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Isospin structure in Ge
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Abstract The interacting boson model-3(IBM-3) has been used to study the low-energy level structure and
electromagnetic transitions of ®*Ge nucleus. The main components of the wave function for some states are
also analyzed respectively. The theoretical calculations are in agreement with experimental data, and the ®Ge
is in transition from U(5) to SU(3).
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1 Introduction The subgroups Uy(5),0.4(6) and SU,4(3) describe vi-

brational, y-unstable and rotational nuclei respec-
Nuclei with N =~ Z have been a subject of in- tively.

tense interest during the last few years.' ®. The
main reason is that the structure of these nuclei pro-
vides a sensitive test for the isospin symmetry of nu-
clear force. The interacting boson model (IBM)® ®
is an algebraic model used to study the nuclear col- The IBM-3 Hamiltonian can be written as!”

lective motions. For lighter nuclei, the valence pro-

2 The IBM-3 Hamiltonian

tons and neutrons are filling the same major shell H=es+eanat Ha, (1)
and the isospin should be taken into account, so where
the IBM has been extended to the interacting bo- 1
son model with isospin(IBM-3)""). In the IBM-3,three Hy = 5 > Cryn[(@fdh)=" - (dd)*>"]+
types of bosons including proton-proton(7t),neutron- LoTy
neutron(v) and proton-neutron($) forms the isospin 4 ZBOT [(s's1)0%2 - (88)°72] +
T=1 triplet. The dynamical symmetry group for :
IBM-3 is U(18), which starts with U.,(6) x U.(3) (51127 . (d3)2":
and must contain SUr(2) and O(3) as subgroups ZA2T 4 - (d8) ] +
because the isospin and the angular momentum are o
good quantum numbers. The natural chains of IBM-3 ﬁ Z Do, [(sTd")?™2 - (dd)*"2] +
group U(18) are the following)™” ) T
U(18) > (U.(3) > SUx(2))x 5 2 Gon [(s's)"™ - (dd)™), 2)
T3
(Usa(6) D Ua(5) 2 0a(5) 2 0a(3)),
U(18) > (U.(3)  SUx(2))x and
(U4(6)2 0.4(6) 5 04(5) 2 04(3)), ()17 - (55,27 = (1) ++72)
U(18) > (Ue(3) > SU=(2)) x VLo +1)(2T>+1) x [(b{bl) 272 - (bb, ) F272]%0
(Usd( ) ) SUsd( ) D) Od(?’)) (B(lm,mz) = (_1)(l+m+l+m2)b(l77n77nz)

Received 3 September 2008
* Supported by NSFC(10547003, 10765001) and Key Scientific Research Fund of Inner Mongolian Educational Bureau
(NJZYO07155)
1) E-mail: hbbai@vip.sina.com
© 2009 Chinese Physical Society and the Institute of High Energy Physics of the Chinese Academy of Sciences and the Institute
of Modern Physics of the Chinese Academy of Sciences and IOP Publishing Ltd



Suppl. 1

BAI Hong-Bo et al: Isospin structure in 8Ge 41

where the symbols T, and L, represent the two-boson
isospin and angular momentum, respectively. The pa-
rameters A, B,C, D, and G are the two-body matrix
elements
Ar, = (sd20 | Hy | sd20),T, = 0,1,2; By, = (s*0T% |
H, | $*0T%),Gr, = (s*0Ty | Hy | d*0T%), Dy, = (sd2T5 |
H, | d?2T5) and Cp,q, = (d*LyTy | Hy | d*LyTy), with
T,=0,2,L,=0,2,4;Cr,1 = (d*Ly1 | Hy | d*L,1) with
L,=1,3.

