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21. Modification of AMD wave functions and application to the breaking of the N=20 magic number
Masaaki.Kimura and Hisashi.Horiuchi. Dept. of Phys Kyoto University

Abstract
By using the deformed Gaussian instead of the spherical one, we have modified the AMD (Antisymmetrized

Molecular Dynamics) wave functions. The calculation results with this modified AMD shows the drastic

improvement of the deformation properties of Mg isotopes. This improvement means that this new version of

AMD can treat the deformation of mean field properly than before and the deformation of mean field is

important in Mg isotopes. With this new version of AMD, we have also calculated 32Mg in which the breaking

of magic number N=20 is experimentally known. In this nucleus, # -energy surface is also drastically

changed by the modification of AMD wave function. Our results show that this nucleus is indeed deformed and

neutron's 2p2h state is dominant in its ground state. This ground state reproduces the experimental data and

shows the breaking of the magic number N=20 clearly. Additionally, near the ground state, there is also very

interesting state which has neutron's 4p4h structure and shows parity violating density distribution and

cluster-like nature.

Framework of AMD and its modification
In the AMD, the Slater Determinant of single particle wave functions represents wave function of the system.

In this study, we have used the parity projected wave function instead of single Slater Determinant.

)] (Eq.l)

The single particle wave function rl> i consists from spatial part (<J> 0, spin( X i) and isospin part( x T ). In the old

version of AMD, spatial part of each single particle wave function is represented in spherical Gaussian form.

tA(r,) = (2 v/7t>3/4 exp(-Kr; -Z ()
2) (Eq.2)

In this study, we employ the deformed Gaussian as the single particle wave function instead of spherical one.

This deformed single particle wave function has independent widths to each direction x, y and z.

Tl\(ry) = (8l/8vyvi/7l?)1/4exp(- X ^ - Z , ) , 2 ) (Eq.3)
a=x,y,z

Using this deformed spherical wave function, we expect the following effects.

• When the mean-field is deformed, single particle wave function should be also deformed. So, using this

deformed wave function, we can treat the deformation of mean field better.

• This deformed wave function will activate Is force, because Is force is sensitive to the deformation of single

particle wave function.

Here, in Eq2 and 3, complex variables Zi are variational parameters and independent to each nucleon. The

width of the Gaussian v (Eq2), v a (Eq3, a =x, y and z) are common to all nucleons and they are also

variational parameters. In Eq3, v x, v y and v z are determined independently by the variational calculation.

Spin and isospin parts of single particle wave functions are follows.

*« = °k h + A *i. 7LTi=PorN (Eq.4)

Here, in Eq.4, spin up and down component parameters ai and /3i are independent to each nucleon and

determined by the variational calculation. As the effective nuclear force, we employ the Gogny force. Coulomb

force is approximated by the sum of seven Gaussians.
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Results and Discussions
First, we will compare the deformation

properties of Ne and Mg isotopes. Proton

quadrupole moments of Mg isotopes are

shown in Fig.l. We can see that the

quadrupole moment of Mg isotopes becomes

drastically large by using the deformed

single particle wave functions instead of

spherical one. Because there are no

experimental data of neutron rich Mg

isotopes, we plotted the calculation results of

HF with Skyrme-III force made by Tajima et.al.

Except 32Mg, deformations of Mg isotopes

become large by using the deformed Gaussian

and the results of modified AMD and HF-SIII

are close to each other. This means that the use
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Fig. 1: Comparison of the proton quadrupole moments of

Mg isotopes calculated with the old version of AMD and

the new version of AMD. For the purpose of the

comparison, the results of the HF-SIII calculation made

by Tajima et.tal are also shown.

of deformed Gaussian indeed can t reat the

deformation of mean field properly and in Mg isotopes, mean-field deformation is important. On the other hand,

old version of AMD fails to reproduce the deformations of Mg isotopes and thus it fails to represent the

deformation of mean field.

Next, we will show the more detailed result about 32Mg. In Fig2, 0 -deformation energy surface (energy

surface as the function of the deformation parameter /3) is shown. In this figure, the energy surface of 32Mg

calculated with old version of AMD and modified version of AMD are shown.
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Fig.2: Energy surfaces

of 32Mg. Crosses with

line are the result of the

deformed AMD.

Squares with dashed

line are the results of

the old AMD. Circles

with dashed line and

boxes are the 0+ and 2+

Here we again see the drastic effect of the deformed single particle wave functions. The old version of AMD

gives very hard energy surface against the deformation. On the other hand, modified version of AMD gives

rather flat surface. So, also in this nucleus, the deformation of mean field is important. When the angular

momentum is projected to 0+, deformed state becomes the ground state as shown in Fig2 (dashed line) and this

ground state reproduces the features of the experimental data as shown in Table 1. So, we can say that by using

the deformed single particle wave function, the deformation of 32Mg is reproduced and thus the deformation of

mean field plays an important role in the breaking of magic number N=20.
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Deformed AMD
Motobayashi et.al.
Pritychenko et.al.

