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Systematic studies of nuclei around mass 130 in the pair-truncated shell model
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Systematic studies are carried out for Xe, Ba, Ce, and Nd isotopes within the framework of the pair-
truncated shell model where the collective nucleon pairs with angular momentdQeand two (D) are
assumed to be the building blocks for even-even nuclei. An additional unpaired nucleon is added to the
even-even core for a description of odd-mass nuclei. It is found that energy spectra of the low-lying states are
nicely reproduced along with intraband and interb&2dransitions, which simulate the typical features of the
Q(6) limit of the interacting boson model.

DOI: 10.1103/PhysRevC.69.054309 PACS nuner21.10.Re, 21.60.Cs, 21.60.Ev, 27 6.

I. INTRODUCTION mation in this region. A widely used tool for describing the
_ ) _ odd-mass nuclei is the interacting boson-fermion model
Nuclei around mass 130 have many interesting feature BFM) [30]. The simplest version of the IBFNIBFM-1)
such as high-spin isomers, backbending phenomena, evely,q niied to negative and positive parity states of the odd-

qu _e;’l((jergf:]y staggermgd ?f quayzlbandslcaufsed (ijy a Sf?f:]_mass Xe and Ba isotopes, and the complicated level schemes
triaxial deformation, and features recently referred to as “chi electromagnetic properties were well reprodufed.

ra] bands. Morepver, bgta decays n Fh's region provide u sing different sets of single-particle orbitals, similar calcu-
with necessary information for predicting the abundance of,jions were carried out for the negative parity states of the
nuclei in the environment of supernova explosions. Thes?}uclei 123-1383 and!17-13%e [33], and for the positive par-
nuclei belong to a typical transitional region between spheri-It states of the nuclel?1-13Ba a’ndlzl‘mxe [32], and for

cal and deformed shapes. The even-even nuclei in this regi th positive and negative parity states of, the nuclei
seem to be soft with regard to the deformation with an 121-13, [34]. Similarly, the IBFM-2 calculations were per-

almost max_imum _effeqtive triaxiality .0%39"_[112]- Sif‘c_e formed for the odd-mass Xe and Cs isotofi&s,3q, and Ba
they are neither vibrational nor rotational, it is very difficult ;" o isotope$37]. These approaches could also qualita-
to treat them in terms of conventional mean field theories. tively describe the evolution of the collective motions and

The low-lying states, showing a rich collective structure o, iiations of single-particle degrees of freedom in this mass

in this region, were investigated extensively in terms of Va”'region. Recently, the systematic study in the- 130 nuclei
ous models, such as the interacting boson matieM) was performed in terms of the FDSM6], and energy spec-

[2-13, the fermion dynamical symmetry modéFDSM) tra of . ;
. positive parity states were well reproduced. In order to
[14-1§, the pair-truncated shell mod@TSM) [17-22, and investigate the validity of a microscopic derivation of the

the nucleon-pair shell mod§23-26. Some phenomenologi- gy and IBEM Hamiltonian, Yoshinagat al. calculated the