IBM-3 Hamiltonian can be expressed in Casimir
operator form, i.e.,

HCasimir = )\CQUSd(G) + aTT(T+ ]‘) +
a1Chu,5) +a3Casu_,(3) +
a2C50,(5) +04C20,4(5) +a5Co, (3)- (3)

8]

The low-lying levels of'® ® nucleus can be described

by the following Hamiltonians,
Heasimir = —0.019C5y_ 6y +1.46T (T +1) +
0.1556C'1y 5y +0.14C55p,3) +
0.155Coy, 5y +0.115C50 5y +—0.127Co y5).  (4)

3 Energy levels

The energy levels and wave function are given by
the computation program written by Van Isacker™".
The parameters of the calculation are listed in Table
1.

Table 1. The parameters of the IBM-3 Hamil-
tonian of the ®®Ge nucleus.
edp(p=m,v,0) 4.836
esp(p=m,v,d) 4.207

A;(i=0,1,2) -5.34 3.442 3.442
Cio(i=0,2,4) -5.246 -5.461 -5.234
Ci2(1=0,2,4) -3.541 3.334 3.526
Ci(i=1,3) -2.712 -3.982
B;(i=0,2) -5.878 2.882
D;i(i=0,2) -1.048 -1.048
Gi(i=0,2) 1.253 1.253

The calculated and experimental energy levels!?

are exhibited in Fig.1. When the spin value is below
8", the theoretical calculations are in agreement with
experimental data.

We have analyzed the wave function of the 07,27
and 47, they are:

10F) = —0.64444 | 5*5%) +0.3676 | 5 s+
0.3184 | sts2d?) —0.1592 | s2s,.d,ssds) + - -,

|2]) = —0.4581 | s35xdx) +0.3239 | s3s2d, +
0.2290mids, s5dy )+ -,

|4F) = 0.4062 | d2s1) — 0.2872 | s,dy s3ds)+
0.2623 | s2s,d,dsss) —0.2364 | s3s,.d3) + - .

We found that the main components of the wave
function for the states above are s¥, sV=1d, sV=2d?
and so on configurations. The wave function of these
states contain a significant amount of 6 boson com-
ponent, which shows that it is necessary to consider
the isospin effect for the light nuclei.
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Fig. 1. Comparison between lowest excitation
energy bands of the IBM-3 calculation and ex-
perimental excitation energies of 8Ge.

4  Electromagnetic transition

In the IBM-3 model, the quadrupole operator was
expressed as!'¥:

Q=Q"+Q", (5)

Where
Q° = aoV3[(s'd)* +(d8)*] + FoV3(dTA)*,  (6)
Q' = V2(s'd)* + (TSP + AV (7)

The M1 transition is also a one-boson operator
with an isoscalar part and an isovector part
M=M°+M", (8)

Where
M° = gov/3(dTd)*° = g, L//10, (9)

M= gv/2(dTd)*. (10)

For the ®Ge, ay = 3, =0.12, a; = 3, = 0.102eb,
go = 0,05 , g, = 2.5 respectively. Table 2 gives the
electromagnetic transition rate calculated by IBM-3.

Table 2 shows that the calculated B(E2) values
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Table 2. Experimental and calculated B(E2)
(e*fm*) and B(M1)(ug) for 5®Ge.
T B(E2) B(M1)
Exp. Cal. Exp. Cal.
2 —of 29022 299.06
25 —o0f 297 0
25 —2f  7.09 0 0.007 0
1§ —2f 345.74 0.2541
4f —2f 22921 184.87
45 —2f 825 170.99

are quite close to the experimental ones!'?. The
calculated quadrupole moments of the 2} state is
Q(21)=0.3256eb. From the IBM-3 Hamiltonian ex-
pressed in Casimir operator form, we know that the
%Ge is in transition from U(5) to SU(3).

5 Conclusion

The interacting boson model-3(IBM-3) has been
used to study the isospin states and electromagnetic
transitions for %¥Ge nucleus. The main components
of the wave function for some states are also analyzed
respectively. The calculated quadrupole moments of
the 27 state is 0.3256eb. According to this study,
the %8Ge is in transition from U(5) to SU(3). The
calculated results are compared with available experi-
mental data, and they are in general good agreement.

The authors are greatly indebted to Prof. G. L
Long for his continuing interest in this work and his
many suggestions.
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