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High spin states of3Zn isotope have been populated BRCr(*e0, 2pn) reaction at a beam energy of 75
MeV. A total of 37 y 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 statesl apgfoand %1 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&dencore. The structure of the
positive parity yrast band is described in terms of a weak coupling ofjizeneutron 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.
[S0556-28188)01604-3

PACS numbgs): 23.20.Lv, 21.10.Re, 21.60.Fw, 27.5G

[. INTRODUCTION tation modes constitutes the low energy structures of these
nuclei. However, at moderate deformation, the nucleons may
The nuclei in theA=60-70 region exhibit varieties of occupy thegy, orbital and one can expect collective behav-
excitations, both single particle and collective with differentior at high spins. In this connection, the study of the high
shapes, namely, prolate, oblate, and triaxial. The single pakpin states of*zZn by Crowellet al.[3], aimed at verifying
ticle excitation mechanism involves valence nucleons outthe prediction ofy stability at a spin of 8 by Cranked-
side theN=Z=28 core, while the collective excitation can Njlsson-Strutinsky calculation, is worth mentioning. The ex-
be understood to arise as a consequence of the gaps obserygimental results, however, show exactly the opposite pat-
in the Nilsson energy diagram bit=2= 36 for oblate defor- (- the rotational bands being less pronounced at high spins
mation and atN=2z=238 for prolate deformation. In this han at low spins. The structure 8iGe, which contains the
mass region, the intruder h|ghu_n|que parityg o> orbital <5 me number of neutrons as that®%Zn, has recently been
the other hand, its coupling to the close-lyipg,, orbital Studied by Herm_kenset al [4].' No evidence 9f enhanced
' /2 octupole correlation, as predicted from Strutinsky-type po-

produces enhanced octupole correlations. AbiGre 8", a . : i .
g . . tential energy calculation by Nazarewietal. [5,6] is found
complex interplay between the single-particle and the collec:

tive excitations originating from the alignment of neutrons in in this isotope. The structure of the positive parity yrast band

thegg, orbital has been observed in even-ef&fiGe nuclei in ®5Ge appears to be consistent with a weak coupling of the

[1,2] odd gg,, Neutron to the excitations of the even-evéiGe

The ®3zn isotope, with two protons and five neutrons out-©0'®- _ .

side thez=N=28 closed shell, lies in the transitional region Ealrller studies orf°Zn through p,n) [7], («,n) [8-10

defined by the spherical doubly closed-shell nucléfi ~ and (?C.2pn) [7] reactions andy-ray spectroscopy, provide

and the strongly deformed Kr and Sr isotopes. The shape & level scheme extending up Ey=5344 (2051 keV and|

the nuclei in this transitional region is not properly defined at=3% (3) for the positive(negative parity levels. It may be

low-excitation energy and a superposition of different exci-mentioned that the only experiment which used a heavy-ion
projectile [7], was performed using two @s) detectors
only. The aim of the present work is to study the interplay of

*Present address: Department of Science, Technology & NEShe single-particle and the collective modes at high excitation
Government of West Bengal, Bikash Bhavan, Calcutta 700091, Inenergy and large angular momentum regime in a transitional
dia. nucleus like®3Zn excited through heavy-ion fusion evapora-
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FIG. 2. Proposed level scheme $Zn. The excitation energy in
keV and the spin are given on the left and right side of the corre-
FIG. 1. Typicaly-y coincidence spectra used to determine thesponding levels, respectively.
level scheme of®Zn. The inset shows the high-energy part of the
spectrum obtained in the sum gate of 1244198 keV vy rays.
trix has been generated with the events recorded at 99° along

] ] ] ] ] one axis and those recorded at 153° along the other axis. The
tion reaction. The interacting boson-fermion mod&8FM)  pco ratio has been determined as

has been applied to understand the underlying excitation
mechanisms of the states observed in the experiment.
[(y, at99° withy, at1539

Rocol Y1) = {7, 2t 153° with 7, at999)

Il. EXPERIMENTAL METHOD

The high spin states if®Zn have been populated through o
the 5°Cr(%°0, 2pn) reaction at a beam energy of 75 MeV where a stretched| =2 transition is chosen ag,.
obtained from the 15 UD Pelletron Accelerator of Nuclear
Science Center, New Delhi. An enrichetCr (isotopic
abundance 92%aarget of thickness- 20 mg/cnt backed by Ill. RESULTS
~53 mg/cn? of gold foil has been used. The other dominant
channels observed at this projectile energy®2@ and Jn
leading to the excited states 8INi and 52Cu, respectively.

