particle levels un-
metry would occur for nuclei in thé50-82 shell. touched, it may be difficult to restore the original physics,

In [10] it was suggested that in tH@26-182 shell only  because the contribution from these n®npairs in the
when the single-particle splittings were enormdrsughly  abnormal-parity state depends sensitively on the structure of
ten times the observed splittingwould the effect of S(B)  the single-particle levels. On the other hand, if we use de-
dynamical symmetry breaking be significant. Our resultsgenerate single-particle levels, the omission of the &on-
however, set a much smaller upper linit1.5) in order to  pairs in the abnormal-parity level can be compensated by the
preserve the B) symmetry approximately. We note here use of slightly different parameters in the two-body interac-
without further details that the above single-particle splittingtion. This suggests that the approximation of neglecting the
effects would be smaller if we artificially enlarge the pairing non<S pairs from the abnormal-parity level is rather safe for
interaction parameters.

TABLE IV. The relativeB(E2) values for the even Ba isotopes.

IV. CONTRIBUTION FROM

The experimental data are taken fr¢&].

THE ABNORMAL-PARITY LEVEL

The relative contributions of nucleons in the normal-

Ji*h]f

@

(b)

(©

(d)

(e

a=10 a'=10 =10 a'=0 a,=0 Expt.

parity and abnormal-parity states in a major shell of the low-,+

. - L . > — 2; 100 100 100 100 100 100
lying structure of medium-heavy nuclei is another topic of L ooF 12 162.5 10 56 <01 02
great contemporary interest. In the early works of the FDSM__, 21 1(')0 10(') 160 1(')0 1'00 '100

. —

[2] and the pseudo-SB) model[11], nucleons in the abnor- “? 01+ 01 54 01 113 <01 0
mal parity highj state were usually approximated to be e ) ) X ) ’

S . ﬁ* — 25 100 100 100 100 100 100
coupled to seniority O states and the remaining nucleons irrt 2
normal-parity states of a particular valence shell are permit- — 41 34.2 25.1 34.1 20.6  31.8 73
ted to deform. Although this shunting of nucleons in the =~ — 2, <01 38 <01 37.0 <01 0.2
abnormal-parity states to a very minor role can be compen4. — 2, 100 100 100 100 100 100
sated for by increasing the overall “normalization” constant, ~ — 3; <01 145 07 1001 <01 -
this success may not be used to validate this simplification. A — 47 94.1 542 106.0 956 1249 75
more essential issue is how the omission of the Squairs — 27 12 6.1 34 372 <01 22
in the abnormal-parity level affects the level structures of5] — 3; 100 100 100 100 100 100
low-lying collective states and thE2 transitions between — 43 573 122.3 53.6 1043 776 -
them. This is not a trivial issue, since the omission of gon- — 6] 412 39.8 418 153 614 -
pairs from the abnormal-parity level may “destroy” a dy- — 4f 05 35 2.0 60.7 <0.1 -

namical symmetry, as we saw for the single-particle split
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132Ba, the @6) nucleus on which we are focusing. The rea-
son is that the FDSM neglectsoth non-S pairs in the T 10 iy ]
abnormal-parity level and single-particle splittings. I ]
In Fig. 3[panels(a) and(b)] and Table IV[columns(a) 4 10°
and (b)], we compare the calculated results including the r
non-S pairs in the abnormal-parity level with those that ne- <& 3| Y
glect them. We are unable to reproduce the relafifetran- (O
sition rates among the states listed in Table IV even if all the= 2 |
parameters are adjusted over a fairly vast range. This behaid | sy
ior may be understood as follows. From Table I, we see that 1k Y

the abnormal-parity levein(j =55%) of the valence neutron

holes lies rather low in energy. As a consequence, the struc
11 11

ture amplitudey (5 % 0) of the S pair is rather larggthe
largest among thg,(j1j10)’s]. Similarly, from Eq.(1), we

