
PHYSICAL REVIEW C 66, 024301 ~2002!
Deformed shell model forTÄ0 and TÄ1 bands in 62Ga and 66As

R. Sahu* and V. K. B. Kota†

Physical Research Laboratory, Ahmedabad 380 009, India
~Received 8 April 2002; published 1 August 2002!

A deformed configuration mixing shell model based on Hartree-Fock states with extension to include isospin
projection is applied to study the structure of low-lying levels in the odd-oddN5Z nuclei 62Ga and66As. A
realistic G-matrix interaction for the (f 5/2pg9/2) space with monopole correction is employed in the calcula-
tions. TheT50 andT51 spectra for62Ga compare well with experiment and shell model. The predicted
spectrum for66As is close to the recent interacting boson model~IBM-4! results.
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I. INTRODUCTION

In the last few years there has been considerable inte
in investigating the structure of heavy nuclei near the pro
drip line and in particular the odd-oddN5Z nuclei in the
mass rangeA5602100 @1#. These nuclei are expected
give new insight into neutron-proton~np! correlations. For
example using binding energies, several attempts have
made to study the signatures for possible Wigner’s sp
isospin SU~4! symmetry, the relationship betweenT50 pair-
ing and the so-called Wigner energy, and the possible for
tion of a condensate ofT50 np Cooper pairs, etc.@2#. Going
beyond this, recent experimental results for the energy s
tra of 62Ga @3#, 66As @4#, 70Br @5#, and 74Rb @6# have opened
challenges for developing models for describing and pred
ing the spectroscopic properties of these and otherN5Z
odd-odd nuclei in theA560–100 region. With the advent o
radioactive ion beam~RIB! facilities, it is expected tha
many spectroscopic details of these nuclei will be availa
in the near future. An important experimental observation
the appearance ofJ501,T51 ground states withJ511,T
50 excited states from62Ga onwards; theJ511,T50 state
appears at around 0.5 MeV excitation in62Ga, 1 MeV in
66As, and so on. As protons and neutrons occupy the s
shell model orbits in these nuclei, it is essential to have g
isospin in the models that attempt to describe the level
these nuclei. Towards this end, for example, the variatio
methods such as the BCS and HFB are extended to inc
T50 andT51 pairing correlations@7#. There are also at
tempts to apply the shell model Monte Carlo method as w
as direct shell model diagonalization@8#. Another important
step in developing models is in deriving effective bos
Hamiltonians, through a mapping using the SU~4! symmetry,
for the spin-isospin invariant interacting boson model~IBM-
4!. Using IBM-4, recently Juillet et al. described the
observed levels in62Ga and predicted the spectra for66As
and 70Br @9#.

In the last 15 years the deformed configuration mixi
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shell model based on Hartree-Fock~HF! single particle states
@hereafter simply called deformed shell model~DSM!# has
been employed, using a modified Kuo effective interaction
the (f 5/2pg9/2) space, with good success in analyzing t
band structures seen in manyNÞZ nuclei in the massA
5602100 region; examples are even-even Ge, Kr, and
isotopes@10#, odd-A isotopes of Br, Sr@11#, and some odd-
odd Br isotopes@12#. To a large extent isospin projection
not essential forNÞZ nuclei and therefore DSM, where ex
plicit isospin projection is not carried out, is successful f
these nuclei. Let us add that the model was also applie
64Ge and80Zr @13#. However as mentioned earlier, for odd
odd N5Z nuclei in theA5602100 region, it is essential to
project out good isospin. Our purpose in this paper is
report results of the DSM, with good isospin, for theN5Z
531 nucleus62Ga andN5Z533 nucleus66As whose struc-
ture study is of current interest. Now we will give a previe

In Sec. II a brief description of the DSM model is give
and, with 62Ga and66As examples, the method used for iso
pin projection is described in detail. In Sec. III spectrosco
results for62Ga and66As are described. Here some compa
sons are made with shell model and IBM-4 results. Fina
Sec. IV gives concluding remarks and a future outlook.

