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MIRROR ENERGY DIFFERENCE AT HIGH SPINS
IN THE MIRROR PAIR %Se AND 97As*
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We investigate large mirror energy differences (MED) between high-spin
states in the mirror nuclei 7Se and ®7As. By employing large-scale shell
model calculations, we show that the electromagnetic spin-orbit interaction
and the Coulomb monopole radial term are important for the observed large
MED in this mirror pair. It is clarified that this large MED is attributed to
the proton pair excitations from the ps/, and f7,5 orbits to the gg/5 orbit
and the spin alignment of the g9/, protons at high spins.
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1. Introduction

Isospin symmetry breaking due to the Coulomb force and the strong
nucleon-nucleon (NN) interaction is one of the current topics in nuclear
structure physics [1]. As well known, the Coulomb effects and the isospin
nonconserving NN interaction break this symmetry, leading to observable
differences between energy levels of analogue states. The so-called mirror
energy differences (MED) are defined by

MED; = E,(J,T,1: = -T) - E;(J,T.T. =T), (1)
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where E,(J,T,T,) are the excitation energies of analogue states with spin
J and isospin T,T,. For mirror nuclei in the upper part of the fp shell,
the experimental information on MED is relatively scarce. Recently, new
data on the A = 67 mirror nuclei %"Se and 7As, the heaviest pair where
the MED has been observed so far, have become available [2|. The positive-
parity band built on the 9/27 state has been observed up to high spin in
67As [3,4], and has been recently determined for the mirror partner 57Se [5].
The neutron spin alignment is expected to occur at spin 25/2% in 7As [6,7].
On the other hand, the proton spin alignment takes place at the same spin
in its mirror partner 9”Se. As the response to the Coulomb field is different
for the corresponding high-spin states in such mirror nuclei, one expects the
Coulomb based MED contribution in 67Se and 57As to give large negative
value suddenly at 25/2% where the proton/neutron spin alignment occurs.

2. Model

Employing the recently proposed JUN45 interaction [7], the calculations
are performed using the spherical shell model in the pf5/299/2 model space.
Following Zuker’s procedure [8], the Coulomb interaction is separated into
a monopole term Vo, and a multipole term Vioy. While Vi, accounts for
single-particle and bulk effects, Vo contains all the rest. The monopole
term Vi, is further divided into the single particle correction ¢, the radial
term Vo, and the spin orbit term &.

With inclusion of Vonm, € and €4, shell-model calculations are carried
out in the pfs/2g9/2 shell for the A = 67 mirror nuclei. The Coulomb
matrix elements in the valence space represent the multipole part Vou of
the Coulomb interaction. The contribution of £ to the monopole term is
given by [9]. The single-particle shift e;5 takes into account the relativistic
spin-orbit interaction. The radial term Vg, reflects the change in radii along
the rotational band, and in the fp shell is proportional to the change in
occupancy of the p3/y orbit as a function of spin J. It can be expressed as
Anep (Ver) = am((mys/2)0/2/2 = (my32) 7 /2), where (my3/9) s with myz o =
Zp3/2 + Mp3 2 1s the expectation value of the proton and neutron number in
the p3/ orbit at spin J, and a,, was fix so as to fit the experimental MED of
the positive-parity high-spin states. In this work, the isospin nonconserving
term was neglected. After solving the eigenvalue problem, contribution of
the Coulomb monopole radial term V¢ is included into the energy obtained
in the shell model calculation.
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3. Numerical calculations and discussions

For 57Se and ®7As, the calculation with the JUN45 interaction reproduces
well the experimental data, where the energy differences of the analogue
states are in a reasonable agreement with experiment. The structure of the
negative-parity states at low-excitation energies are mainly dominated by
the fp shell configurations, but the positive-parity states built at higher spin
mainly involve the gg /5 orbit. The structural difference of such configurations
strongly reduces the transition strengths explaining the isomeric character
of the 9/2% levels [6].

In Fig. 1(a), the experimental MED along the positive-parity excited
band with AJ = 2 built on the 9/2" state and the low-lying negative-parity
states (3/27,5/27,7/27) are compared with the calculations as a function of
spin 2J. The agreement is excellent and the calculation reproduces well the
large negative value in the MED at the high-spin 21/2" and 25/2" states.

