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High spin states in 63Zn
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High spin states of63Zn isotope have been populated by50Cr(16O, 2pn! reaction at a beam energy of 75
MeV. A total of 37g rays and 18 energy levels have been placed in the proposed level scheme, extending it
up to an excitation energy of 9776 keV. Positive and negative parity states up toI 5

23
2 and 31

2 , respectively, are
found to be populated. A positive parity unfavored band and a negative parity band have been identified. The
structure of this nucleus has been investigated in the framework of interacting boson-fermion model, incorpo-
rating both the quadrupole and the octupole excitations of the even-even62Zn core. The structure of the
positive parity yrast band is described in terms of a weak coupling of theg9/2 neutron motion to the mul-
tiphonon excitations of the even-even core. Some of the high spin negative parity states observed in the
experimental spectrum cannot be described within the framework of the present model. One of the possible
reasons may be that these states have large contributions from noncollective two-quasiparticle-type excitations.
Experimental branching ratios of some of the transitions are compared with the results of our calculation.
@S0556-2813~98!01604-5#

PACS number~s!: 23.20.Lv, 21.10.Re, 21.60.Fw, 27.50.1e
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I. INTRODUCTION

The nuclei in theA560– 70 region exhibit varieties o
excitations, both single particle and collective with differe
shapes, namely, prolate, oblate, and triaxial. The single
ticle excitation mechanism involves valence nucleons o
side theN5Z528 core, while the collective excitation ca
be understood to arise as a consequence of the gaps obs
in the Nilsson energy diagram atN5Z536 for oblate defor-
mation and atN5Z538 for prolate deformation. In this
mass region, the intruder high-j unique parityg 9/2 orbital
plays an important role in producing the high spin states.
the other hand, its coupling to the close-lyingp 3/2 orbital
produces enhanced octupole correlations. AboveI p581, a
complex interplay between the single-particle and the col
tive excitations originating from the alignment of neutrons
theg9/2 orbital has been observed in even-even66,68Ge nuclei
@1,2#.

The 63Zn isotope, with two protons and five neutrons ou
side theZ5N528 closed shell, lies in the transitional regio
defined by the spherical doubly closed-shell nucleus56Ni
and the strongly deformed Kr and Sr isotopes. The shap
the nuclei in this transitional region is not properly defined
low-excitation energy and a superposition of different ex
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tation modes constitutes the low energy structures of th
nuclei. However, at moderate deformation, the nucleons m
occupy theg9/2 orbital and one can expect collective beha
ior at high spins. In this connection, the study of the hi
spin states of64Zn by Crowellet al. @3#, aimed at verifying
the prediction ofg stability at a spin of 8\ by Cranked-
Nilsson-Strutinsky calculation, is worth mentioning. The e
perimental results, however, show exactly the opposite
tern; the rotational bands being less pronounced at high s
than at low spins. The structure of65Ge, which contains the
same number of neutrons as that of63Zn, has recently been
studied by Hermkenset al. @4#. No evidence of enhance
octupole correlation, as predicted from Strutinsky-type p
tential energy calculation by Nazarewiczet al. @5,6# is found
in this isotope. The structure of the positive parity yrast ba
in 65Ge appears to be consistent with a weak coupling of
odd g9/2 neutron to the excitations of the even-even64Ge
core.

Earlier studies on63Zn through (p,n) @7#, (a,n) @8–10#
and (12C,2pn) @7# reactions andg-ray spectroscopy, provide
a level scheme extending up toEx55344 ~2051! keV andI

5 21
2 ( 9

2 ) for the positive~negative! parity levels. It may be
mentioned that the only experiment which used a heavy-
projectile @7#, was performed using two Ge~Li ! detectors
only. The aim of the present work is to study the interplay
the single-particle and the collective modes at high excitat
energy and large angular momentum regime in a transitio
nucleus like63Zn excited through heavy-ion fusion evapor
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1618 57A. K. SINGH et al.
tion reaction. The interacting boson-fermion model~IBFM!
has been applied to understand the underlying excita
mechanisms of the states observed in the experiment.

