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Isospin and mixed symmetry structure in 2*Mg"

LU Li-Jun(H3728)Y  BAI Hong-Bo(FA##t#) ZHANG Jin-Fu(5KE 5 )

(Department of Physics, Chifeng University, Chifeng 024001, China)

Abstract The interacting boson model with isospin (IBM-3) has been used to study the isospin excitation
states and electromagnetic transitions for 2*Mg nucleus. The mixed symmetry states at low spin are also

analyzed. The theoretical calculations are in agreement with experimental data. The present calculations
indicate that the SIF state is the lowest mixed symmetry state.
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1 Introduction

The study of the lighter nucleus is very impor-
tant. During recent years, Long G. L., Sun Y.!!
studied the superdeformed band in 3°Ar by the pro-
jected shell model and predicted the electromagnetic
transitions. Later this prediction has been verified.
Falih H.Al-Khudair,Y. S. Li and G. L. Long®? stud-
ied the properties of the 0F state and isospin exci-
tation in the N = Z nucleus %Se by the interacting
boson model (IBM-3). It is very important for un-
derstanding the nuclei nature in the lighter nucleus.
21Mg lies in the lighter nuclei region and is one even-
even N = Z nucleus. Many researchers have studied
the 2*Mg nucleus theoretically with different models
such as the self-consistent 3D-cranking model, and
the microscopic three-cluster model® *. By mak-
ing use of the interacting boson model (IBM-3), we
study the isospin excitation states, the electromag-
netic transitions and the mixed symmetry states at
low spin for Mg nucleus. The interacting boson
model (IBM) is one algebraic model describing the
nucleus collective motion, which was introduced by
Arima and Tachello. In the Bohr and Mottelson the-
ory (BBM), the nucleus is anentity with geometry
shape and the nucleus collective motion is studied
by using dynamic variables of the transformation pa-
rameters. The IBM reveals the new dynamic sym-
metric characters and establishes the wave functions
based on the degrees of freedom of boson and group
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method. IBM model is a very effective phenomeno-
logical model for describing low-lying collective mo-
tions of nuclei. In the original version (IBM-1), only
one kind of boson is considered, and it has been suc-
cessful in describing various properties of medium and
heavy even-even nuclei® *®. The proton and neu-
tron in the heavy nuclei lie in different major shells
and the bosons are further classified into proton-
boson and neutron-boson in IBM-2. In IBM-2, mixed
symmetry in the proton and neutron degrees of free-
dom has been predicted”! and discovered in electron-
scattering experiment!'?. Many theoretical investiga-
tions of mixed symmetry state have been carried out
(see, for example Refs. [13,14]). For lighter nuclei,
the valence protons and valence neutrons are filling
the same major shell and the isospin should be taken
into account, so the IBM has been extended to the
interacting boson model with isospin (IBM-3)"". In
the IBM-3, three types of bosons including proton-
proton boson (s.,d,), neutron-neutron boson (s.,d,)
and proton-neutron boson (ss,d;s). The three s-boson
and three d-boson form the isospin 7" = 1 triplet.
The microscopic fundament of IBM-3 is based on the
shell model™® ' The dynamical symmetry group
for IBM-3 is U(18), which starts with U,4(6) x U.(3)
and must contain SUr(2) and O(3) as subgroups be-
cause the isospin and the angular momentum are
good quantum numbers. The natural chains of IBM-3
group U(18) are the following!""!
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U(18) D (U.(3) D SUx(2))x

(Usa(6) D U4(5) D 04(5) D 04(3)),
U(18) D (U.(3) D SU(2)) x

(Usa(6) D 054(6) D 04(5) D 04(3)),
U(18) D (U.(3) D SUx(2))x

(Usa(6) > SUsa(3) 2 0a(3)).

The subgroups Uy(5), Os4(6) and SU,4(3) describe
vibrational, y-unstable and rotational nuclei respec-
tively.

In the lighter nuclei region where the protons
and neutrons are in the same major shell, the IBM-
3 can describe the low-energy levels of some nuclei
well and explain their isospin and F-spin symmetry
structure®® 23/, The 2*Mg is the even-even N = Z
nucleus which lies in the lighter nuclei region. By
using the IBM-3 model, it is easy to distinguish the
typical mixed symmetry states, which are caused by
the relative motions between proton bosons and neu-
tron bosons. The mixed symmetry states have im-
portant significance in the study of nuclear structure.
This paper is principally aimed at calculating and
discussing the isospin structure, and the mixed sym-
metry structure of 2*Mg at low spin in the IBM-3.