The level scheme 0f3Zn has been constructed from the
v-y coincidence data, the ray intensities, and the multipo-
A majority of the prominenty rays coming from different larities of the y rays as (_jeducgd from the DCO rat!o mea-
surements. The relative intensities and the DCO ratios of the

channels has been found to be nonoverlapping. . S |
The y-y coincidence data have been collected with a mul-Y '2YS placed in the proposed level schem Isotope
re given in Table I. The DCO ratios of some of theays

tidetector array consisting of 12 Compton suppressed HPG® . ) . .
detectors along with 14 BGO detectors used as a multiplicitfoU!d not be measured mainly because of their low intensi-

filter to reduce the radioactive background. The detectors arkeS: The 1244 keVy ray has been observed mainly in the

arranged in three groups, each consisting of four detectorgPincidence spectrum with the 193 keMay as the gate. As
fixed at 45°, 99°, and 153° with respect to the beam direclhe 193 keV transition is of mixed nature, the DCO ratio of

tion. The details of the experimental setup and data acquisH'® 1244 keV transition cannot be evaluated. In this experi-

tion system can be found in RdfL1]. Eighty three million ~Ment we have extended the level scheme®%in up to a
events corresponding to two or higher-fold coincidences irspin-parity of 617 and an excitation energy of 9776 keV.
the HPGe detectors have been recorded in List mode. Eadfigure 1 shows the coincidence spectra with gates on a few
coincidence event obtained with the Ge detectors is qualifiedelectedy rays. Figure 2 shows the level scheme %Zn
with the condition that simultaneously at least two BGO de-deduced in the present work. A total of 37transitions and
tectors of the multiplicity filter should fire. The pulse height 18 levels have been placed in this level scheme. It may be
of each detector has been gain matched to the 0.71 keVtentioned that the 654 ke¥ ray occurs twice in the level
channel and the-y coincidence data sorted out into a 4096 scheme since it is observed in coincidence with itself. The
X 4096, E,-E, matrix. The energy spectra gated pyrays  spins and parities of the ground state and those of a few
of interest are generated from this matrix. low-lying levels were known from the earlier heavy-ion
The multipolarities of the observegrays are determined study[7]. The DCO ratios of the transitions from these levels
through the directional correlation orientatigpCO) ratio  obtained in this experiment are in conformity with these
measurements. For this purpose a separate 404696 ma-  assignments.
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TABLE |. Energy, intensity, and DCO ratio of thg rays assigned t°Zn. The intensity of they rays has been evaluated from total
projected spectrum unless otherwise mentioned.