II. DEFORMED SHELL MODEL AND ISOSPIN
PROJECTION FOR 62Ga, 66As

The details of the DSM have been discussed in sev
earlier publications@10–13#. First starting with a model
space consisting of a given set of single particle orbitals
two-body effective interaction matrix elements the lowe
prolate and lowest oblate intrinsic states for a given nucl
~valence particles! are obtained by solving the HF single pa
ticle equation self-consistently. Then various excited intrin
states are obtained by making particle-hole excitations o
the lowest intrinsic configuration and then performing a co
strained HF calculation. Since we assume axial symme
each intrinsic state has a definite azimuthal quantum num
K. We denote the various HF intrinsic states byxK(m). Here
m distinguishes different intrinsic states with the sameK.
xK(m) is an antisymmetrized product of deformed sing
particle orbits. It does not have definite angular moment
and is a superposition of several states of good angular
mentum. States of good angular momentumfMK

J (m) are
projected out from the intrinsic statesxK(m) using the angu-

nt,
s:
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lar momentum projection operator

PMK
J 5

2J11

8p2 E DMK
J* ~V!R~V!dV. ~1!

Here V represents the Euler angles (a, b, g) and R(V),
which is equal to exp(2 iaJz)exp(2 ibJy)exp(2 igJz), rep-
resents the general rotation operator. However, the ang
momentum projected statesfMK

J obtained from different in-
trinsic statesxK(m) are, in general, not orthogonal to ea
other. They are orthonormalized~for eachJ) by considering
the overlap matrix

NK8m8,Km
J

5^fMK8
J

~m8!ufMK
J ~m!&. ~2!

This matrix would be a unit matrix for an orthonormal set
vectors. However, in the case of a nonorthogonal basis,
not diagonal. To obtain a orthonormal set of vectors,
above matrix is diagonalized and the resulting vectors can
written in the form

FM
J ~a!5(

Km
SKa

J ~m!fMK
J ~m!, ~3!

where

SKa
J ~m!5@nM

J ~a!#21/2XKa
J ~m!. ~4!

Here nM
J denotes the eigenvalues ofNJ and XKa

J (m) corre-
sponds to the element of the unitary transformation ma
that diagonalizes the overlap matrixNJ. FM

J (a) constitutes
an orthonormal set of vectors. It is clear from Eq.~4! that if
any of the eigenvaluesnM

J of the overlap matrixNJ is van-
ishing, then the corresponding vector is spurious and sho
be eliminated. The Hamiltonian matrix is transformed from
nonorthogonal basis to an orthogonal basis using Eqs.~3!
and ~4!,

^FM
J ~n!uHuFM

J ~n8!&

5(
Kh

(
K8h8

SKn
J* ~h!SK8n8

J
~h8!^fMK

J ~h!uHufMK8
J

~h8!&.

~5!

Now diagonalizing the Hamiltonian matrix gives the ener
spectrum of the given nucleus. Usually in carrying out H
calculations one takes into account pairing via BCS~or in
fact HFB @7#!. However in the DSM one considers all low
lying intrinsic states~see Fig. 2 below! in the band mixing
calculations. This then includes some aspects of pairing
addition to this standard procedure, in this paper isospin p
jection is added to the DSM as described below. In orde
clarify the method let us consider the62Ga example in some
detail.

In the calculations56Ni is taken as the inert core with th
spherical orbits 2p3/2, 1f 5/2, 2p1/2, and 1g9/2 as active or-
bits with energies~as given in Ref.@14#! 0.0, 0.77, 1.113, and
3 MeV, respectively. The two-body interaction matrix el
ments in this space are defined by a realisticG-matrix inter-
02430
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action with a phenomenologically adjusted monopole par
given by the Madrid-Strasbourg~MS! group @14#. Hereafter
this interaction along with the single particle energies lis
above is referred to as the MS interaction. Successful s
model calculations were carried out for62Ga recently with
the MS interaction@9#. Therefore these results will form
benchmark for testing the DSM with isospin projection.

For the 62Ga nucleus Fig. 1 gives the HF single partic
~sp! spectrum~the states are labeled byuka& where thea
label distinguishes different states with the samek value! for
the lowest HF intrinsic state; note that, with the56Ni core,
there are six valence nucleons. This state consists of
protons and two neutrons occupying the lowestk51/22 state
and the last unpaired odd proton and neutron occupying
next k51/22 state. The HF energy (E), mass quadrupole
moment (Q), and bandK value are also shown in the figure
For odd-odd nuclei the time reversal symmetry in the H
spectrum is broken. Therefore in general the energies
wave functions of the sp statesuka& andu2ka& are different.
However this difference is usually small and neglecting t
givesT50 for the four nucleons~two protons and two neu
trons! occupying the lowestk51/22 sp state. Hence the isos
pin for 62Ga is determined by the last proton and neutro
Thus the total isospin for the configuration shown in Fig. 1
T50, since the odd proton and odd neutron, forK511,
form a symmetric pair ink space@here and elsewhere in thi
paper symmetry ink space means symmetry in space-sp
coordinates ask contains both space~orbital! and spin coor-