2 The IBM-3 Hamiltonian and the pa-
rameter

The isospin-invariant IBM-3 Hamiltonian can be
written as!*®
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Where T, and L, represent the two-boson system
isospin and angular momentum. The parameters
A, B, C, D and G are the two-body matrix ele-
ments. Ap, = (sd20|H,|sd20), T>=0, 1, 2; By, =
(s*0T,|Hz|s?0T), Gr, = (s*°0T3|H,|d*01,), Dy, =
(sd2T5|Hy|d?2Ty) and Cr,p, = (d?LyTy|Ho|d? LoTs),
with 7,=0,2, Ly=0, 2, 4; Cp,; = (d*Ly1|H;|d*L,1)
with L,=1, 3. The parameters A,, C};, Cs; are Ma-
jorana parameters which are similar to those in the
IBM-2. By making use of IBM-3, we assume 'O
as the core, so there are four valence protons and
four valence neutrons. In order to analyze the sym-
metry structures of **Mg nucleus, we have rewritten
the Hamiltonian in terms of a linear combination of
the corresponding Casimir operators. In the Casimir
operator form, the Hamiltonian is

HCasimir = )\CZUSd((S) + a/TT(T+ 1) + alclUd(5) +
asCasu, ,3) +a2C50,(5) +
a4C50,5 +asCo,(3) - (5)

Where A\ parameter can be used to determine the po-
sition of the mixed symmetry states. The parame-
ters in the Hamiltonian can be determined by fitting
to the experimental spectra. The low-lying levels of
24Mg can be described by the following Hamiltonians,

HCasimir 20'22402[]3,1(6) + 106T(T+ 1)—|—
0'0401Ud(5) — 0'14502SUsd(3)+
0'54‘502Ud(5) +0053020d(5) - OOICOd(S) .
(6)

The energy levels and wave function are given by
the computation program written by Van Isacker!.
The parameters of the calculation are listed in Ta-
ble 1.

Table 1. The parameters of Hamiltonian of 2*Mg.

€sy =Esx 2.014

€dy =€d, 4.931
A;(i=0,1,2) —4.372 —1.988 1.988
Cio(i=0,2,4) —2.716 —1.666 —3.846
Cia(i=0,2,4) 3.644 4.694 2.524
Ci1(i=1,3) —3.084 —3.184

B;i(i=0,2) —3.792 2.568

D;(1=0,2) 1.085 1.085

Gi(i=0,2) —1.297 —1.297

The calculated and experimental energy levels®”
are exhibited in Fig. 1. From Fig. 1 we can see
that when the spin value is below 8T, the theoret-
ical calculations are in agreement with experimen-
tal data. 2*Mg nucleus has large deformations. The
ratio E(47)/E(2]) = 3.01 is close to 3.3. The col-
lective motion of the nuclei shows rotation character
strongly. In the calculations, the ground-state band
shows the obvious rotation property and the result



No. 3

LU Li-Jun et al: Isospin and mixed symmetry structure in 24Mg 179

agrees with experiments. It is noticed that the iso-
tope exhibits backbanding in the ground band, which

can be explained by the collective backbanding pro-
posed in Ref. [26].
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Fig. 1.
and experimental excitation energies of 2*Mg.

From Fig. 1, we see that the 0 state is the band
head of an isospin excitation with 7' = 2, and it is
quite close to the experimental level. The 11 and 3]
states are identified in isospin T = 1 excited states
in our calculations. The calculated energy value of
3] state is 5.621 MeV, and close to the experimental
one of 5.235 MeV. It is found that the calculated 17
state at 5.256 MeV is lower than the experimental one
at 7.747 MeV. In the IBM-3 Hamiltonian one can fit
this level by changing the Majorana interaction with
Lo=1.

energy/MeV

Fig. 2. Variation in level energy of **Mg as a
function of C's1; all other parameters were kept
at their best-fit values.