II. EXPERIMENTAL METHOD

The high spin states in63Zn have been populated throug
the 50Cr(16O, 2pn) reaction at a beam energy of 75 Me
obtained from the 15 UD Pelletron Accelerator of Nucle
Science Center, New Delhi. An enriched50Cr ~isotopic
abundance 92%! target of thickness; 20 mg/cm2 backed by
;53 mg/cm2 of gold foil has been used. The other domina
channels observed at this projectile energy area2p and 3pn
leading to the excited states of60Ni and 62Cu, respectively.
A majority of the prominentg rays coming from different
channels has been found to be nonoverlapping.

Theg-g coincidence data have been collected with a m
tidetector array consisting of 12 Compton suppressed HP
detectors along with 14 BGO detectors used as a multipli
filter to reduce the radioactive background. The detectors
arranged in three groups, each consisting of four detec
fixed at 45°, 99°, and 153° with respect to the beam dir
tion. The details of the experimental setup and data acqu
tion system can be found in Ref.@11#. Eighty three million
events corresponding to two or higher-fold coincidences
the HPGe detectors have been recorded in List mode. E
coincidence event obtained with the Ge detectors is quali
with the condition that simultaneously at least two BGO d
tectors of the multiplicity filter should fire. The pulse heig
of each detector has been gain matched to the 0.71 k
channel and theg-g coincidence data sorted out into a 40
34096,Eg-Eg matrix. The energy spectra gated byg rays
of interest are generated from this matrix.

The multipolarities of the observedg rays are determined
through the directional correlation orientation~DCO! ratio
measurements. For this purpose a separate 40963 4096 ma-

FIG. 1. Typicalg-g coincidence spectra used to determine
level scheme of63Zn. The inset shows the high-energy part of t
spectrum obtained in the sum gate of 124411498 keVg rays.
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trix has been generated with the events recorded at 99° a
one axis and those recorded at 153° along the other axis.
DCO ratio has been determined as

RDCO~g1!5
I ~g1 at 99° withg2 at 153°!

I ~g1 at 153° with g2 at 99°!

where a stretchedDI 52 transition is chosen asg2.

III. RESULTS

The level scheme of63Zn has been constructed from th
g-g coincidence data, theg ray intensities, and the multipo
larities of theg rays as deduced from the DCO ratio me
surements. The relative intensities and the DCO ratios of
g rays placed in the proposed level scheme of63Zn isotope
are given in Table I. The DCO ratios of some of theg rays
could not be measured mainly because of their low inten
ties. The 1244 keVg ray has been observed mainly in th
coincidence spectrum with the 193 keVg ray as the gate. As
the 193 keV transition is of mixed nature, the DCO ratio
the 1244 keV transition cannot be evaluated. In this exp
ment we have extended the level scheme of63Zn up to a

spin-parity of (31
2

2) and an excitation energy of 9776 keV
Figure 1 shows the coincidence spectra with gates on a
selectedg rays. Figure 2 shows the level scheme of63Zn
deduced in the present work. A total of 37g transitions and
18 levels have been placed in this level scheme. It may
mentioned that the 654 keVg ray occurs twice in the leve
scheme since it is observed in coincidence with itself. T
spins and parities of the ground state and those of a
low-lying levels were known from the earlier heavy-io
study@7#. The DCO ratios of the transitions from these leve
obtained in this experiment are in conformity with the
assignments.

FIG. 2. Proposed level scheme of63Zn. The excitation energy in
keV and the spin are given on the left and right side of the co
sponding levels, respectively.
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TABLE I. Energy, intensity, and DCO ratio of theg rays assigned to63Zn. The intensity of theg rays has been evaluated from tot
projected spectrum unless otherwise mentioned.