FIG. 1. Spectrum of single particle states for the lowest ene
HF intrinsic state for62Ga. The circles represent protons and t
crosses represent neutrons. The small difference in the energy o
single particle statesuk& andu2k& because of time reversal symme
try breaking is neglected in plotting the single particle spectru
The up arrow implies that the nucleon is in the stateuk& and the
down arrow corresponds to the occupancy of the nucleon in
u2k& state. The Hartree-Fock energy~E! is in MeV and the mass
quadrupole moment~Q! is in units of the square of the oscillato
length parameter. The totalK-quantum number of the intrinsic stat
in the figure isK5(ki51 where the sum is over the occupie
states and the parityp511. In the figure this is given asK511.
1-2
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dinates#. Particle-hole excitations over the lowest HF intri
sic state generate excited HF intrinsic states~both prolate and
oblate states are considered in the calculations!. There are
nine low-lying 1p-1h and 2p-2h excited intrinsic states fo
62Ga and they are shown in Fig. 2@they correspond to sp
spectra~2!–~10! in the figure#. The HF intrinsic states are in
general admixtures of various isospin components. In
lowest prolate and oblate HF intrinsic states@for example,
configurations~1! and~4! in Fig. 2#, the unpaired proton and
neutron occupy the same HF single particle orbits and he
these are symmetric ink-space coordinates. Therefore the
intrinsic states will haveT50. If in an excited intrinsic state
the unpaired proton occupies the single particle orbit sp
fied by the azimuthal quantum numberk1 and the unpaired
neutron occupies the statek2, then one can also consider a
intrinsic state where the occupancies of the unpaired nu
ons are reversed. By taking a linear combination of th
intrinsic states, one can construct intrinsic states which
symmetric~or antisymmetric! in k-space coordinates. Sym
metric combination will have isospinT50 and the antisym-
metric combination givesT51. This procedure applies t

FIG. 2. For 62Ga, the occupancy of the single particle states
the excited configurations. The configuration~1! corresponds to the
lowest HF intrinsic state~Fig. 1!. All other configurations are ob
tained by making 1p-1h and 2p-2h excitations over this lowes
intrinsic state. Symmetric combination of the states~2! and~3! gen-
erates aT50 intrinsic state and the antisymmetric combinati
generates aT51 intrinsic state. Similarly for the pairs~5,6!, ~7,8!,
and~9,10! one obtainsT50,1 states as shown in the figure. See F
1 for further details.
02430
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the configurations~2,3!, ~5,6!, ~7,8!, and~9,10! in Fig. 2. For
example, 1/A2@f (2)1f (3)# gives T50 and 1/A2@f (2)
2f (3)# givesT51; note thatf ( i ) denotes a particular intrin
sic state (i ). There are four intrinsic states forT51 and six
for T50 for 62Ga. Then good angular momentum states
projected from all theT50 intrinsic states and a band mix
ing calculation is performed. A similar procedure is also a
plied for theT51 intrinsic states.

In 66As, with 10 valence nucleons in the (f 5/2pg9/2)
space, a procedure similar to the62Ga case in fact applies fo
constructing good isospin states. The lowest prolate HF
trinsic state for this nucleus corresponds to the configura
with paired protons and neutrons in the lowest twok
51/22 sp states and the unpaired proton and neutron i
k53/22 state, i.e., (1/21)2p,2n(1/22)2p,2n(3/2)p↑,n↑. This
givesK531 andT50. Similarly the lowest oblate intrinsic
state corresponds to the configuration with paired prot
and neutrons in the lowestk51/22 and k53/22 sp states
with the unpaired proton and neutron in ak51/22 state; i.e.,
(1/21)2p,2n(3/2)2p,2n(1/22)p↑,n↑. This gives K511, T50.
Considering particle-hole excitations~with a k flip!, we have
taken 10 additional intrinsic states. These are

~i! (1/21)2p,2n(1/22)2p,2n(3/2)p↑,n↓, K50;
~ii ! (1/21)2p,2n(1/22)2p,2n(3/2)p↓,n↑, K50;
~iii ! (1/21)2p,2n(3/2)2p,2n(1/22)p↑,n↓, K50;
~iv! (1/21)2p,2n(3/2)2p,2n(1/22)p↓,n↑, K50;
~v! (3/2)2p,2n(1/2)2p,2n(5/2)p↑,n↓, K50;
~vi! (3/2)2p,2n(1/2)2p,2n(5/2)p↓,n↑, K50;
~vii ! (1/21)2p,2n(3/2)2p,n↑(1/22)2n,p↑, K52;
~viii ! (1/21)2p,2n(3/2)2n,p↑(1/22)2p,n↑, K52;
~ix! (1/21)2p,2n(3/2)2p,n↑(1/22)2n,p↓, K51;
~x! (1/21)2p,2n(3/2)2n,p↑(1/22)2p,n↓, K51.