E, Relative DCO Assignment E, Relative DCO Assignment
(keV) intensity ratio E,—E¢ [T—=17 (keV) intensity ratio Ei—E; [T—I17
(keV) (keV)
193 1000 1401  193-0 I 1179 160480 1.1x0.1 3766— 2587 i+ _, 1%+
267 432 1704— 1437 3+ . 2= 1185 1829  09+0.1 3772— 2587 (l5y+ _, L3+
318 105-5  1.4+0.3 6236— 5918 5 — - 1207 296-16  1.080.2 1207— 0 I 3
33  110:6  2.0+04 6572— 6236 () - 1009 17410 1.9:04 3529 2320 L _, il-
414 71836  2.3*0.2 1064— 650 3 — 3~ 1224 108&55 2.1+0.2 6572— 5348 23() _, 2+
457 86:4 650— 193 3~ — 3~ 1244 30116 1437— 193 3~ _ §-
492 50-3 5918— 5426 5 — 4~ 1256 20111  0.8:0.2 2320— 1064 i~ . I-
497  316:16 20802 1704— 1207 3% — 7~ 1307 255:13  0.9:0.2 5079— 3772 (i%y+ _, (18)+
51 41+5 5918— 5408 3 — F° 1313 590:30  0.9:0.2 5079 3766 (1)« _, 17+
569 756 1207— 637 1~ ¥~ N
591  204:10  13:0.6 4357 3766 (1) _ 1+ g?; ggi 12 (1)'7338'; ;252: gzg . - a
637 oe=4 637 0 i 1411 15511  0.8:03  6490— 5079 (2_32)+ - (zga)+
640 1836:91  1.8:01 1704~ 1064 §+ - é_ 1478 1277 1.0+0.2  3529— 2051 2?- - 22-
650 49725 > 2 650— 0 8-, 3
654 2482 2828 B 1486 16@-9  1.2+0.3 9099— 7613 (2~ _, 25-
2 —(3) 1498 207-11  1.6+05 2936 1437 - , 9~
654 114r7  11x02 6572— 5918 PO P~ T 7 o 1704193 8+_.5
810 19510  0.7:0.2 6236— 5426 &~ — - 1561 875 5918 4357 19. 15
828 27915  1.0:0.2 6236 5408 &~ _, i- - 2, &)
871 330-17 12001 1064 193 I _ & 1582 92%-47  1.2:0.1 5348— 3766 2=
o5 2ns T2y 00 TN ames s a1 (e -
883 2230-111 0.9-0.1 2587 1704 L&+ _ 9+ = G )~z
888 333 6236 5348 2 _ 2+ 1778  52¢4 3482— 1704 18+ 9
044 14350  14:04 3772 2828 (L5y+ _ (iy- 1847 6% 9776— 7929 (%9’) - 5277(’)
987  388-19  2.1+0.5 2051 1064 2~ — 1~ 1858 16-2 2051193 57 — 5
1013 36619 1202 1207— 193 I~ _ - 1879 112:7  1.1+0.2 5408— 3529 A
1064 129365 10:01  1064— 0 -3 1897 19311  1.0+0.2 5426— 3529 i~ _, 1~
1124 91+6 0.8+0.2 2828— 1704 (%)+ N %+ 2472 31+7 5408— 2936 g— N %—
1157 35%-19  1.4+0.3 6236 5079 21— _, (19)+ 249  20+7 5426 2036 L~ . 1

®Relative intensity evaluated from 1244 gate.
bRelative intensity evaluated from 883 gate.

The lowest positive parity leveb*, has been observed at nucleus,®Ge, [4] also shows the presence of Bd transi-
1704 keV and this is in conformity with earlier results. This tion (similar to 1224 keV on the top of its positive parity
level is depopulated by thre®l transitions, viz., 267, 497, band. Hence we have tentatively assigned this level a nega-
and 640 keV and aM 2 transition of 1510 keV. Such avi2 tive parity. The 1357 and 1847 keV transitions which are in
transition has also been observed in another nucf8G, in cascade with the 1224 keV transition, depopulate the pro-
this mass regiofid]. The 267 and the 1510 key rays were posed levels at 7929 a_n_d 9776 keV. The .quadr.upoleinature
not observed in earlier experiments. The positive parity ban@f the 1357 keVy transition suggests a spin-parity &)
based on thé * level at 1704 keV and comprising a cascadeor the 7929 keV level. The spin-parity of the 9776 keV
of three (883, 1179, and 1582 keé\tretchedE2 transitions levels is tentatively assigned to b ().