Eg Relative DCO Assignment Eg Relative DCO Assignment
~keV! intensity ratio Eg→Ef I i

p→I f
p ~keV! intensity ratio Ei→Ef I i

p→I f
p

~keV! ~keV!
193 1000 1.460.1 193→ 0 5
2

2 → 3
2

2

267 4362 1704→ 1437 9
2

1 → 9
2

2

318 10565 1.460.3 6236→ 5918 21
2

2 → 19
2

2

336 11066 2.0 60.4 6572→ 6236 23
2

(2) → 21
2

2

414 718636 2.360.2 1064→ 650 7
2

2 → 5
2

2

457 8664 650→ 193 5
2

2 → 5
2

2

492 5063 5918→ 5426 19
2

2 → 17
2

2

497 316616 2.060.2 1704→ 1207 9
2

1 → 7
2

2

510a 4165 5918→ 5408 19
2

2 → 17
2

2

569 7566 1207→ 637 7
2

2 → 3
2

2

591 204610 1.360.6 4357→ 3766 ( 15
2

2) → 17
2

1

637 6664 637→ 0 3
2

2 → 3
2

2

640 1836691 1.860.1 1704→ 1064 9
2

1 → 7
2

2

650 497625 . 2 650→ 0 5
2

2 → 3
2

2

654 3482→ 2828 13
2

1 → ( 11
2 )1

654b 11467 1.160.2 6572→ 5918 23
2

(2) → 19
2

2

810 195610 0.760.2 6236→ 5426 21
2

2 → 17
2

2

828 279615 1.060.2 6236→ 5408 21
2

2 → 17
2

2

871 330617 1.260.1 1064→ 193 7
2

2 → 5
2

2

875 2763 4357→ 3482 ( 15
2

2) → 13
2

1

883 22306111 0.960.1 2587→ 1704 13
2

1 → 9
2

1

888 3363 6236→ 5348 21
2

2 → 21
2

1

944 14369 1.460.4 3772→ 2828 ( 15
2 )1 → ( 11

2 )1

987 388619 2.160.5 2051→ 1064 9
2

2 → 7
2

2

1013 366619 1.260.2 1207→ 193 7
2

2 → 5
2

2

1064 1293665 1.060.1 1064→ 0 7
2

2 → 3
2

2

1124 9166 0.860.2 2828→ 1704 ( 11
2 )1 → 9

2
1

1157 359619 1.460.3 6236→ 5079 21
2

2 → ( 19
2 )1
t
is
,
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1179 1604680 1.160.1 3766→ 2587 17
2

1 → 13
2

1

1185 18269 0.960.1 3772→ 2587 ( 15
2 )1 → 13

2
1

1207 296616 1.060.2 1207→ 0 7
2

2 → 3
2

2

1209 174610 1.960.4 3529→ 2320 13
2

2 → 11
2

2

1224 1088655 2.160.2 6572→ 5348 23
2

(2) → 21
2

1

1244 301616 1437→ 193 9
2

2 → 5
2

2

1256 201611 0.860.2 2320→ 1064 11
2

2 → 7
2

2

1307 255613 0.960.2 5079→ 3772 ( 19
2 )1 → ( 15

2 )1

1313 590630 0.960.2 5079→ 3766 ( 19
2 )1 → 17

2
1

1357 338618 1.360.1 7929→ 6572 27
2

(2) → 23
2

(2)

1377 293615 0.760.2 7613→ 6236 25
2

2 → 21
2

2

1411 155611 0.860.3 6490→ 5079 ( 23
2 )1 → ( 19

2 )1

1478 12767 1.060.2 3529→ 2051 13
2

2 → 9
2

2

1486 16069 1.260.3 9099→ 7613 ( 29
2 )2 → 25

2
2

1498 207611 1.660.5 2936→ 1437 13
2

2 → 9
2

2

1510 4465 1704→193 9
2

1→ 5
2

2

1561 8765 5918→ 4357 19
2

2 → ( 15
2

2)
1582 929647 1.260.1 5348→ 3766 21

2
1 → 17

2
1

1659 15069 . 2 5426→ 3766 17
2

2 → 17
2

1

1770 180610 1.260.3 4357→ 2587 ( 15
2

2) → 13
2

1

1778 5264 3482→ 1704 13
2

1 → 9
2

1

1847 6366 9776→ 7929 ( 31
2

2) → 27
2

(2)