As all these configurations involve onlyp-n particle-
particle@~i!–~vi!# or hole-hole@~vii !–~x!# states, the isospins
generated by them will beT50,1. The construction of good
T50 andT51 intrinsic states is exactly same as the ca
with 62Ga. For example the symmetric combination of t
configurations~i! and ~ii ! gives aT50 intrinsic state while
the antisymmetric combination gives aT51 state. Thus in
66As a total of fiveT51 and sevenT50 intrinsic states are
constructed for angular momentum projection and band m
ing calculations.

III. RESULTS FOR 62Ga AND 66As

A. 62Ga

Recently Vincentet al. @3# identified in 62Ga some of the
low-lying T50 levels (11, 31, 51, 71) and the ground
state which is 01 with T51. TheT50 band starts appearin
at an excitation energy of 0.571 MeV from the ground sta
The isobaric analog nucleus62Zn gives@15# the otherT51
levels in Fig. 3. Shell model calculations in (f 5/2pg9/2) space
with the MS interaction were carried out by Juilletet al. @9#
and the results are shown in Fig. 3. It is seen that the
servedT50 and T51 levels are well reproduced by th

.
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FIG. 3. T50 andT51 levels in 62Ga obtained from the deformed shell model~DSM! are compared with experimental data~Ref. @3#!,
the shell model, and IBM-4~Ref. @9#!. See text for further details.
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shell model. However the 11 T50 level starts appearing a
around 0.3 MeV above the 01 T51 ground state. Beside
the observedT50 levels, the shell model also predicts
large number of other levels below 3 MeV excitation.

The results of the DSM are compared with experim
and shell model in Fig. 3. The model generates almost all
shell model states for bothT50 andT51. In the figure the
T50 levels are shifted by 0.7 MeV relative to the 01 T
51 ground state so that the 11 T50 level appears at abou
the same energy as in experiment. Without this correction
01 T51 level is 0.22 MeV above the 11 T50 level. How-
ever, for 66As, without this correction, the 01 T51 level is
0.33 MeV below the 11 T50 level. Thus with the same shif
of 0.7 MeV the 11 T50 level in 66As appears~see Sec.
III B ! at 1.03 MeV excitation as compared to the tentat
experimental value 0.84 MeV~see Ref.@4#!. The IBM-4 cal-
culations@9# predict this energy to be about 1 MeV. In add
tion, with the 0.7 MeV shift, the DSM calculation for70Br
shows that the 11 T50 state in this nucleus appears at 1.
MeV excitation as compared to the IBM-4 prediction of 1.
MeV. ~Without this shift the 01 T51 level is 0.64 MeV
below the 11 T50 level.! A recent 70Br experimental spec
trum indicates@5# that theT50 levels in this nucleus will
start from;1.2 MeV ~energy of the 31 level with T50 is
tentatively placed at 1.336 MeV from the 01 T51 ground
state!. Let us add that the DSM is known to generate a s
in ground state energies relative to the corresponding s
model values and it was argued in the past that this is du
the mixing of only low-lying HF intrinsic states@16#. Also
this could be a result of treating pairing effects only throu
band mixing. However, as can be seen from many succes
02430
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DSM calculations@10–13# this shift does not significantly
effect the relative energies and the structure of wave fu
tions. In the present calculations, asT is projected out in the
beginning, there will be a shift of bothT50 andT51 spec-
tra or in other words the DSM in its present form will not b
able to reproduce~without an extra monopole correction! the
shell model values for the 11 T50 excitation energy relative
to the 01 T51 ground state. It is gratifying that a consta
shift of 0.7 MeV describes well the data for62Ga, 66As, and
70Br. It is now an experimentally established fact that the1

T50 state~lowestT50 state! in N5Z odd-odd nuclei with
A562–86 appears above the 01T51 ground state@17#.
Therefore it is essential to develop a prescription, with
theoretical basis, within the DSM for reproducing the 11 T
50 excitation energies and this will be addressed in a fut
publication.