11 11 FIG. 4. Excitation energy levels with the hexadecapole pairing
See_ t.haty’,,( 2 2 2) must bi Iirge compared to _th? Otherand hexadecapole-hexadecapole force and results without these
Yy(1)22)’s. If one takesy,(7 7 2) to be zero artificially,  terms.G%=—0.4 MeV, x,= —0.3MeV, other parameters are the
the D pair structure change®o muchfor the same physics same as those of Fig. 1a) Experimental data(b) calculational

to be restored. Thus, the pair structure, i.e., the truncation qgsuits without the hexadecapole ternts) calculational results
the subspace, is very important for the symmetry behavior ofith these hexadecapole terms.

the SD pair shell-model calculations.

To make this point clearer, we consider the case of proto
single-particle levelgrefer to Table ), where the abnormal-
parity levelh, 4, is rather high compared to the normal-parity

single-particle levels, so that (3 4 2) is relatively small.
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If'4,12], the residual interaction between like nucleons con-
sisted of monopole pairing, quadrupole pairing, and a
guadrupole-quadrupole force. In a recent st(itl¢] of the
microscopic foundation of the IBM, the residual interaction
®etween like nucleons included a hexadecapole pairing and a

see that, in this case, omitting ndhpairs [in the hqq,] hexadecapole-hexacapdlEgs. (6) and (7), A =4] interac-

(column 9 does not change the results as much as omitting. : ‘ .
the nons neutron abnormal-parity paifgb) in Fig. 3 and %ion as well. In[5] either a surface delta interacti¢8DI) or

Table IV]. Therefore, for nuclei with bothy;,. andhyy, monop(_)le pairing were used for the res_idual interaction be-
high lying in the valence shelke.g., the 50-82 sheglland in tween like valence nucle_o_ns. A companson[é] and|[13]
which both the valence proton and neutron numbers are b&HoWs that monopole pairing is dominant, but that the con-
low Q [QZEJ(H%)], the symmetry behavior should be tribution from quadrupole pairing is not negligible. The
well preserved even if nos-pairs in the abnormal-parity quadrupole-quadrupole force between like nucleons does not
level are omitted. Indeed, this symmetry behavior under sucfontribute in a significant manner to the excitation energies,
circumstances would be well maintained even if the same séiut it does have an important effect on tB transition
of parameters in the Hamiltonian are taken and one uses tiiétes. In this section we show that the contribution from
above method to construct ti8D subspace. hexadecapole pairing and a hexadecapole-hexadecapole
The above results suggest that the symmetry behavior dbrce is rather small. This indicates that the Hamiltonian in
the SD pair approximation is rather dependent on the single{4,12] is sufficient to describe the low-lying excitations of
particle structure. In the FDSM, na$ipairs in the abnormal- nuclei in theA~ 130 region.
parity level are omittedogether withthe use of degenerate In Fig. 4 and Table V we compare the results of &2
single-particle energies. It is interesting, therefore, to see thgansition rates and excitation energy levels with hexadeca-
effect of neglecting the no&-pairs in the abnormal-parity pole pairing and the hexadecapole-hexacapole interaction ei-
level when using degenerate single-particle levelsdjrand  ther included or omitted in the Hamiltonian. The hexadeca-
(e) of Fig. 3 and Table IV, we give the results that omit the pole terms are given in Eq6)—(8). Here we use the same
non-S pairs in the abnormal-parity level under the restnctlonGU' G2, , and x, as in[4] in both cases. We choose the

o

to «=0. In column(d), we use the same parameters as iNgyengths of the hexadecapole terms to be of the same order
column(a). The agreement with the results in coluii@are g in[14], namelyG* = 0.4, x* = 0.3 (both in units of MeV.