(Fig. 2) is in perfect agreement with earlier resyl@. The The level at 2828 keV is fed by a 654 key/'ray from a

states belonging to this band probably arise from the CoUpositive parity &2*) level at 3482 keV and it subsequently
pling of thg neu_tron.single-parzticle motion in thyg, orbit to decays to another positive parity!, level at 1704 keV by
the collective vibration of thé°Zn core. - emitting an 1124 ke\y ray. So the level is expected to have
The placement of the 1224 key transition above the ,gitive parity. One of the possibilities is that this state is a
5348 keV(E ") level is in accordance with the observed in- member of a particle vibration multiplet arising from the
tensities of they rays and their coincidence relationships. coupling of thegg,, neutron motion to the one-phonon core
The measured DCO ratio of the 1224 keMay indicates its  state. Then the likely spin parity of this level 8% or 3.
stretched dipole character. Therefore, the 6572 keV level islowever, as thes™ member of the said multiplet has al-
assigned a spin of. The level scheme of the neighboring ready been identified at 2587 keV, we expect this level to
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13+ cannot be ruled out altogether. As it will be clear from keV (£ ) state. The quadrupole character of thisay indi-
the theoretical results presented in Sec. IV, the states at 17@#4tes the spin parity of the state at 2320 keV tosbe.
and 2587 keV originate from the zero and ahboson core Two 1~ states have been proposed at 2936 and 3529
states, respectively, coupled to thg, single-particle mo- keV, respectively. Their spin-parity assignment is consistent
tion. The transition between these states is expected to heith their decay patterns. The firsf ~ level decays to} ~
dominated by the contribution from the boson core. Thestate through emission of a 1498 key/ray, whereas the
electromagnetic transitions associated with a change in thether 2~ level feeds thel~ and ¥~ states through two
number ofd-bosons between the core states are predomiparallel transitions of 1478 and 1209 keV, respectively.
nantly of E2 nature. So the 1124 keV transition is expected The proposed state at 4357 keV decays by emission of
to be of quadrupole nature even if the change in the Spifhree y rays of 1770, 875, and 591 keV to the 2587, 3482,
value is only of one unit. . and 3776 keV states, respectively. Furthermore, it is popu-
Another bandlike structure _consustmg of th_g 2828, 377251ed by a 1561 keVy ray deexciting a state at 5918 keV
5079, and 6490 keV levels with three deexcitipgays of it spin-parity of2~. The DCO ratio measurement does
energy 944, 1307, and 1411 keV in cascade, and built on thg 1 je out arE1 character for the 591 keV transition. Con-

(%3)" level at 2828 keV has been observed. The last tWasidering these facts, the most probable spin parity of the

transitions are predominantly quadrupole in nature sincc;ig57 k 15— - ;
. . eV state is . This state may arise from the cou-
their DCO ratios are close to one. The level at 3772 keV also £) y

decays to thé? ™ level at 2587 keV through the emission of pling .Of the oc.tupole phonon excitati_on of the core to the
an 1185 keVy ray. The DCO ratio measurement suggests392 smglg-partlcle.orblt. The comparison of the d.ecfy pat-
that this transition is also a quadrupole one. However, wd€n Of this level with that of the 3 octupole state irPZn

. . . 15 4 (discussed in Sec. IMalso supports this assignment.
have assigned a spin parity) " to the 3772 keV level Two close-lying levels have been proposed at 5408 and

because it also decays to th§' )" level at 2828 keV. The 5426 keV, respectively. The 5408 keV state decays to the
2587 and 3772 keV levels arise from a coupling of one an@* levels at 2936 and 3529 keV through emission of the
two d-boson core states, respectively, to gy neutron or- 2472 and 1879 kel rays, respectively. The level at 5426
bit. (Hence from the argumepts presented in the previougey giso decays to the sandé™ states by emission of the
paragraph, the 1185 key ray is expected to be of quadru- 490 and 1897 ke rays, respectively. The DCO ratios for
|p0|e| chargg;egr evderg:i‘s;gire\;shone gn't chan_ge 'iji.he .the 1879 and 1897 keV transitions indicate their quadrupole
evels atg N an pan i € :.;1ve een assigned spin-parifyy e The negative parity assignment to these levels is
values ') " and ('), respectively, because of the quad- pased on the observation that they do not show any decay to
I’upole nature Of the 1307 and 1411 keV transitions Whlch:he positive parity states. Accordingiy, we have assigned
may correspond to the unfavored members ofghgband.  spin parity o~ to both these levels.