Gillibert et.al.

B.E.(O+) [MeV]
-244.90
-249.69
-249.69
-249.69

2+Ex (MeV]

0.82
0.885
0.885
0.885

B(E2;0~^2)
359

454±72
333 ±70
602 ±82

Table!: Comparison with experimental data
of 32Mg. The values shown with bold font are
the results of present calculation.

Next, we will study the ph properties of 32Mg appearing on the energy surface. In Fig3, the single particle

energies of neutrons that are obtained by reconstructing the HF single particle Hamiltonians from the AMD

wave functions are shown.

E[MeVJ neutron single particle orbits of 32Mg

0f7/2
Fig3: Neutron single particle
energies calculated by the HF
single particle Hamiltonians
constructed from the AMD wave
functions. Plus parity orbits are
shown with filled symbols and
minus parity orbits (intruder
orbits) are shown with open
symbols.
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In this figure, neutron single particle energies are shown as the function of the deformation parameter B.

There are two neutrons (spin up and down) are in each line. We can see clearly that the closed shell nature of
32Mg at the spherical (0=0) state. But, as the deformation becomes large, energies of 0d3/2 orbit go up and
around j3 ~0.3, its energy goes above the intruder pf-orbit. So, in the deformed regions (/3>0.3), the neutron
2p2h states are dominant and the ground state of 32Mg is also dominated by 2p2h state. This result shows
clearly the breaking of the magic number N=20, namely two neutrons breaks N=20 shell closure and go up to
the pf-shell orbit. When we proceed to more deformed region, we see that another pf-shell orbit comes down and
four neutrons go up to the pf-shell orbit (4p4h state). This 4p4h state is also deeply bounded and very close to
the ground state, only a few MeV above the ground state.
When we see the density distributions, we know that each

ph state has different characters. In Fig4, protons and
neutrons density distributions of each ph state (OpOh, 2p2h
and 4p4h states) are shown. The density distributions of
OpOh states are almost spherical and reflects the N=20 shell
closure nature of this state. On the other hand, density
distributions of 2p2h and 4p4h states are deformed. This
reflects the fact that the two and four neutrons are in the
pf-shell orbit. Though both 2p2h and 4p4h states are

deformed, there is a difference between these states. The
„ , . , . . . . , . , Fig4: Proton and neutron density distributions of
zpzh state has parity symmetric density distributions and
, , , . . . . , „ , , , . , 32 Mg at each ph state. Upper panels are for

show smooth density distributions. On the other hand, the
4 , protons and lower panels are for neutrons. Left
4p4h state has parity violating density distributions and
, . , ., . _, . . two pics are OpOh states. Center pics are 2p2h

there is narrow part in the density distributions. I his is the
states and rights pics are 4p4h states.
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appearance of the clustering feature that is not seen in the 2p2h state. Though we have mentioned that the

deformation of the mean field is important in 32Mg, clustering feature is also important in the neutron 4p4h

state of 32Mg. This feature indicates that there is competition between mean field structure and cluster

structure and this competition may take place in neutron 2p2h state, though we cannot see it clearly because

only the mean field state appears in the present calculations.

As the conclusion, projecting the angular momentum to 0+ state, the ground state of 32Mg is deformed. This

ground state reproduces the features of the experimental data such as 2+ excitation energy and E2 transition

probability. There is also neutron 4p4h state near the ground state which has the parity violating density

distributions and shows the clustering feature. This indicates that there is the competition between the mean

field structure and the cluster structure.

Summary

In this study, we have introduced the new version of the AMD that uses the deformed Gaussian as the single

particle wave function. This new version of AMD is expected to represent the deformation of mean field better

and to activate the Is force. We have applied this new version of AMD to Mg isotopes to see the effect of the

modification. The quadrupole moment of Mg isotopes are drastically becomes large and become close to the

HF-SIII results. This means that the deformation of mean field is important in Mg isotopes and the new version

of AMD can treat these deformations of mean field properly. We have also applied this new model to the 32Mg

that is the magic number N=20 breaking nucleus. In this nucleus, we again see the drastic effect of the

deformed single particle wave function. Using the deformed single particle wave function, the 0 -energy

surface of 32Mg becomes almost flat. And after angular momentum projection to 0+ state, the deformed state

becomes the ground state. This deformed state reproduces the features of the experimental data and has the

neutron 2p2h structure showing the breaking of the magic number N=20 clearly. There is also neutron 4p4h

state near the ground state that has the parity violating density distributions and shows the clustering feature.

This indicates that there is the competition between the mean field structure and the cluster structure.
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