The Cy;, C5; and A; are Majorana parameters,
the variation of which greatly affects the mixed sym-

Comparison between lowest excitation energy bands (T'=1T,, T, + 1, T, +2) of the IBM-3 calculation

metry states. Fig. 2 and Fig. 3 show that the 17, 3],
375 and 2] states are the mixed symmetry states. The
37 state is the lowest mixed symmetry state, whose
experimental energy level is 5.235 MeV. The main
components of the wave function for 17, 3}, 37 and
21 states are

115) = 0.8239|dys0drsy) —0.218]dysy (d2)s) —
0.218](d2)2dsx) +0.147|(d2) 4 (d2)4) +
0.206]3udedsS5) — 0.2031 |dy e (52)0) —
0.206|d,s,dsss) + - -,

137) = —0.8312|dyS,dnss) —0.1054|d,s, (d2),) —
0.1054|(d2)ads,) — 0.1772](d?)5(d2)) +
0.2078|5yddsss) — 0.2078|dysdsSs) + -+ - ;

137) = —0.47|sudds55) +0.47|dysdsss) +
0.1239|dyd(d2),) —0.6646|dud(s2)e) +
—0.21|dydndsss) + -+,

2F) = —0.3377|dydndsss) +0.3257|dyddsss) —
0.2388{|dus(d2)4) + [sd(d2)s) +
|dysy (d2)4) }+0.2303{|(d2)odrs) +
[svdy (d7)o) + [sudn(df)o) + [sudy (dF)o) }---

Where (d2), means that two (d,) bosons couple to
L = 2. The composition of the 17, 3, 37 and 2}
state is four bosons and each state contains a & bo-
son component. -7
ponent.

represents some smaller com-
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Fig. 3. Variation in level energy of **Mg as a

function of C'11; all other parameters were kept
at their best-fit values.

3 Electromagnetic transition

In the IBM-3 model, the quadrupole operator is
expressed as®":

Q=Q"+Q", (7)

where
Q° = agV3[(s7d)* +(d*8)*]+ BoV3[(dTd)]*, (8)
Q' = V(s ) + (d*5) ]+ BV ). (9)

The M1 transition is also a one-boson operator with
an isoscalar part and an isovector part

M=M"+M", (10)

where R
M° = gov/3(d*d)"° = gL/ /10, (11)
M' =g V2(d+d)", (12)

where g, and ¢, are the isoscalar and isovector g-
factors respectively, and L is the angular momentum
operator. For the 2*Mg, the parameters in the electro-
magnetic transitions are determined by fitting the ex-
perimental data, where ag = £,=0.0441, a;=0.0332,
£1=0.0452, go=0, ¢;=0.2335 respectively. Table 2
gives the electromagnetic transition rate calculated
by IBM-3.

The study shows that there is a deviation of elec-
tromagnetic transitions in high isospin and medium
and heavy nuclei. The g boson needs to be
introduced®®. 2*Mg lies in the lighter nuclei region.
The calculation results are shown in Table 2 without

g boson. Table 2 shows that the calculated B(E2)
values are quite close to the experimental ones.
The results show that g boson may not be needed
in the lighter nuclei region. As to the mixed symme-
try states JT_, their values of B(M1; J} — JI) are
larger, while the corresponding B(E2; J . — J) val-
Table 2 shows that the 17 and 3}
states are the mixed symmetry states as their values
of B(E2; 1{ — J}) and B(E2; 31 — J}) are smaller
but the corresponding B(M1) values are larger.

ues are small?.

Table 2. The experimental and calculated
B(E2)(e*b?) and B(M1)(u%) for **Mg.
Tt B(E2) B(M1)
! exp. cal. exp. cal.