1858 1662 2051→ 193 9
2

2 → 5
2

2

1879 11267 1.160.2 5408→ 3529 17
2

2 → 13
2

2

1897 193611 1.060.2 5426→ 3529 17
2

2 → 13
2

2

2472a 3167 5408→ 2936 17
2

2 → 13
2

2

2490a 2067 5426→ 2936 17
2

2 → 13
2

2

aRelative intensity evaluated from 1244 gate.
bRelative intensity evaluated from 883 gate.
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The lowest positive parity level,92
1, has been observed a

1704 keV and this is in conformity with earlier results. Th
level is depopulated by threeE1 transitions, viz., 267, 497
and 640 keV and anM2 transition of 1510 keV. Such anM2
transition has also been observed in another nucleus,65Ge, in
this mass region@4#. The 267 and the 1510 keVg rays were
not observed in earlier experiments. The positive parity b
based on the92

1 level at 1704 keV and comprising a casca
of three~883, 1179, and 1582 keV! stretchedE2 transitions
~Fig. 2! is in perfect agreement with earlier results@7#. The
states belonging to this band probably arise from the c
pling of the neutron single-particle motion in theg9/2 orbit to
the collective vibration of the62Zn core.

The placement of the 1224 keVg transition above the

5348 keV(21
2

1) level is in accordance with the observed i
tensities of theg rays and their coincidence relationship
The measured DCO ratio of the 1224 keVg ray indicates its
stretched dipole character. Therefore, the 6572 keV leve
assigned a spin of23

2 . The level scheme of the neighborin
d

-

.

is

nucleus,65Ge, @4# also shows the presence of anE1 transi-
tion ~similar to 1224 keV! on the top of its positive parity
band. Hence we have tentatively assigned this level a ne
tive parity. The 1357 and 1847 keV transitions which are
cascade with the 1224 keV transition, depopulate the p
posed levels at 7929 and 9776 keV. The quadrupole na
of the 1357 keVg transition suggests a spin-parity of27

2
(2)

for the 7929 keV level. The spin-parity of the 9776 ke

levels is tentatively assigned to be (31
2

2).
The level at 2828 keV is fed by a 654 keVg ray from a

positive parity (13
2

1) level at 3482 keV and it subsequent
decays to another positive parity,9

2
1, level at 1704 keV by

emitting an 1124 keVg ray. So the level is expected to hav
positive parity. One of the possibilities is that this state is
member of a particle vibration multiplet arising from th
coupling of theg9/2 neutron motion to the one-phonon co
state. Then the likely spin parity of this level is11

2
1 or 13

2
1.

However, as the13
2

1 member of the said multiplet has a
ready been identified at 2587 keV, we expect this level
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1620 57A. K. SINGH et al.
have a spin-parity (11
2 )1, although the assignment ofI p5

13
2

1 cannot be ruled out altogether. As it will be clear fro
the theoretical results presented in Sec. IV, the states at 1
and 2587 keV originate from the zero and oned-boson core
states, respectively, coupled to theg9/2 single-particle mo-
tion. The transition between these states is expected t
dominated by the contribution from the boson core. T
electromagnetic transitions associated with a change in
number ofd-bosons between the core states are predo
nantly of E2 nature. So the 1124 keV transition is expect
to be of quadrupole nature even if the change in the s
value is only of one unit.

