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SD-pair Shell Model Calculation of Even-even Mo Isotopes*
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Abstract; The SD-pair shell model was applied to study the even-even® Mo—

100 Mo.’ It is found thét

with the SD pair determined as 0}t and 2; states of a two-valence-nucleon system with a Hamiltoni-

an, which contains the single particle energy term and the Surface-Delta interaction (SDI) between

like nucleons, the collectivity of low-lying states can be described reasonably.

Key words: SD-pair shell model; spectrum; E2 and M1 transitions

CLC number.: O5712, 33 Documber code: A

Recently, a nucleon-pair shell model (NPSM)’

(3 Tt is found that the compu-

has been proposed
ting time increase drastically with the increase of
The success of the interacting

boson model? indicated that the full shell model

the model space.

space could be truncated to SD pair subspace.
Therefore, as an approximation, the NPSM was
truncated to SD-pair subspace, which is called SD-
pair shell model (SDPSM)E 4,
sults shows that the SDPSM can reproduce the lim-
This model

was also used to study the even-even. Xe and Ba

Our previous re-

iting cases of the IBM very well® 8,

isotopes, which is in the region of 50—82 shells for
both proton and neutron sectors, and the results
show the collectivity of low-lying states can be de-

(7> %] In this paper, we will exam-

scribed very well
ine the goodness of the SDPSM for even-even
$=19Mop, for which the proton sector is in the re-
gion of 28-—50 shells and it is in 50—82 shells for

neutron.
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A rather simple Hamiltonian was used

H=H

—VQG) — Vi) —kQ*(x) « Q (W) ,
= Eeaam,, 0= T,V (D
V() = Vsm(o‘) = 4nGo 2 0(2;), 6 = nyv
i>j=1
Q = D)riY ., ¢ , (2)

i

where , Vi (6)s 6=n(v), is the surface delta in-
teraction between like nucleons. G, and % are the
strength of the SDI interaction and quadrupole-
quadrupole iriteraction strength between proton
and neutron, respectively,

The E2 transition operator is
T(E2) = e, + . e

where e, and e, are effective charges of proton-hole
and neutron, respectively, The M1 transition oper-

ator is
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CTMD) = T(MD, + T(MD, , . (4)
T(MD), =, /%r G, gy, (5

and the M3 transition operator-is

T(M3) = J-;—_l Zv(gEff Zr?[Y(Z)(r})l,-:](_” +

Lp
pP= Ty i€p
268 S YR (LY, p= oy (6)
. s€p : g o .
where gi's and g, are the orbital and spin effective

gyro-magnetic ratios, which are fixed as those in
Ref.--[9], i.e. g,=1, 'g,==0.0, g,=3. 910,
g.,= —2.678 (all in units of xk). The building
blocks of the SDPSM are “realistic” collective
pairs, denoted by A", » = 0,2, taken from the
0f and 2 eigenstates of a two-valence system with
a single-particle energy term :a:nd SDI term

A= Yy (ed*AC X CYYy 5 s (D)
- . ed - - E. .

(4

where y(cdr) are structure coefficients for the pair
A", The single particle energies, taken from
Refs. [10] and [11], are listed in Table 1. The pa-

rameters obtained by fitting the spectra are presen-
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ted in Table 2, from which one can see that al-
though the parameters are adjusted for each nucle-
us, they change with N, monotone and very

smoothly.

Table 1 The single-particle (hole) energies

for neutron (proton)

e/ MeV

P3)2 P2 89/2
0. 1.272° 1.927 _
&/MeV dss2 sz dap g1/2 h1ye
0 1.03 2.16 4.00

2,67

Table 2 The parameters used in the calculation

Nucleus G, G, k
% Mo 0.161 0.297 2 —0.160 1
% Mo 0.156 0.132 6 —0.303 8
% Mo 0.086 0.042 3 —0.320 6
- 10 Mo 0. 043 0.026 6- —0.294°2

B P

The spectra for * Mo—'°Mo are given in Fig.
1, from which one can see that the general agree-

ment between the calculation and experiment is

achieved.
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Fig. 1 The spectra for Mo isotopes. The experimental results are taken from Ref. [12].

As shown in Table 3, the B(E2) values are

1. 9 e for neutron and proton, respectively, which

given with the effective charges fixed at 1. 7 and  are determined by fitting the B(E2; 0 =21) for
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“Mo—!'"Mo. It can be seen that the B(E2) for the
4} =27 and 2} =07} can be reproduced very well,
and they all increase with N,. -
Except for the B(E2) values, the M1 transi-
tion is also given in Table 3. One can see that for
Mo, the M1 transition between 2 states were
dominated by the 2§ =27, and experimental result
can be fitted very well. For example, B(M1; 27 —
‘ZT Yex is 0. 484% » and it is 0. 482.% in the SDPSM.
But for the **Mo, it is seen that although the domi-
nant one is between 27 and 2{ states as that of the
experiment, the M1 transition are fragmented over
states.

several 27 One can also notice that the

SDPSM result is much larger than that of the ex-

periment. For * Mo, the largest M1 t;'aﬁsition
occurs between 2f —2{ and 25 —2{", respectively.
In the IBMU®} ) the 17 states are predicted as a
mixed symmetry state, characterized by large val-
ues of B(M1) and small B(E2) values, as shown
in Table 3, the B(M1; 1} —0;) for *Mo can be
reproduced very well,

Except for the M1 transitions, the M3 transi-
tion was also studied within the SDPSM. As
shown in Table 3, for Mo B(M3; 37 =0{) is
4, 946#?§1b2 » which is much larger than that of the
experiment, 0. 033,%b°. Table 3 also shows that
the M3 transition increase with N, and it is also

fragmented over several 3" states.

Table 3 . B(E2) (in units of (eb)’, B(M1) (in units of uf) and B(M3) (in units of ub*) transition values, The
expex;imental results for B(E2), B(M1) and B(M3) are taken from Refs. [13], [14] and [15], respectively

JF—=1f % Mo 9% Mo % Mo 100 Mo
Exp Theo Exp Theo Exp " Theo Exp Theo
B(E2)  Of —»2F ~ 0.2030(40) ~ 0.232 6 0.2704  0.287  0.2685 0.2702  0.5108 ~0.4219 °.
4F—>2f  0.067 0(100)  0.024 7 0.064 8 0.013 5 0.093 0
CBMD) 2 —2f 0. 06(2) 0. 148 0.191 8 0.017 6 0.003 2
252 0.48(6) 0.482 0.371 4 0.025 2 0.147 1
2¢ 2t 0.07(2) 0.001 5  0.178(10) 0.457 6 0.125 2 0.006 3
2F 2t 0.03(1>)  0.006 26 0.053 1 0. 008 3 0.014 5
1 —of 0.16¢1)  0.192'56 0.1466 1 . 0.149 5 0.1823
BM3)  3f -0 0.03 4. 948 12. 947 8,862 0.000 7
35 —>0f 0.079 1.404 4 0.339 4 28. 490

In summary, the low-lying states for even-
even *"Mo—'"" Mo have been investigated within
the framework of the SDPSM. 1t is found that the
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WE. ARSDAAMA A TER Mo MRMRENEAREE., RAY SD AL BT
KBE, DX FAMTHRA, B ANLREOMEHABKE, # SDXRY 07 A% 27 &,
BHATUAENHAEE Mo BIRMR A WEKRE,

KB RA.SDAEMA; i#; E2 5 ML ki

EREE.
53 MR M EG 248 TOF, B la kbW BIBMZE a, x, b XX EMAE; B 2 A 3
4 P B A (B R A D) .
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