50
i 67 7
oF me Se/” As
~ S0F = ‘- 90
Z - JUN45
£ 00t - '~,._
a 5l B
150 - | .
E L O Vet :
200F --E---exp (@) e
]50 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L A .
100 oA
50- L
S of Aps
% o oF el
2 =50 " A
=2 C S .
A -100 F o :
o C
i
et TR (b) L SRR 4
250 A v,
300 Vv
_350 -I 1 1 1 C':/[ 1 1 1 1 1 1 1 1 1 1 1
1357 91113151719212325272931

2]

Fig.1. Comparison of calculated MED with available data, and decomposition of
theoretical MED into four terms (see text for explanation).

We now examine which terms contribute to such drastic changes in the
MED. In order to see this, the four different contributions to MED have
been plotted separately in Fig. 1(b). The Coulomb multipole term Vo
reflects the alignment effects at high spin and follows the negative trend of
the MED. For %7Se, two protons and one neutron jump up from the fp-shell
to go/o at spin of 25/2% and 29/2%. The spin alignment of the two protons
in the gg/o orbit increases the spatial separation between them, leading to



442 K. KANEKO ET AL.

a smaller Coulomb energy. Thus, the alignment effect for protons reduces
the excitation energy in 57Se while the same does not happen in the analogue
states in 97As. However, the Ve term alone underestimates the MED by
a factor of three (see in Fig. 1(b)). The contribution of the g;; term is only
marginal, but Vi, gives the largest positive contribution for the 25/2% and
29/2% states due to the increased occupation of the gq /2 orbit. On the other
hand, the g;5 contribution to the MED is strongly negative for the 25/2% and
29/2% spin values. When the Vi, Ve, €5 and gy terms are all included,
the theoretical MED reproduce well the experimental data.

4. Conclusion

We investigated the MED between high-spin states in the mirror pair
67Se and 57As using large-scale shell model calculations. It has been shown
that the electromagnetic spin-orbit interaction and the Coulomb monopole
radial term are responsible for producing the large MED at high-spin states,
while the contribution from the Coulomb multipole term is small. The
occupations of the relevant orbits and the spin alignment in the gg/, orbit
affect the variation of the MED along the band built on the 9/27 state. We
obtained a good agreement with the experimental data for the MED.

REFERENCES

[1] M.A. Bentley, S.M. Lenzi, Prog. Part. Nucl. Phys. 59, 497 (2007).

[2] R. Orlandi et al., Phys. Rev. Lett. 103, 052501 (2009).

[3] E.A. Stefanova et al., Phys. Rev. C67, 054319 (2003).

[4] D.G. Jenkins et al., Phys. Rev. C64, 064311 (2001).

[5] G. de Angelis, Prog. Part. Nucl. Phys. 59, 409 (2007).

[6] M. Hasegawa, Y. Sun, K. Kaneko, T. Mizusaki, Phys. Lett. B617, 150
(2005).

[7] M. Honma, T. Otsuka, T. Mizusaki, M. Hjorth-Jensen, Phys. Rev. C80,
064323 (2009).

[8] A.P. Zuker, S.M. Lenzi, G. Martinez-Pinedo, A. Poves, Phys. Rev. Lett. 89,
142502 (2002).

[9] J. Duflo, A.P. Zuker, Phys. Rev. C66, 051304(R) (2002).


http://dx.doi.org/10.1016/j.ppnp.2006.10.001
http://dx.doi.org/10.1103/PhysRevLett.103.052501
http://dx.doi.org/10.1103/PhysRevC.67.054319
http://dx.doi.org/10.1103/PhysRevC.64.064311
http://dx.doi.org/10.1016/j.ppnp.2007.01.020
http://dx.doi.org/10.1016/j.physletb.2005.05.027
http://dx.doi.org/10.1016/j.physletb.2005.05.027
http://dx.doi.org/10.1103/PhysRevC.80.064323
http://dx.doi.org/10.1103/PhysRevC.80.064323
http://dx.doi.org/10.1103/PhysRevLett.89.142502
http://dx.doi.org/10.1103/PhysRevLett.89.142502
http://dx.doi.org/10.1103/PhysRevC.66.051304

	1 Introduction
	2 Model
	3 Numerical calculations and discussions
	4 Conclusion