Another bandlike structure consisting of the 2828, 37
5079, and 6490 keV levels with three deexcitingg rays of
energy 944, 1307, and 1411 keV in cascade, and built on

( 11
2 )1 level at 2828 keV has been observed. The last t

transitions are predominantly quadrupole in nature si
their DCO ratios are close to one. The level at 3772 keV a
decays to the13

2
1 level at 2587 keV through the emission

an 1185 keVg ray. The DCO ratio measurement sugge
that this transition is also a quadrupole one. However,

have assigned a spin parity (15
2 )1 to the 3772 keV level

because it also decays to the (11
2 )1 level at 2828 keV. The

2587 and 3772 keV levels arise from a coupling of one a
two d-boson core states, respectively, to theg9/2 neutron or-
bit. ~Hence from the arguments presented in the previ
paragraph, the 1185 keVg ray is expected to be of quadru
pole character even if there is one unit change in spin.! The
levels at 5079 and 6490 keV have been assigned spin-p

values (19
2 )1 and (23

2 )1, respectively, because of the qua
rupole nature of the 1307 and 1411 keV transitions wh
may correspond to the unfavored members of theg9/2 band.
It has been mentioned earlier that a spin-parity assignmen
13
2

1 to the level at 2828 keV cannot be completely ruled o
on the basis of our experiment. This assignment will in tu
lead to a spin parity of17

2
1 to the 3772 keV level. In tha

case, the spin values of the levels in the band based on
state will increase by unity. The spin parity of the level
5079 keV will then be21

2
1 and it will become yrast. How-

ever, this assignment contradicts the spin-parity assignm
of the 5348 keV level made in the present as well as in
earlier work@7#.

Another 13
2

1 state is also proposed at 3482 keV. This

fed from the 4357 keV (15
2

2) level through emission of an
875 keVg ray and it decays in turn to the92

1 and 11
2

1 states
through emission of the 1778 and 654 keVg rays, respec-
tively. Although this level is fed from a negative parity sta
it feeds only positive parity states and so we have assig
positive parity to it. The possible spin value for this level
13
2 because a spin value of11

2 will make the 875 keV transi-
tion to beM2 in character.

The decay pattern of the 2051 keV state is consistent w
the earlier observation of Metfordet al. @7#. We propose a
level at 2320 keV to accommodate the 1256 keVg ray ob-
served in singles as well as in gated spectra. This placem
is done in accordance with the our observation that thisg ray
is in coincidence with the 1064 keVg ray but not in coinci-
dence with any of the otherg rays belonging to the yras
levels. Therefore, we propose that the 1256 keVg ray arises
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from the decay of the proposed level at 2320 keV to the 10

keV ( 7
2

2) state. The quadrupole character of thisg ray indi-
cates the spin parity of the state at 2320 keV to be11

2
2.

Two 13
2

2 states have been proposed at 2936 and 3
keV, respectively. Their spin-parity assignment is consist
with their decay patterns. The first13

2
2 level decays to9

2
2

state through emission of a 1498 keVg ray, whereas the
other 13

2
2 level feeds the9

2
2 and 11

2
2 states through two

parallel transitions of 1478 and 1209 keV, respectively.
The proposed state at 4357 keV decays by emission

threeg rays of 1770, 875, and 591 keV to the 2587, 348
and 3776 keV states, respectively. Furthermore, it is po
lated by a 1561 keVg ray deexciting a state at 5918 ke
with spin-parity of 19

2
2. The DCO ratio measurement doe

not rule out anE1 character for the 591 keV transition. Con
sidering these facts, the most probable spin parity of

4357 keV state is (15
2

2). This state may arise from the cou
pling of the octupole phonon excitation of the core to t
g9/2 single-particle orbit. The comparison of the decay p
tern of this level with that of the 32 octupole state in64Zn
~discussed in Sec. IV! also supports this assignment.