cal IBM calculations as in Re[._6_] show that the excitat.ion energy levels of the singly closed even-even and odd-mass
spectra of the even-even nuclei in the Xg-Ba Mass region Cafy,cjej inA~ 130 region in terms of the shell model, the IBM
be well approximated by the ) dynamical symmetry of ;4 |BFM, and the PTSNR1]. It was shown that the PTSM
the IBM. However, as suggested by REL3], the nuclei o4 |BEM calculations quantitatively reproduce the shell
around this region might ha\_/e an intermediate Structure be&g,,qe| results for the odd-mass nuclei, and the truncation
tween the 5) and SU3) limits. The present scheme pro- scheme for theSD pair plus one-particle space provides an
vides a theoretical method to settle the differences betweefo tive and minimal shell-model space
tSe55eSd|ff3erent IBM _appfroachﬁs, C}he{ﬁ) approgch and the ", yhig paper we first construct many-body states for even-
h( )-SU(3) one coming rr?m the egr_eeﬁqfsod Bess_sm_ce even nuclei within the framework of th&D version of the
the microscopic approach truncated in h@ndD pairs IS prgy gng carry out an extensive study to search for the best
directly connected to the microscopic foundation of the IBM. offective interactions around mags=130. The PTSM is a
'Odd-mass nuclei in mas!;~ 13.0 region often ShO.W COM- model beyond mean field theories and has the feature that the
plicated level schemes, which arise from the coupling of Colyy 46| conserves particle numbers and angular momenta of
lective and single-particle degrees of freedom. One of th,q giates. In order to find a best set of interactions within the
approaches first used to explain the experimental propertigstqy the,? fitting is carried out for the low-lying states of
was the p.artlcle tngmal core mod[ﬂ?—zq. Its apphqaﬂon even-even Xe, Ba, and Ce nuclei to determine the strengths
to the Ba isotopes indicated the importance of triaxial defor-Of the pairing plus quadrupole type interactions. The
strengths of the interactions are assumed to be smooth func-
tions of the proton numbe£ and the neutron numbét. The
*Electronic address: yoshinaga@phy.saitama-u.ac.jp obtained interactions are applied to both Nd isotopes and to
"Electronic address: higashi@phy.saitama-u.ac.jp odd-mass nuclei without any further change.
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The paper is organized as follows. In Sec. Il, the frame- |S D7) = (SH"s(DT)"d|- ), (6)
work of the PTSM and its effective interaction in the model o ) )
space are presented. In Sec. Ill A the PTSM calculations ar@hereJ indicates the total spin of the many-body stajds
carried out for Xe, Ba, Ce, and Nd isotopes with mass & quantum number which is necessary to uniquely specify
~ 130, where the effective interactions are smoothly changetl® state, anas+nq represents the number of valence pairs
as functions of valence particles. In Sec. Il B we extend thdor @ specific nucleus. Here angular momentum coupling is
PTSM for an application to odd-mass nuclei, and carry Oupa_lrrled out exactly, but for simplicity it is not denoted ex-

calculations for Xe, Ba, and Ce isotopes. Principal resuits ar8licitly. _ _
summarized in Sec. IV. In order to describe open-shell nuclei, we use the above

states in both neutron and proton spaces to couple them to
the state with total angular momentuin The total state is

II. FRAMEWORK OF THE PTSM AND ITS SD-PAIR expressed as follows:

TRUNCATION

=D Ng ®)
In the shell model calculation, the number of configura- (@) =[IS,D33,7,) @ [SEDZI )], (@)
tions increases exponentially with the number of partiC|eswhereﬁ:2(ﬁ+ﬁd) andN_=2(n-+n,) are numbers of va-
14 S ™ S

and the treatment becomes soon infeasible for the presept, o e\ tron-holes and valence proton-particles, respec-
computers. Therefore, if the number of valence nucleons 'ﬁvely ’

large, a treatment by the full-fledged shell model has to be As an effective interaction, we employ the monopole and

abandoned, and a truncation of the space or some sort aLadrupole pairing plus quadrupole-quadrupole interaction

approximation is required. + S !
In the first stage of the PTSM, we truncate the Collective(P QQ). The shell model Hamiltonian is written as

subspace to the space which is constructed only in terms of H=H,+H, +H,,, (8)
collective SandD pairs. These pairs, as building blocks of

the model, are defined in terms of pair-creation operators aghereH,, H., andH,; represent the neutron interaction, the
proton interaction, and the neutron-proton interaction, re-

s=> a 10, (1)  spectively. The interaction among like nucledtis (7=v or
j ar) consists of spherical single-particle energies, monopole-
pairing (MP) interaction, quadrupole-pairin@QP) interac-
DI/I =2 ,lejzAIA(Z)(jljz)a ) tion, and quadrupole-quadrupdl®Q) interaction, i.e.,

2 H.=S & .cl c..— Gy PIOPO-G, PI2 . P2
where the structure coefficients and 8 are determined by ’ jm Jrimem T T !
variation in the present approach for each nucleus. Here the ~k:Q.- Q. (9)
creation operator of a pair of nucleons with total spiand Ter owm
projectionM is defined as follows: where :: denotes normal ordering. Here the monopole-
pairing operatoPi(O), the quadrupole-pairing operatd?%‘f),