It has been mentioned earlier that a spin-parity assignment of e proposed levels at 5918 and 6236 keV are fed from
13+

7 tothe level at 2828 keV cannot be completely ruled out,q |evel at 6572 keVZ (™) state by the 654 and 336 key/

on the basis of our experiment. This assignment will in turn .

. . 74 rays, respectively. The decay patterns for these states are
lead 1o a Spin parity ofy " to the 3.772 keV level. In that complex, showing transitions to both positive and negative
case, the spin values of the levels in the band based on th&arity states. The 6236 keV state decays to¥helevels at
state wil inqrease by ;ﬂity' The s_pin parity of the level 5408 and 5426 keV through emission of the 828 and 810
5079 kgv W|II.then bez and.|t will becgme yrast. H.OW' keV v rays (which are quadrupole in natyrerespectively.
ever, this assignment contra<_j|cts the spin-parity assignment, o it is assigned a spin parity & . The placement of
of tlhe 5348k I;ev level made in the present as well as in AMhis level is further supported by the fact that two other
earlier work[7]. rays (1157 and 318 ke)could be placed in between this

Another £ state is also proposed at 3482 keV. This is ot
level and the two levels at 5078Y") and 5918 keV, respec-

;e7d5f|20|$ the 435; .i(zv%i) .Ie\t/el t?rotifg] err;?_lsiontoi‘ an tively. As for the 5918 keV state we have assigned a spin
eViy ray and it decays In tum 1o ands ~ states parity of 327, primarily based on the observed quadrupole

t_hrough emission .Of the .1778 and 654 k@*’TayS’ FESPEC-  cnharacter of the 654 key ray. This is also consistent with
tively. Although this level is fed from a negative parity state, ) i 5

it feeds only positive parity states and so we have assigneli® Previous assignment ofz(") to the 4357 keV state.
positive parity to it. The possible spin value for this level is Otherwise, multipolarity of the 1561 key ray deexciting

tion to beM2 in character. decays to thé/ ~ states through emission of the 492 and 510

The decay pattern of the 2051 keV state is consistent witfeV vy rays.
the earlier observation of Metforett al. [7]. We propose a ~ The 1377 and 1486 keY rays are placed above the 6236
level at 2320 keV to accommodate the 1256 keVay ob-  keV level in accordance with the coincidence relationships.
served in singles as well as in gated spectra. This placemeffl® 1377 keV transition is of quadrupole nature. Hence the
is done in accordance with the our observation thathigy ~ SPin parity of the 7613 keV level is proposed to Be .
is in coincidence with the 1064 key ray but not in coinci- ~ Since the DCO ratio of the 1486 key/ray does not rule out
dence with any of the othey rays belonging to the yrast @ quadrupole character, we tentatively assign a spin parity
levels. Therefore, we propose that the 1256 keXay arises  value of (&)~ to the level at 9099 keV.
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TABLE Il. The IBM parameters used in the present calculation. Parameters not described in the text are identical w3 REfs.

Hamiltonian €4 ELL OCT € Ags Ao Ty Ay Ag

parametergMeV) 0.825 0.071 -0.011 3.000 -0.04 -0.074 0.265 0.868 0.300

Single particle i= 3/2 5/2 1/2 9/2

energye;) (MeV) 0.000 0.150 0.246 1.897

Occupation

probability (v ?) 0.624 0.295 0.197 0.034

Transition a a, X dyq g, 7

parameters 6.5 12.0 -1.15 1.0 0.0 1.0

IV. RESULTS OF INTERACTING BOSON-FERMION The first term describes the usual interaction betwedn
MODEL (IBFM) CALCULATION boson and the odd particle. We use the simple form based on

microscopic considerations which has been described by

The Iev_el properties of°Zn have been calculated_usmg lachello and Scholtefil5]. The second term contairfsbo-
the formalism of the IBFM to understand the underlying ex- . :