Two close-lying levels have been proposed at 5408
5426 keV, respectively. The 5408 keV state decays to
13
2

2 levels at 2936 and 3529 keV through emission of t
2472 and 1879 keVg rays, respectively. The level at 542
keV also decays to the same13

2
2 states by emission of the

2490 and 1897 keVg rays, respectively. The DCO ratios fo
the 1879 and 1897 keV transitions indicate their quadrup
nature. The negative parity assignment to these level
based on the observation that they do not show any deca
the positive parity states. Accordingly, we have assign
spin parity of 17

2
2 to both these levels.

The proposed levels at 5918 and 6236 keV are fed fr
the level at 6572 keV,23

2
(2) state by the 654 and 336 keVg

rays, respectively. The decay patterns for these states
complex, showing transitions to both positive and negat
parity states. The 6236 keV state decays to the17

2
2 levels at

5408 and 5426 keV through emission of the 828 and 8
keV g rays ~which are quadrupole in nature!, respectively.
Hence it is assigned a spin parity of21

2
2. The placement of

this level is further supported by the fact that two otherg
rays ~1157 and 318 keV! could be placed in between thi

level and the two levels at 5079 (19
2

1) and 5918 keV, respec
tively. As for the 5918 keV state we have assigned a s
parity of 19

2
2, primarily based on the observed quadrupo

character of the 654 keVg ray. This is also consistent with

the previous assignment of (15
2

2) to the 4357 keV state
Otherwise, multipolarity of the 1561 keVg ray deexciting
the state at 5918 keV will come out to beM2. This level also
decays to the17

2
2 states through emission of the 492 and 5

keV g rays.
The 1377 and 1486 keVg rays are placed above the 623

keV level in accordance with the coincidence relationshi
The 1377 keV transition is of quadrupole nature. Hence
spin parity of the 7613 keV level is proposed to be25

2
2.

Since the DCO ratio of the 1486 keVg ray does not rule out
a quadrupole character, we tentatively assign a spin pa

value of (29
2 )2 to the level at 9099 keV.
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TABLE II. The IBM parameters used in the present calculation. Parameters not described in the text are identical with Refs.@13,15#.

Hamiltonian ed ELL OCT e f A d f A0 G0 L0 D0

parameters~MeV! 0.825 0.071 -0.011 3.000 -0.04 -0.074 0.265 0.868 0.30

Single particle j 5 3/2 5/2 1/2 9/2
energy(e j ) ~MeV! 0.000 0.150 0.246 1.897
Occupation
probability ~v j

2) 0.624 0.295 0.197 0.034

Transition a ap x g d g l h
parameters 6.5 12.0 -1.15 1.0 0.0 1.0
g
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IV. RESULTS OF INTERACTING BOSON-FERMION
MODEL „IBFM … CALCULATION

The level properties of63Zn have been calculated usin
the formalism of the IBFM to understand the underlying e
citation mechanisms. The present calculation includes the
teraction between the collective quadrupole as well as o
pole and the single-particle degrees of freedom. T
conventional interacting boson and boson-fermion mod
consider only the quadrupole excitations of the even-e
core. We have not come across so far any calculation of
level properties of the odd-A nucleus in the framework of the
IBFM incorporating octupole degree of freedom. A comm
feature of the nuclei in theA560 region is the existence o
octupole vibration states around 3 MeV. In the interact
boson model this feature is taken care of by introducing
f (L53) boson of negative parity@12#. The total boson
Hamiltonian can be written as a sum of three parts

HB5Hsd1H f1Vsd f , ~1!

whereHsd is the usuals-d boson Hamiltonian@13#, H f is the
pure f boson term, andVsd f is the interaction between th
quadrupole and the octupole degrees of freedom. In the
plest approximation,H f is taken ase fnf where nf is the
number off bosons. We restrict the maximum number off
bosons to unity.Vsd f is taken in the present calculation as

Vsd f5Ad f~Ld•L f !. ~2!

The parameter, Ad f is identical with the parameterFELL

used in Ref.@14#. For the odd mass nucleus, the total Ham
tonian consists of three parts,

H5HB1Hp1VBp . ~3!