27 —07  0.0087 0.0087

25 —0  0.0006 0.0017

25 — 05 0.0006

25 =25 0.0013(1) 0.0012 0.00528
27 =07 0.0002 0.0000

05 —2f  0.0002 0.0000

05 —24  0.0029 0.0029

17 —0f 0.00139  0.00139
17 —o0F 0.00048
17 —2f 0.0015 0.00135
1 —2f 0.0103 0.00000
3F -2  0.0009 0.0035  0.00003  0.00083
35 —2f 0.0079 0.00000
35 -4 0.0007 0.00351
47 —2f 0.0148(21)  0.0103

4f —of 0.0008

43 — 27 0.0004 0.0000

43 —25  0.0052(4) 0.0014

4 Conclusion

By using the interacting boson model with isospin
(IBM-3), we have calculated the isospin excitation
bands at low spin, electromagnetic transitions and
mixed symmetry structure of >*Mg. The IBM-3 cal-
culated results agree very well with the available
experimental data in low energy level. The results
conclude that the IBM-3 description of the low-lying
levels in the 2*Mg nucleus is satisfactory. The present
calculations also give the structures of the isospin and
mixed symmetry states for 2*Mg nucleus. The 17, 37
and 37 states are the mixed symmetry states, and
these states are the isospin excitation states, whose
isospin value is T=1. The 3] state is the lowest
mixed symmetry state.

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



No. 3 LU Li-Jun et al: Isospin and mixed symmetry structure in 24Mg 181

References 15 Elliott J P, White A P. Phys. Lett. B, 1980, 97: 169—172

1 LONG G L, SUN Y. Phys. Rev. C, 2001, 63(2): 021305 16 Evans J A, LONG G L, Elliott J P. Nucl. Phys. A, 1993,

2 Falih H. Al-Khudair, LI Y S, LONG G L. Phys. Rev. C, 561: 201—231
2007, 75(5): 054316 17 Evans J A, Elliott J P, Lac V S et al. Nucl. Phys. A, 1995,

3 Makito Oi. Phys. Rev. C, 2005, 72: 057304 593: 85—94

4 Descouvemont P. Nucl. Phys. A, 2002, 709: 275286 18 Lac V S, Elliott J P, Evans J A et al. Nucl. Phys. A, 1995,

5 Arima A, Iachello F. Ann. Phys. (N.Y.), 1978, 111: 201 587: 101—110
238 19 LONG G L.Chinese J. Nucl. Phys., 1994, 16: 331—336

6 Arima A, Iachello F. Ann. Phys. (N.Y.), 1979, 123: 468 20 Falih H. Al-Khudair, LI Yan-Song, LONG Gui-Lu. J. Phys.
492 G: Nucl. Part. Phys., 2004, 30: 1287—1298

7 LIU YuXin, SONG Jian-Gang, SUN Hong-Zhou ct al, 2! Falih H. Al-Khudair, LTY S, LONG G L. HEP & NP, 2004,
Phys. Rev. C, 1997, 56: 13701379 28: 370376 (in Chinese)

8 LU Li-Jun, ZHANG Jin-Fu. HEP& NP, 2006, 30(2): 128 — 22 Falih HAK, LONG G L. Chin. Phys., 2004, 13(8): 1230—
133 (in Chinese) 1238 . .

9 PAN Feng, DAI Lian-Rong, LUO Yan-An et al. Phys. Rev. 23 ZHANG Jin-Fu, BAI Hong-Bo. Chin. Phys., 2004, 13(11):
C, 2003, 68: 014308 18431847

10 ZHANG Jin-Fu, PAK Jae-Yon, LIU Feng-Ying. HEP& NP, 24 Van Isacker P et al. Ann. Phys. (N.Y.), 1986, 171: 253—
2000, 24(11): 1066—1072 (in Chinese) 296 .

11 Tachello F, Arima A. The Interacting Boson Model. Cam- 25 CHUSY, Hord.berg H, Firestone R B et al. Isotopes Ex-
bridge: Cambridge University Press, 1987. 145—191 plorer 2.00, April 5, 1997

12 Bohle D, Richter A, Steffen W et al. Phys. Lett. B, 1984, 26 LONG G L. Phys. Rev. C, 1997, 55(6): 31633165
137 2731 27 Lac V S, Elliott J P, Evans J A. Phys. Lett. B, 1997, 394:

13 Falih H. Al-Khudair, LONG G L. Commun. Theor. Phys., 231—234
2002. 37: 699—705 28 LONG GL,JIHY. Phys. Rev. C, 1998, 57(4): 1686—1690

14 ZHA7NG Jin-Fu, Falih H. Al-Khudair, LONG G L et al. 29 Bender M, Flocard H, Heenen P H. Phys. Rev. C, 2003,

Commun. Theor. Phys., 2002, 37: 335—340

68: 044321