- . L . son operators. We have taken the simple form given by

citation mechanisms. The present calculation includes the in-

teraction between the collective quadrupole as well as octu- _ R o tF gt
pole and the single-particle degrees of freedom. The Vaarp= Aol Uity —vjoj )Yl (s T+ TTs)
conventional interacting boson and boson-fermion models +X3(dT7+fTH)}3{af5j,}3]. (6)

consider only the quadrupole excitations of the even-even

core. We have not come across so far any calculation of the The codeopba [16] has been modified to include the
level properties of the odé-nucleus in the framework of the boson in the core. The boson core is taken to*#@a. The
IBFM incorporating octupole degree of freedom. A commonparameters of the boson Hamiltonian have been obtained by
feature of the nuclei in thé= 60 region is the existence of fitting the energy levels of?Zn. The single-particle energies
octupole vibration states around 3 MeV. In the interactinghave been taken from the energy levels®dii [17]. The
boson model this feature is taken care of by introducing amccupation probabilities and the quasiparticle energies have
f (L=3) boson of negative parity12]. The total boson been obtained from a self-consistent BCS calculation by tak-

Hamiltonian can be written as a sum of three parts ing the pairing strength to be equal to 0.3 MeV. We have
slightly changed the quasiparticle energy for fag level so
Hg=HsgtH¢+ Vs, (D as to reproduce the lowest level. The quasiparticle ener-

gies, the occupation probabilities for the single-particle lev-

whereH, is the usuas-d boson Hamiltoniafi13], Hyisthe o\ ang all other parameters used in the present calculation
pure f boson term, and/qy; is the interaction between the 5.0 given in Table II.

quadrupole and the octupole degrees of freedom. In the Sim- The gperators for electromagnetic transition consist of
plest approximationH; is taken asegn; wheren; is the o parts

number off bosons. We restrict the maximum numberfof

bosons to unityVy; is taken in the present calculation as TN =Tg(N)+T,(N). @)

Veai=Aqgi(Lg-Ls). (20 TheE2 andM1 transition operators for the boson part are
given by
The parameter, 4 is identical with the parameteteLL
used in Ref[14]. For the odd mass nucleus, the total Hamil- Te(E2)=a[(sTd+d"s)2+ y(dTd)?], (8)
tonian consists of three parts,
=gq(dTd) + x L%
H=He+ Hy+ Vay. 3 Te(M1)=gq4(d'd)"+ [ Tg(E2) XL] 9
The parametery is identical with the parametél 1E2 used
Here H, refers to the particle term andg, is the boson- in Ref.[14]. The fermion operator fok 1 transition is given
particle interaction. For only one odd fermion, we have  in Ref.[18]. For theE2 transition, the fermiofE2 operator
is given by

Hp:Z Ej[aJTaj]O, (4) . . —
J To(E2)=2 ag(jllY2lli")(afa;0% (10

wheree; is the single-particle energy of the level A par- .

ticular feature of the structure of this odd mass nucleus is th&he orbitalg-factor for neutrons is taken to be zero. The spin

interaction between the octupole phonon excitation and th@-factor is quenched by a factor 0.6, a value frequently used

single-particle degrees of freedom. The boson particle interin this mass region. The values of the other parameters are

action can be written as a sum of two terms: listed in Table Il. However, it must be remembered that

IBM-1 is not really suitable for describing thé 1 transitions

Vip=Vsdpt Vsdtp- (5)  between levels arising out of different core states. So only a
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L~ states. The predictions for other branching ratios agrees

801 __ _e5/27 —— 272 63Zn reasonably well with the experimental values.
.01 Ter/e —— B2 The spin parity of the state at 4357 keV has been pro-
- R Y posed to be £ 7). We assume this level to originate from
7 6.0 — fé?g: . the coupling of thegy, orbit to the 3~ octupole state of the
g 50 ] 1972~ < f;j: g;g’l core. This level decays to the first and the secéhti(at
g7 L . 2587 and 3482 ke)/states and thé/ ™ (at 3766 keV state
o 40 1572 e ,}ggi s through the emission of the 1770, 875, and 591 kekays,
2 5.0 i:ﬁ_ T e /2, T 13/’{ respectively. The corresponding experimental branching ra-
SV T e T ua —aue e tios are 60:35:5. The first and secot!” levels arise from
5 2.0 /352: :/gg: ot ot the coupling of thegg, to the first and second 2states of
o] —:zé: —;;',’g: Theo. Expt. 627n, respecti.vely..Thé}*_ level has the structurgg,®4; .
| = % — The 3~ level in neighboring®Zn [3] nucleus decays to the
0.0 = 32~ 3/z 2] and 2% states. So the decay pattern of these stéites
Theo. Expt. 637n) agrees reasonably well with that observed in the even-
even core.