Here Hp refers to the particle term andVBp is the boson-
particle interaction. For only one odd fermion, we have

Hp5(
j

e j@aj
†aj #

0, ~4!

wheree j is the single-particle energy of the levelj . A par-
ticular feature of the structure of this odd mass nucleus is
interaction between the octupole phonon excitation and
single-particle degrees of freedom. The boson particle in
action can be written as a sum of two terms:

VBp5Vsdp1Vsd f p. ~5!
-
n-
u-
e
ls
n
e

g
n

-

e
e
r-

The first term describes the usual interaction betweensd
boson and the odd particle. We use the simple form base
microscopic considerations which has been described
Iachello and Scholten@15#. The second term containsf bo-
son operators. We have taken the simple form given by

Vsd f p5D0~ujuj 82v jv j 8!^ j iY3i j 8&@$~s† f̃ 1 f †s!

1x3~d† f̃ 1 f †d̃ !%3$aj
†ã j 8%

3#. ~6!

The codeODDA @16# has been modified to include thef
boson in the core. The boson core is taken to be48Ca. The
parameters of the boson Hamiltonian have been obtaine
fitting the energy levels of62Zn. The single-particle energie
have been taken from the energy levels of57Ni @17#. The
occupation probabilities and the quasiparticle energies h
been obtained from a self-consistent BCS calculation by t
ing the pairing strength to be equal to 0.3 MeV. We ha
slightly changed the quasiparticle energy for thef 5/2 level so
as to reproduce the lowest5

2
2 level. The quasiparticle ener

gies, the occupation probabilities for the single-particle le
els and all other parameters used in the present calcula
are given in Table II.

The operators for electromagnetic transition consist
two parts

T~l!5TB~l!1Tp~l!. ~7!

The E2 andM1 transition operators for the boson part a
given by

TB~E2!5a@~s†d̃1d† s̃ !21x~d†d̃ !2#, ~8!

TB~M1!5gd~d†d̃ !11h@TB~E2!3L̂#1. ~9!

The parameter,h is identical with the parameterM1E2 used
in Ref. @14#. The fermion operator forM1 transition is given
in Ref. @18#. For theE2 transition, the fermionE2 operator
is given by

Tp~E2!5(
j j 8

ap^ j uuY2uu j 8&~aj
†ã j 8!

2. ~10!

The orbitalg-factor for neutrons is taken to be zero. The sp
g-factor is quenched by a factor 0.6, a value frequently u
in this mass region. The values of the other parameters
listed in Table II. However, it must be remembered th
IBM-1 is not really suitable for describing theM1 transitions
between levels arising out of different core states. So on
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rough estimate for such transition rates is expected for l
lying states.

The experimental and the calculated energy levels
compared in Fig. 3. Some of the experimental branch
ratios have been compared with the theoretical prediction
Table III. Single-particle transfer reaction shows that the7

2
2

level at 1064 keV has a finite contribution from thef 7/2
single-particle orbital@19#, which is outside the model spac
used in the present calculation. This is possibly the rea
for the poor agreement between the theoretical and the
perimental branching ratios for the decay modes of the

FIG. 3. Comparison of the experimental level scheme and
results of the theoretical calculation described in the text.

TABLE III. Comparison of calculated and experimental branc
ing ratios.

Initial level Final level Branching ratio
Jp keV Jp keV Calc. Expt.

3
2

2 637 1
2

2 248 5 5a
3
2

2 0 95 95a
5
2

2 650 5
2

2 193 10 15
3
2

2 0 90 85
7
2

2 1064 5
2

2 650 51 20
5
2

2 193 28 15
3
2

2 0 21 65
7
2

2 1207 3
2

2 637 0 4
5
2

2 193 22 56
3
2

2 0 39 40
9
2

2 2051 7
2

2 1064 90 100
5
2

2 193 10 0
13
2

2 3529 11
2

2 2320 60 60
9
2

2 2051 40 40
13
2

1 3482 ( 11
2 )1 2828 30 43
9
2

1 1704 70 57

( 15
2 )1 3772 ( 11

2 )1 2828 10 21
13
2

1 2587 90 79

( 19
2 )1 5079 ( 15

2 )1 3772 74
17
2

1 3766 26

aExperimental data taken from Ref.@7#.
-

re
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n
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7
2

2 states. The predictions for other branching ratios agr
reasonably well with the experimental values.