Al (4o =[cl 19, 3 £ _
w2 =[c;.6;,] ) P\? and the quadrupole operatQ¥,, are defined as
wherec! represents a single-particle creation operator in or- e
bital j for protons and a single-hole creation operator for pro="» LA&O)(“), (10)
neutrons. In this atomic mass region we treat neutrons as j 2
holes and protons as particles so thet82 andZ=50 be-
come the nearest closed shells. These pairs are constructed t(2) _ T2
. Pys = i A , 11
in each neutron or proton space separately. M7 jlzszjlb - (11]2) (19
The structure coefficients and 3 are determined so as to
maximize the collectivity of th&s andD pairs. More explic- =2 M@
itly, the structure of the collectivé pair is determined by Pu-= (=) P (12)
variation for ann-pair state/S"y=(S""-),
— = 72 — (= 1~
XSTH|SH =0, (4) QMT‘jEj Qiyiol €5 it Gy = (= 171
112
which is considered as a number conserved BCS equation in (13
each neutron or proton space. Hek#,is an interaction
among like nucleons. In the second step, with use of the Gallr2Y @)
S-pair obtained above, the structure of the collectivgair Qu,=~— = (14)
is determined by Vo
-1 -1\ — whereAT(J)(j 1J») stands for the creation operator of a pair of
XS'DH|S™'D)=0. (5) M7

nucleons given by Eq3). We assume that the interaction
Using the collectiveS and D pairs thus obtained, a many- between neutrons and protoHs,, is just given by theQQ
body state is constructed as interaction,
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TABLE |. Adopted single-particle energies for neutron holes 1 .
and proton particles, which are extracted from experinid&t4Q L Ba
(in MeV). -

] 2512 Ohy1p0 1d3, 1ds/, 0972

. 0.332 0.242 0.000 1.655 2.434
. 2.990 2.793 2.708 0.962 0.000

€

&

HV7T == KVﬂ'QV ' Qw' (15)

The harmonic oscillator basis states with the oscillator pa- P T — 1
rameteb=+\%/Mw are employed for the single-particle ba- i = 0072 1
sis states. I ]

I1l. NUMERICAL INVESTIGATION
A. Even-even nuclei

In our scheme Xe, Ba, Ce, and Nd isotopes are treated as R
systems of several valence proton particles and neutron holes o ."—_.__-._——.———. ssessesrurs =
coupled to the doubly closetf’Sn core. Since the valence 72 74 76 78 80
neutron holes(proton particles occupy the @, 1ds,, N
1dg,, Ohyq5, @and %, orbitals, we take into account the 50
<N(2)=<82 configuration space for neutron@rotons,
where valence neutron@rotong are treated as holgpar-
ticles). The adopted single-particle energies, listed in Table I,
are extracted from experimental excitation energies in Refdarticles. The determined functional dependences are as fol-
[38-40Q. lows (G, of MP interaction in unit of MeV, ands, of QP

To determine the strengths of the interactions we followinteraction and« of QQ interaction, both in unit of
the following steps. First, several sets of candidates for efMeV/b%:
fective interactions are searched to get smaller values of the —
following x? values: Gy, =0.160-0.01(N,,

X2 = 2 WD Eexpr(I7) = Ein (3D, (16) Gy, = 0.017 + 0.0005N._,

whereW(J") is a weight function for théth state with spin
J and parity 7, and Eg,(J7), experimental energies and
Ew.(J7), theoretically predicted energies by the PTSM. As

FIG. 1. Structures oB, and S, pairs in terms of valence five
orbitals. The sum of all ther's are normalized to 1, i.e%;; j2:1.

x,=0.075 - 0.0015\_,

for the fitting energy levels, we take low-lying states of GOW:O.ZOO—0.0101—0.005N7T,
the even-even nucleit?®13%e, 1301383, and 32713Ce.
Here we exclude Nd isotopes since it is quite time con- G,,=0.010+ 0.00IN,,

suming to calculate them. We takéJ") =0 for those lev-
els which are not experimentally confirmed. The assumed
values of weight functions are listed in Table Il. Next, we
apply each set of interactions to the nucléixe, **®Ba,
13%Ce, and¥2713Nd, and take the best set of effective
interactions to describe these nuclei. _
The strengths of the effective interactions are assumed tohereN,, indicates the number of valence neutron holes and
be smoothly changed as functions of the numbers of valenc,,, the number of valence proton particles. This choice of
the strengths of interactions givg$ value =0.442 for 104
TABLE II. Adopted weight functionsM(J™) for x2 fiting (in  |€VelS_of even-even nuclef?>~Xe, 12671Ba, 10715Ce,

x,=0.014 + 0.006N,

K, =—0.044 - 0.00N,, (17)

