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The levels of ¢>%1Zn and 5*%Cu have been investigated using y-¥ coincidence spectroscopy in the
reactions **Ni(a,n)%'Zn at 13 MeV, *Ni(a,ny)%'Zn at 11.5, 15, and 20 MeV, *Ni(°Li,p2nv)*'Zn at
30 MeV, **Fe(1°B,p2ny)®'Zn at 45 MeV, “Ca(*Mg,2pny )*'Zn at 65 and 80 MeV, **Ni(*He,ny )*°Zn
at 8 and 12 MeV, “°Ca(**Na,p2ny)*°Zn at 70 MeV, **Ni(*He,pny )*°Cu at 12 MeV, **Ni(a, pny )*°Cu
at 20 MeV, and “°Ca(**Na,2pn v )*°Cu at 70 MeV. In the helium-induced reactions, spectra were gat-
ed with neutron coincidences. New levels have been found in all the nuclides studied, and a number
of new spin assignments were made on the basis of n-y angular correlations. The results are com-
pared with earlier y-ray and particle studies, and with preexisting shell-model predictions.

I. INTRODUCTION

The light Cu and Zn nuclei lie just beyond the closure
of the f;,, shell at 56Ni, with both protons and neutrons
occupying the ps3 ,, f5,2, and p, , subshells. Shell-model
calculations of such nuclei are based either on reaction
matrix elements or empirically determined interactions.
Examples of the former type'? provide spectra and prop-
erties of Cu and Zn nuclei with 4 < 60, while Refs. 3 and
4 deal with all the isotopes. Other attempts to model
such nuclei have used weak coupling between a valence
particle or cluster and a vibrating core.”>® Such calcula-
tions have not dealt with the light isotopes explored here.
An additional aspect of the nuclei in this mass region is
the presence of the g4, subshell. Having opposite parity,
single-particle excitations to the go,, shell are not mixed
with the states arising from the f and p shells. However,
as the number of particles beyond >°Ni increases, the en-
ergy of the -g—+ excitation decreases smoothly.

The experimental situation in the light Zn isotopes is
made difficult by the lack of targets for single-particle
transfer and the propensity of Z ~N compound nuclei for
charged particle decay. In spite of these difficulties, there
have been a number of heavy-ion transfer and gamma-ray
studies of ®Zn (Refs. 7-14) and %'Zn (Refs. 11 and
15-17). It was the object of this study to confirm and ex-
tend the y-ray work, to aid a fuller comparison with the
calculations. The experiments included (**He,n) reac-
tions on *®Ni, using neutron and gamma detection, singly
and in coincidence, and angular distributions, as well as
y-y coincidence spectroscopy with a number of heavy-
jon-induced reactions on *®Ni, 3*Fe, and *°Ca. As a by-
product, information was obtained for the more abun-
dantly produced nuclei >*°Cu. Much y-ray work has al-
ready appeared for these nuclides,”!®?° but a number of
new results have been obtained and are reported here.

II. EXPERIMENTAL

The experiments were carried out at the McMaster FN
Tandem accelerator using >*He, °Li, and 2*Na beams
from a charge exchange source and other heavy ions
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from a sputter source. Self-supporting metal targets were
used in small stainless steel or plastic target chambers us-
ing tantalum collimators and 2%Pb or gold beam stops.
Target thicknesses were about 50 ug/cm? for neutron
spectroscopy and heavy-ion experiments and over 1
mg/cm? for the helium-induced y, y-y, n-y, and angular
distribution measurements.

Neutron spectra were observed using a Seforad 3He-
filled detector?® and v rays in an array of assorted Ge and
Ge(Li) detectors. For the n-y experiments, a 5X5 cm
plastic scintillator with standard pulse-shape discrimina-
tion was used, at 0° behind 3 cm of lead, with two Ge
detectors at 90° to the beam and to each other. For the
heavy-ion y-y experiments, an array of 5 Ge detectors
was gated by a multiplicity filter of 6 Nal counters. Data
were recorded in event mode on tape. The Ge detectors
were calibrated in energy and efficiency using an assort-
ment of standard ¥ sources, and beam-induced y radioac-
tivity. The neutron detector calibration was made using
the *’Al(p,n)?’Si reaction [Q =—5.594(1) MeV] at a
number of incident energies.

In addition to energy information in the n-y and y-y
experiments, timing was also recorded so that any
nanosecond isomers could be found. For the major y
transitions, where good statistical precision was obtained,
centroid shifts down to about 1 ns were in principle dis-
cernable. In the angular distributions, Doppler shifts as
small as 0.2 keV could be observed by taking advantage
of the internal calibrations provided by beam-induced
target radioactivity. In the helium reactions, maximum
shifts were 0.4% so Doppler shift attenuation method
(DSAM) lifetimes up to about 1 ps were measurable.

For %Zn, the principal reaction employed was
®Ni(a,ny)%Zn at beam energies of 11.5, 15, and 20
MeV. Singles y, n-y, y-v, and n-y-y coincidence spectra
were observed. Angular distributions of ¥ rays in coin-
cidence with neutrons detected at 0° were used to obtain
spins and parities of excited states. The detection of the
reaction neutron on the beam axis increases the align-
ment, and consequently the magnitudes of angular distri-
bution coefficients, only slightly compared with those ob-
tained in singles angular distributions. Corrections to the
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alignments for top and side feeding were made in a self-
consistent manner once a level scheme was established.
The mixing ratio phase convention used was that of Rose
and Brink?’ and the uncertainties were determined using
the method of James et al.?® The **Ni(a,n)%'Zn neutron
spectrum was measured at a beam energy of 13 MeV.
Similar measurements of ¥ singles, n-y and n-y-y coin-
cidences, and n-y angular distributions were made for the
8Ni(3He,n v )%°Zn reaction at 8 and 12 MeV.