The spin parity of the state at 4357 keV has been p

posed to be (15
2

2). We assume this level to originate from
the coupling of theg9/2 orbit to the 32 octupole state of the
core. This level decays to the first and the second13

2
1~at

2587 and 3482 keV! states and the17
2

1 ~at 3766 keV! state
through the emission of the 1770, 875, and 591 keVg rays,
respectively. The corresponding experimental branching
tios are 60:35:5. The first and second13

2
1 levels arise from

the coupling of theg9/2 to the first and second 21 states of
62Zn, respectively. The17

2
1 level has the structureg9/2^ 41

1 .
The 32 level in neighboring64Zn @3# nucleus decays to the
21

1 and 22
1 states. So the decay pattern of these states~in

63Zn! agrees reasonably well with that observed in the ev
even core.

The 17
2

2 levels at 5408 and 5426 keV decay to the13
2

2 ~at
2936 and 3529 keV! states. Since there is no decay to t

( 15
2

2) level at 4357 keV, we conclude that these states h
very little octupole contribution.

The structure of the19
2

2, 21
2

2, and 23
2

2 levels present a
problem. The energies of the21

2
2 and 23

2
2 levels are very

low. So they are not expected to arise from the quadrup
excitation of the core. In the neighboring65Ge isotope, these
states have been described as arising from the coupling o
negative parity states in the even-even core to theg9/2 single-
particle level@4#. However, all the negative parity core stat
in this mass region do not arise from octupole vibration.
neighboring Ge isotopes, it has been found necessary to
clude noncollective fermion pairs along with the usualsd f
boson space that we have used@20#. For example, in
64,66,68Ge, the lowest 52 state has almost 30% contributio
from the fermion pair states and the lowest 72 and 92 states
are almost pure fermion pair states coupled to thesd boson
space. In64Zn, the lowest 52 state arises mainly from the
quadrupole-octupole vibration and hence can be adequa
described by thesd f boson model. However, the 71

2 state in
64Zn decays to the 61,2

1 states but not to the 51
2 state. It has

been suggested that many of the irregularly spaced nega
parity levels havingJ.72 possibly arise due to noncollec
tive quasiparticle excitations@3#.

V. CONCLUSIONS

The level scheme of63Zn has been studied through th
50Cr(16O,2pn) reaction at a beam energy of 75 MeV
explore the nature of the high spin states of63Zn. A total of
37 transitions and 18 energy levels have been placed in
proposed level scheme. A positive parity unfavored band
a negative parity band have been established, in addition
confirming the levels already known from earlier work. Th
structure of this nucleus has been investigated in the fra
work of IBFM. For this purpose both the quadrupole and t
octupole excitations of the even-even62Zn core have been
taken into account. The structure of the positive parity yr
band based on the92

1 level at 1704 keV is understood i
terms of a weak coupling of theg9/2 neutron to the quadru

pole phonon excitations of the even-even core. The (15
2

2)
state at 4357 keV has been predicted to be of octupole na
originating from the coupling of theg9/2 orbit to the 32 level

e
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of the core. However, all the negative parity states in t
mass region cannot be described simply in terms of the c
pling of octupole and quadrupole vibrational states. In nei
boring Ge isotopes@20#, for example, noncollective fermion
pair states were included along with the usualsd f-boson
space,~that we have used! to explain the observed leve
structure. Inclusion of similar noncollective fermion pa
states seems to be necessary for understanding the stru
of some of the negative parity levels proposed in the pres
work.
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