MEV_Z). and l32—13§\|d_
Figure 1 shows the structures 8f and S, pairs for Ba
N.+N o 4t 6" o 3 4 5t isotopes. As seen from the figure the main component of the
v ™ 1 1 1 2 1 2 1 HH H ; H
S, pair lies in @y, orbital while components are spread out
8 1.00 1.00 0.16 1.00 0.64 0.25 0.09 mainlyin 1ds,, 2s;,,, and (4, for the S, pair. This can be

10 1.00 100 064 100 064 025 o0.09 easily inferred from the adopted single particle energies in
12-20 1.00 1.00 1.00 1.00 064 025 009 Table I._ Figure 2 sho_ws the structures@f and D, pairs,
respectively, for Ba isotopes. As seen from the figure the
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FIG. 2. Structures oD, andD . pairs for Ba isotopes in terms of valence five orbitals. The sum of alpthare normalized to 1, i.e.,
S 2,80, =1.
11=12 400

main component of th® . pair is in the @y, orbital while  oretical ground- and quasiband energies smoothly de-

components are spread out idsf, 2s;,, and Oy, for the  crease as a function of the number of neutron holes, which

D, pair. well reproduces the experimental behavior except forNhe
Figure 3 shows energy spectra of yrast and quasands =72 isotones. Also the energy-staggering of quabands is

for Xe isotopes. Experimental data are taken from R&f].  well reproduced except for tHg=72 isotones.

We obtain a good agreement with experiment up to spin 6. The E2 transition operator is defined as

Energy spectra for Ba isotopes are shown in Fig. 4. We see a

better agreement with experiment, compared to Xe isotopes,

because quadrupole collectivity becomes more dominant. T(E2;n) =€,Quu + €:Qny, (19
The experimental energy staggering for the even-spin and
odd-spin members of the quagiband, indicatingy instabil- ~ wheree. (r=v or ) represents the effective charge of the

ity, is well reproduced except thg=72 nucleus;!?®8a. For  nucleon, and the operat@, is taken as the quadrupole op-

the N=80 nucleus;**Ba, a higher spin pair plays an impor- erator with the oscillator parameté=1.005AY6 fm . The

tant role because the quadrupole collectivity is not so domieffective charges are assumed to follow the conventional

nant near the closed shell. relatione,=-85e ande,=(1+4)e [43], and the adopted val-
The spectra for Ce isotopes are shown in Fig. 5, and thosggg are5:O.60+0.05ﬁ +N.).

for Nd isotopes, in Fig. 6. All four Figs. 3—6 show that the- LT

4

3
=7
m
1.
7% so 72 76 80 7% so 72 76 80
N N
FIG. 3. Energy spectra of the yrast and quadiands for Xe FIG. 4. Energy spectra of the yrast and quadiands for Ba
isotopes as a function of neutron numibér isotopes.
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| Xe | Ba -~ PTSM

-o- expt.

3
=7
m

1 -

O ) 72 76 80

N N

FIG. 5. Energy spectra of the yrast and quadiands for Ce FIG. 7. B(E2) values from the ground state to the first &ate
isotopes. for Xe, Ba, Ce, and Nd isotopes.

In Fig. 7 the calculated3(E2) values from the ground B. Odd-mass nuclei

state to the first 2state for Xe, Ba, Ce, and Nd isotopes are . . .
compared with experiment. Experimental data are taken Fpradescrlptlon (?f odd-mass nuclt_e|,we add an unpaired
from Ref.[42]. The overall trend is well reproduced, but we particle t.o theSD pair core qnd consm_ier a8D pair plus
have no good agreement with experiment T2iNdy,. We one-particle state. The state is now written as

infer that the calculated deformation is still small compared

to the experimental one. Afté=74 the nuclei rapidly de- jSsD"J7) = [c]|S™D™Y )], (19
velop deformation, and we may need higher spin pairs such
asG pairs to get larger deformation. wherelJ is the total spin, andy an additional quantum num-

Table 11l shows relativeB(E2) values between low-lying ber. The number 2+ 2n4+1 represents the total number of
states for'*Ba,'¥Ba, and'*®Ba. It is seen that the theoreti- valence particles. We use E€L7) for the strengths of the
cal results reproduce very well the experimental data, whiclinteractions.

simulate the @) limit prediction of the IBM. In Ref.[13], Figure 8 shows energy levels of odd-mass Xe isotopes.
some B(E2) values were calculated for’®Ba. There they The experimental data are taken from R@fL]. Our calcu-
claimed that theB(E2;0; — 2;) is equal toB(E2;0;,— 2;). lation successfully reproduces the mild change of the order-