not good, especially for th&2 transition rates. In column  xq is"clear, the calculated results change very little, and the
(e), the parameters are adjusted slightly, using the empiricaly iy tions from these two terms can be neglected when
restriction of symmetric parameters between the proton anfdymnared with those from the other terms. As an example

neutron degrees of freedom. This is seen to improve the fif o \inqin ;
. . 13 ) g energy increases by only0.6 MeV when we
dramatically. The ©6) behavior of***Ba is reproduced very include these two terms. When we include the hexadecapole

well in (e). pairing and hexadecapole-hexadecapole force separately, the
same conclusions emerge. This can be used to validate the
Hamiltonian of{4,12] for low-lying excitations in nuclei of
the A~ 130 region. Note that this conclusion is true only for

In the FDSM it is assumed that pairing interaction islow-lying excitations in medium heavy nuclei. For other
dominated by its monopole and quadrupole components. Inases it still needs to be examined.

V. CONTRIBUTION FROM THE MULTIPOLE PAIRING
AND Q*-Q (A=4)
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TABLE V. The relativeE2 transition rates with the hexadeca- able manner. On the other hand, if the splittings are artifi-
pole pairing and the hexadecapole-hexadecapole force and the reially enlarged by a factor of 1.5 or more, théB8Dbehavior

sults without these hexadecapole terms. of the nucleus is destroyed. This suggests that one should be
careful in applying the FDSM to an arbitrary realistic
Ji—=Js @ (b) Expt. nucleus, since one cannot be sure in advance that it will
0; — 2} 100 100 100 produce the correct collective structure. o
~ or 12 0.9 0.2 We then consu_jered t.he effect of omitting nSrpairs in
28— 2 100 100 100 the abnormal—parlty orbitals for neutrons and protons, an-
~ ool 01 05 0.2 other assumption of the_FDSM. We find that 'ghe effect of
35 _ ot 100 100 100 thes:_a nor_zS abnorm_al-parlty pairs depends sensitively on the
1 2 precise single-particle structure of the nucleus. Nevertheless,
- 41+ 34.2 33.6 3 the Q6) behavior of**?Ba is maintained in calculations that
. - 21+ <0.1 0.2 0.2 ignore the nonS pairs, as long as one uses degenerate single-
4; — 2, 100 100 100 particle levels at the same time, as indeed is done in the
— 37 <0.1 <0.1 - EDSM.
— 4] 94.1 89.9 75 Finally, we considered the possible contributions of inter-
— 27 12 0.6 2.2 actions other than monopole and quadrupole pairing and
57 — 37 100 100 100 quadrupole-quadrupole force. Such interactions are found to
— 45 57.3 51.2 - be unimportant in this nucleus.
— 6] 41.2 39.1 - Overall, therefore, our calculations suggest that the as-
— 4] 05 0.2 - sumptions made in the FDSM are quite reasonable for the

0O(6) nucleus’®Ba. These results encourage one to go fur-
ther. It is possible to derive the FDSM Hamiltonian param-
VI. SUMMARY AND CONCLUSION eters, which are rather schematic and taken as more or less

In this paper we have investigated several key assumﬁfe?|y in previoqs studi.es, from the shell—mod(_al Hamiltonian.
tions of the fermion dynamical symmetry model, by making This problem will be discussed in a forthcoming paf3].
use of theSD pair shell model. We focused on the nucleus
13283, a typical @6) nucleus in the IBM and FDSM, and
used the Hamiltonian parameters[d{ as the starting point.

We first investigated the effect of the single-particle split-  One of the author$Y.M.Z.) would like to thank the Sci-
tings, which is omitted from the Hamiltonian of the FDSM. ence and Technology Agency of JapeTA Contract No.

We find that the physics of low-lying states##Ba whichis 297040 for supporting this project. We would like to thank
derived from a realistic set of single-particle energies can b&rofessor Stuart Pittel for his careful reading and discussions
reproduced using degenerate single-particle levels if the twosf the manuscript, and Dr. Yutaka Watanabe for his kind
body interaction parameters are adjusted in a not unreasohelp in plotting the figures.
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