FIG. 3. Comparison of the experimental level scheme and the Thel% levels at 5408 and .5426 keVv dgcay to ﬁﬁe (at
results of the theoretical calculation described in the text. 2936 and 3529 ke)/states. Since there is no decay to the
27 level at 4357 keV, we conclude that these states have
rough estimate for such transition rates is expected for lowvery little octupole contribution.
lying states. The structure of thé2 ~, 3, and 3~ levels present a
The experimental and the calculated energy levels arproblem. The energies of thg~ and 32~ levels are very
compared in Fig. 3. Some of the experimental branchindow. So they are not expected to arise from the quadrupole
ratios have been compared with the theoretical predictions iexcitation of the core. In the neighborifgGe isotope, these
Table lIl. Single-particle transfer reaction shows that{he states have been described as arising from the coupling of the
level at 1064 keV has a finite contribution from tlig,  negative parity states in the even-even core tajgpesingle-
single-particle orbita19], which is outside the model space particle level[4]. However, all the negative parity core states
used in the present calculation. This is possibly the reasoim this mass region do not arise from octupole vibration. In
for the poor agreement between the theoretical and the exeighboring Ge isotopes, it has been found necessary to in-
perimental branching ratios for the decay modes of the twalude noncollective fermion pairs along with the usadlf
boson space that we have us€20]. For example, in
TABLE IIl. Comparison of calculated and experimental branch- 64666%e, the lowest 5 state has almost 30% contribution

ing ratios. from the fermion pair states and the lowest @nd 9~ states
= : _ _ are almost pure fermion pair states coupled togtéoson
Initial level Final level Branching ratio  space. In%Zn, the lowest 5 state arises mainly from the
J7 keV J7 keV Calc. Expt. quadrupole-octupole vibration and hence can be adequatel
y
3 637 1- 048 5 3 described by thedf boson model. However, the, 7state in
2 2 64
3 0 05 o Zn decays to the B, states but not to the 5state. It has
5 650 i 193 10 15 been suggested that many of the irregularly spaced negative
2 5 parity levels havingl>7" possibly arise due to noncollec-
3 0 90 85 . N -
; 2 tive quasiparticle excitations3].
- 1064 5- 650 51 20
: 133 sz ;55 V. CONCLUSIONS
2
- 1207 3- 637 0 4 The level scheme 0f3Zn has been studied through the
5- 193 29 56 50Cr(*®0,2pn) reaction at a beam energy of 75 MeV to
2 ; R 6
3- 0 39 40 explore the nature of the high spin states’&n. A total of
9 2051 7 1064 90 100 37 transitions and 18 energy levels have been placed in the
z g, 193 10 0 proposed level scheme. A positive parity unfavored band and
13- 3529 ﬁf 2320 60 60 a negative parity band have been established, in addition, to
2 z 20 confirming the levels already known from earlier work. The
1as 2 51 40 40 structure of this nucleus has been investigated in the frame-
2 3482 (% 2828 30 43 work of IBFM. For this purpose both the quadrupole and the
2+ 1704 70 57 octupole excitations of the even-evéfZn core have been
(L) + 3772 (ih+ 2828 10 21 taken into account. The structure of the positive parity yrast
La+ 2587 90 79 band based on thé™ level at 1704 keV is understood in
(2 5079 (3772 74 terms of a weak coupling of thgy,, neutron to the quadru-
? 17 3766 26 pole phonon excitations of the even-even core. The )

n|

state at 4357 keV has been predicted to be of octupole nature
dExperimental data taken from R¢f]. originating from the coupling of thgg, orbit to the 3~ level
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