In our calculation we observe th&E2;0;— 2;) is much ing of 3/2; and 1/2 states between the three Xe nuclei. The
smaller tharB(E2;0; — 2}). This does not mean to deny the ordering of 11/2 and 9/7 is reversely predicted fof**Xe,
statement by Ref{13] because we observe that these ratioout fairly well reproduced for3!Xe and**¥Xe. Experimen-
depend largely on the strength of tkgP interactions. For tally in *%Xe, 11/Z is higher than the ground state 3/2
instance, in**Ba, this ratio is almost equal to 1 and there is while our model predicts 1172to be the ground state. For

a large discrepancy between theory and experiment. the ordering and position of these negative-parity states we
may need an octupole interaction, which is missing in the
present calculation. Figure 9 shows energy levels of odd-
mass Ba isotopes. Like Xe isotopes, the smooth change of
ordering is seen for the 3]2nd 1/Z states. The ordering of
3/2; and 5/2 is reversely predicted for*3Ba and**Ba, but
their absolute positions are well reproduced.

Some calculations were also done for Ba and Xe isotopes
by the FDSM [16]. In these calculations, energies of
positive-parity states were well reproduced, but no energy
levels of negative-parity states were given. Figure 10 shows
energy levels of odd-mass Ce isotopes. Concerning the first
5/2* state of**"Ce, our calculation seems to fail in reproduc-
ing the experimental energy, but theoretically we predict an-
other 5/Z state at around the corresponding energy, and the
0 L L experimental observation might correspond to this theoreti-

2 76 80 N & 76 80 cally predicted level. Although reproducing energy levels of
odd-mass nuclei is much more difficult compared to even-

FIG. 6. Energy spectra of the yrast and quadiands for Nd  even nuclei, the agreement is rather well, considering the fact
isotopes. that the effective interactions are solely determined for even-

4
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TABLE lll. Comparison of relativeB(E2) values between low-

lying states for3*Ba 1®%Ba, and'®®Ba. Experimental data are taken

from Refs.[44-44.

134Ba 1384 130 Q6)
J—J7 PTSM Expt. PTSM Expt. PTSM Expt.
2;—2; 100 100 100 100 100 100 100
—0; 33 092 <001 274 0014 6.27) O
3;—2, 100 100 100 100 100 100 100
—47 16 =26 23 386) 31 223) 40
—2; 51 11 10 26) 064 456 O
4,2, 100 100 100 100 100 100 100
—37 7.9 42 <50(11) 0.36 0
—47 22 73 37 78100 66 54100 91
—2] 84 24 48 18 22 234 O
5,—3;] 100 100 100 100 100 100 100
—45 60 55 <457) 48 46
—6; 10 13 24 45
—4;7 0.053 <0.01 =2.23) <0.01 0
0,—2;, 100 100 100 100 100 100 100
—2; 107 35 91 <071 0028 33) O
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¥Ba 1%°Ba '*Ba
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— uz - 72 72 -
w2y UE R 19027\ 1712 BEC
92 17/2 &2 MR .
152y 1527 122 ey 12 =i . 22
=02 13727/ — 72> 42 —152
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13/ = 502 s - 2 -
1l . Tzl - 22 W2ge| L — 12
N 92 g Bz — 572 VRS
— | )1 e —uz| g2 572 =512 N 132
%J /2 — 92 a2t ="
= - - + N 772 *
= 1372 32" gy S 5/3" 1327 {72y 172
o == = 2T S 1572
— 52t 1512 2 - a2 s
L2 w — | — 1572 n |
0.5[ @) 42 72 | 52 =2 o2 o
. 52
172 | )
/1o 52 712 32y /2 112
S e (52)° e 12" s
= oz 9/2”
ok — 12t 432 32 2 | gt ATV
expt. PTSM expt. PTSM expt. PTSM

FIG. 9. Comparison of energy spectra of odd-mass Ba isotopes
between theory and experiment.

free nucleorg factors attenuated by a factor of 0.7. These
ratios are the same as those in H&2] and the values are
fixed through all nuclei concerned in this paper.