In the DSM the observed 11 T50 band is generated
mainly by the intrinsic state~1! in Fig. 2. However the 71

state in the band has considerable mixing with the intrin
state~4! in Fig. 2. The 31 to 11 spacing is somewhat com
pressed in the DSM compared to experiment. However
51 and 71 levels are close to experiment. The DSM 61

1 T
50 level is about 0.4 MeV above the corresponding sh
model level and this level is not yet identified experime
tally. Moreover the high density ofT50 levels in the shell
model is well reproduced by the DSM. Similarly theT51
levels are also well reproduced. As a consistency check
the model, the62Zn ~a system of two protons and four neu
trons! T51 levels are calculated and they are found to ag
with the calculated62GaT51 levels~note that for the even-
1-4



ym

th
e

-

l r
u

us
t
ll

o

ks
e

or

H

i-
M
e
fo
e
te
d
h
fo

ns

d
M

n

-4

r-

del
it

on-
-
nt

,
ta-

-
-4
t-
,

pre-
i-
e

the

-

ted

for

n

DEFORMED SHELL MODEL FORT50 AND T51 BANDS . . . PHYSICAL REVIEW C 66, 024301 ~2002!
even nuclei HF intrinsic states preserve time reversal s
metry!. Let us point out that the 01 T51 band is generated
mainly by the antisymmetric state constructed out of
states~2! and ~3! in Fig. 2. In Fig. 3, we also compare th
DSM results with IBM-4 results for62Ga @9# ~IBM-4 is the
only other model used so far for62Ga for comparing with
shell model and data!. IBM-4 is quite successful in reproduc
ing the 11

1 T50 level relative to the 01 T51 ground state.
It also gives reasonable agreement with the shell mode
sults. As the authors of IBM-4 have themselves pointed o
the 51 and 71 levels of theT50 band lie very high in
energy, unlike the DSM.

Experimentally theB(E2;31
1→11

1), for the T50 band,
is deduced and its value is 197669 e2 fm4 @3#. Using ef-
fective chargesep52 anden51 its value is 91e2 fm4 in
the DSM. These effective charges are larger than those
in the shell model. This could be because, as pointed ou
Ref. @3#, the g9/2 orbit plays an important role in the she
model in generating the observedB(E2) value and the DSM
wave functions structure is independent ofg9/2. In any case
the DSM is better tested if many moreB(E2)’s are mea-
sured. In fact it is possible to eliminate the dependence
effective charges by measuringB(E2) ratios in theT50
band ~similarly in the T51 band!. For example, the DSM
gives, for theT50 band,B(E2;51

1→31
1)/B(E2;31

1→11
1)

51. Similarly for the T51 band, B(E2;41
1→21

1)/
B(E2;21

1→01
1)51.5 and B(E2;61

1→41
1)/B(E2;21

1

→01
1)51.6.

Before proceeding to66As results, some general remar
related to the role of theg9/2 orbit and the MS interaction ar
in order. The intrinsic states that generate the low-lyingT
50 andT51 levels~below 3 MeV excitation! derive from
( f 5/2,p3/2,p1/2) orbits. Thus the wave functions structure f
these is independent ofg9/2. However it is seen that theg9/2
orbit is essential for generating the sp energies of the
intrinsic states. Therefore theg9/2 orbit, in the DSM, for62Ga
and 66As play only an indirect role. Secondly, using a mod
fied Kuo’s interaction that is employed in all earlier DS
studies@10–13# the 62Ga spectroscopy is repeated. It is se
that the Kuo interaction produces a larger deformation
the T50 band resulting in a much more compressed sp
trum compared to the spectrum generated by the MS in
action. Similarly theT51 levels are less deformed an
therefore the corresponding spectrum is more stretched. T
it appears that the MS interaction is more appropriate
describing the energy levels inN5Z nuclei in theA560
2100 region.