The experimentally known magnetic moments are com-
pared to the calculated values in Table IV. For positive parity
states, the magnetic moments are well reproduced except for
the 1/Z states of?*Xe and’*!Ba, which are seven-neutron-

even nuclei and no further adjustment is made for odd-masBole systems. This might be due to the fact that single-

nuclei.

particle levels with positive parity are easily admixed by

A lot of information about odd-mass nuclear states is ob-quadrupole deformation which is expected to be large in
tained through magnetic moments for which the operator iseven-neutron-hole systems. The magnetic moments of nega-

defined as

M= N 2 [g€rj7+ (gST_ g€T)ST]:

=V,

(20)

whereuy(=efi/2mo) is the nuclear magneton, agd.(gs,) is
the gyromagnetic ratio for orbital angular moment(spin).

The operator$, ands, stand for the angular momentum and

tive parity states are in excellent agreement with experiment.
This clearly shows that negative parity states of even-odd
nuclei consist mainly of neutronhg,,, orbital and the neu-

tron spin part largely contributes to the magnetic moments.

IV. SUMMARY AND CONCLUSIONS

spin operators, respectively. The adopted gyromagnetic ra- Up to now many theoretical investigations have been car-
tios for orbital angular momentum agg,=0.05,g,,=1.05,
and those for spin arg,,=—2.68 andgs,,=3.91, which are

L Xe_ |
" + - 1172 -
1321572y 52 1
- . —182
sz i8R
= 1219
L2 s
wer e =
(13/2) TS
1+ 2o
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05 (5i2)
| &2 |
I 52)
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ried out on even-even nuclei with mass around 130, which
exhibit many interesting features coming from the soft tri-
axial deformation. However, there is a limited number of

1.5 Ce - 4 Ce 152 | Ce o
i [k 82 1yz 19/2° " 92
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FIG. 8. Comparison of energy spectra of odd-mass Xe isotopes
between theory and experiment. Left hand and right hand show FIG. 10. Comparison of energy spectra of odd-mass Ce isotopes
experimentexpt) and theory(PTSM), respectively.

between theory and experiment.
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TABLE IV. Comparison of the magnetic moments in the PTSM states in*3?Ba amounts to 697 252 966. On the other hand,
with experiment(Expt). The experimental data are taken from the number of the corresponding PTSM states reaches only

Refs.[47-51].
Nucleus Jr Expt. PTSM
12%e 1/2 -0.7779768) -0.367
3/2; +0.588) +0.208
11/2; -0.89122284) -0.906
18le 3/ +0.69152) +0.515
11/2; -0.9940486) -1.00
133e 3/ +0.813407) +0.868
11/2 -1.0824715) -1.05
18133 1/2 -0.70916) -0.381
9/2; -0.87018) -0.860
13383 1/2 -0.77714) -0.625
3/2; +0.51(7) +0.514
11/2 -0.91051) -0.972
13%Ba 312 +0.837943817) +0.878
11/2 -1.00%15) -1.04
187ce 3/ +0.964)% +0.918
11/2; -1.01(4)% -0.996

59.

For even-even nuclei, the subspace of the shell model
space is built by thes and D pairs. For a description of
odd-mass nuclei, an unpaired neutron is added to the even-
even core. As realistic applications of the PTSM to Xe, Ba,
Ce, and Nd isotopes, we have used an effective interaction
which varies smoothly as a function of neutron and proton
numbers. Spectra of both yrast and quadiands are repro-
duced very well, along with intraband and interbaB(dE2)
values. We have also applied the same interaction to odd-
mass nuclei, and good agreements are obtained for both en-
ergy spectra and magnetic moments.

In the present approach we have concentrated on the low-
lying states of Xe, Ba, Ce, and Nd isotopes. In order to treat
high-spin states including backbending phenomena, we need
to extend our model to include high spin pairs coming from
Ohy,, orbital. For the nucleu$®Ba, such a calculation was
already carried out and backbending phenomenon was suc-
cessfully reproduced22]. The systematics using high-spin
pairs within the framework of the PTSM is now in progress.
Another interesting aspect around this region is the contro-
versial argument about the settlement of differences between

%Only the absolute values are known for the measured magnetidifferent IBM approaches, @) approach and (5)-SU(3)

moments oft3"Ce.

microscopic researches on odd-mass nuclei due to the diffi-
culty of a theoretical treatment. Here we have proposed th
PTSM which can systematically treat even-even and odd
mass nuclei on the equal footing. The PTSM has the feature

one, mentioned in the introduction. Our scheme can provide
a microscopic method to answer this question by carrying
8ut a fermion-boson mapping. This will be one of our next

Important projects.
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