B. 66As

Grzywaczet al. @4# established the decay scheme for66As
and identified several levels but not uniquely their spi
They established that the ground state is 01 with T51 ~via
superallowed 01→01 Fermi transitions! and also argued
that the 11

1 ~with T50) appears at 837 keV from the groun
state. As described earlier, with a 0.7 MeV shift, the DS
gives the 11

1 level at about 1 MeV from the 01 T51 ground
state. As the data is scarce and shell model results are
02430
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available for66As, the DSM results forT50 andT51 lev-
els in this nucleus are compared only with the recent IBM
predictions@9# in Fig. 4. Both IBM-4 and the DSM give
similar results for this nucleus except for some minor diffe
ences. Just as in the case of62Ga, theT51 spectrum is more
dense in the DSM as compared to IBM-4. As the shell mo
spectrum for62Ga is close to that predicted by the DSM,
can be argued that the DSM predictedT51 levels~below 3
MeV! may be seen in future experiments. Recently in a c
ference report, Grzywaczet al. @18# have reported many lev
els for this nucleus. All transitions seen in their experime
are placed above the 3024 keV isomer.~In the present study
we are interested in low-lying states below 3 MeV exci
tion.! For T51 they report a band consisting of the 01

ground state and a 21 excited state at 0.963 MeV. The ex
cited 21 level is reproduced reasonably well by both IBM
and the DSM. ForT50, they have identified a band consis
ing of the levels 11, 31, 51, and 71 at 0.837, 1.231, 1.901
and 2.908 MeV. The DSM and IBM-4 have 11 and 31 levels
at around the experimental energies. However, the DSM
dicts a 51 level which is about 0.7 MeV higher than exper
ment and the 71 level lies above 3 MeV. Similar is the cas
with IBM-4. The lowest (01,21,41) T51 band comes
mainly from the antisymmetric state constructed out of
configurations (1/21)2p,2n(3/2)2p,2n(1/22)p↑,n↓, K50 and
(1/21)2p,2n(3/2)2p,2n(1/22)p↓,n↑, K50. TheT50 spectrum is
quite similar to IBM-4 except that the DSM predicts a com
paratively smaller number of 21 states below 3 MeV. The
lowest (31,51) T50 levels come mainly from the
(1/21)2p,2n(1/22)2p,2n(3/2)p↑,n↑ configuration. However, the
11

1 level comes mainly from the symmetric state construc
out of the configurations (3/2)2p,2n(1/2)2p,2n(5/2)p↑,n↓, K
50 and (3/2)2p,2n(1/2)2p,2n(5/2)p↓,n↑, K50. Finally let us
add that the results in Fig. 4 may be used as a guide
future 66As experiments.

FIG. 4. T50 andT51 levels for 66As obtained from the de-
formed shell model~DSM! are compared with the IBM-4 results i
~Ref. @9#!.
1-5



he
d.
or
de
or

io

o
ow

th
S
ub
nt
th

op

th

u-
not
one
de-

ese

e

e
ess

up-
ful
for
up-

R. SAHU AND V. K. B. KOTA PHYSICAL REVIEW C 66, 024301 ~2002!
IV. CONCLUSIONS AND FUTURE OUTLOOK

In this paper DSM results, with isospin projection, for t
T50 andT51 levels inN5Z odd-odd nuclei are presente
The spectra of62Ga and66As are analyzed and the results f
62Ga compare well with experiment and the shell mo
while those of66As ~where there is neither a shell model n
sufficient experimental data! with recent IBM-4 results.
These results suggest that the DSM, with isospin project
can be used for understanding the structure ofN5Z odd-odd
nuclei in theA5602100 region. One source of success
the present calculations is the use of a MS interaction. H
ever, the usefulness of this interaction for heavierN5Z nu-
clei is not clear at present. Towards this end, data for
nuclei 70Br @5# and 74Rb @6# are being analyzed using a M
interaction and the results will be presented in a future p
lication. As pointed out in Sec. III A, the DSM in its prese
form requires a constant shift of 0.7 MeV to reproduce
excitation energy of 11

1 T50 levels in62Ga, 66As, and70Br.
The origin of this shift is being analyzed in order to devel
a prescription for solving this problem.

The important aspect of the present calculations is
e
y

d

re

t.
s.
s.
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f
-

e

-

e

e

inclusion of isospin projection in the DSM. For the two n
clei considered in this paper, the isospin projection is
complicated as the relevant HF intrinsic states have only
unpaired proton and neutron in the last occupied HF
formed sp states~see Fig. 2!. More general cases involving
four or more nucleons will be dealt with elsewhere and th
will have applications in analyzing excited states inN5Z
odd-odd nuclei in theA560–100 region, for example,74Rb,
78Y, etc. In addition, this may also allow one to study th
structure of high-spin states in even-evenN5Z nuclei; see
Ref. @19# for recent interest in this question. Finally, in th
future the DSM will also be used to investigate the goodn
of IBM-4 symmetries proposed recently@20# for N5Z odd-
odd nuclei.
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