Several heavy-ion fusion-evaporation reactions were at-
tempted. For 6171, the most useful were 58Ni(6Li,p2n)
and >*Fe(!°B,p2n) at 30 and 45 MeV, respectively and
OCa(**Mg,2pn) at 65 and 85 MeV. For %Zn, only
“0Ca(?*Na,p2n) at 70 MeV showed any appreciable
strength and no further spectroscopic information was
obtained, in spite of the much greater angular momentum
involved.

In the higher-energy *®Ni+ >*He reactions, the yield of
the pn exit channel leading to >®Cu was high. Analysis
of these events, together with those from the
40Ca(®Na,2pn)®Cu reaction led to new levels and transi-
tions for these isotopes.

III. RESULTS

In the reactions studied here, several isotopes of Cu
and Zn were found. Although traces of *°Zn were sought
carefully both in beam and with beam pulsing, no clear
evidence was found. On the other hand, ¢'Cu was to be
seen in abundance, but since its spectroscopy has been ex-
tensively reported,'! it is not included here. New results
obtained for ©%'Zn and **%°Cu are given in the follow-
ing.
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FIG. 1. Singles 4096-channel ¥ spectrum from >*Ni+a at 15
MeV. Only the °'Zn lines are marked with their energies in
MeV. The remainder come from competing reactions, princi-
pally **Ni(a,p)*'Cu.
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FIG. 2. *®Ni(a,ny)%Zn neutron-gated spectrum at E,=15
MeV. (D =doublet, see the text).

A. $'Zn

The singles y-ray spectrum of **Ni+a (Fig. 1) is dom-
inated by the (a,py) reaction to levels in ®!Cu, already
thoroughly investigated.!> Only the strongest lines of
61Zn are clearly visible. The value of accepting the low
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FIG. 3. *Ni(a,nyy)*Zn neutron-gated coincidences at

E,=15 MeV. Gates: (a) 0.124 MeV, (b) 0.755 MeV, and (c)
0.872 MeV.
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FIG. 4. **Ni(a,ny)*Zn neutron-gated angular distribution at E, =15 MeV, E, =0.755 MeV. The x* vs tan™' & plot is for the in-

dicated J; values, for J;— 3.

efficiency of neutron coincidence spectroscopy in observ-
ing the (a,ny) channel has been demonstrated in Refs.
16 and 17. The n-y. coincidence spectrum of Fig. 2, taken
at E,=15 MeV, illustrates the selectivity of the neutron
detector in this work. Figure 3 shows the quality of the
y-y coincidences obtained for ¢Zn.

Figure 4 is an example of the n-y angular correlation
results and the nature of the fitting procedure. The
curves of y? vs tan” '8, shown for three choices of J;,—3
for the 0.755—0 MeV transition, are fairly insensitive to
reasonable variations in initial-state population parame-
ters. The absence of observably delayed coincidences
places the lifetimes of all the ¢'Zn levels found below 1 ns.
On the other hand, no Doppler shifts were found so it
may be inferred that the lifetimes are greater than 1 ps.
Although not definitive, these limits allow some restric-
tion in spin-parity assignments using the recommended
upper limits of Endt.?

Figure 5 contains a neutron spectrum taken with the
3He-filled detector at a beam energy of 13 MeV. The
peak at low energy is caused by slow neutrons, while the
broad high-energy peak is from the (a,n) reaction on '2C.
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FIG. 5. **Ni(a,n)%Zn neutron spectrum at E,=13 MeV.

From such spectra, a mass excess of —56.369(8) MeV
was derived. Table I contains a listing of the energy lev-
els and transitions deduced from the neutron singles, n-y
and y-y coincidence and n-y angular distribution mea-
surements. Close doublets occur in ®'Zn at 0.938, 1.006,
and 1.403 MeV. The relative intensities of these were de-
rived from shifts of the centroids between the n-y and n-
y-v spectra. Accordingly, less confidence can be placed
on these intensities and angular distributions than on
those for clearly resolved lines. Figure 6 is the level
scheme of ®'Zn based on the preceding work. The top
transition was observed only in the heavy-ion reactions.
The filled circles indicate observed y-y coincidence rela-
tions.

B. Zn

The n-y spectrum of °Zn, taken at a *He beam energy
of 12 MeV, is shown in Fig. 7. Figure 8 is an example of

4.413
3.337
9/2,13/2~ 2,797
1Hs2- 2.400
T/2,11/2- 2.270
2.099
o/2-"" ~2.002
5/2-,7/2 1.659
7/2—~ — 1.402
3/2-,5/2- T 1.361
9/2-" “ 1.265
7/2- — H = _0.996
1/2-7/__ 0.938
5/2-"° » 0.755
3/2- 0.418
5/2 = l I s 0.124
/72— IT— 0.088
3/2-7 N o

6l
Zn
FIG. 6. Proposed level scheme for ¢'Zn.
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the n-y-y coincidence spectra at 12 MeV. Table II con-
tains the y energies and angular distribution coefficients,
together with deduced energy levels, decay branching,
and spins. As in the 61Zn case, no measurable lifetime
effects were found either in coincidence delay or Doppler
shift so only broad limits 1 ps to 1 ns can be assigned for
the lifetimes of all the levels reported in Fig. 9.

C. *Cu

In the *®Ni+>°He experiment intended to further
knowledge of 60Zn, many lines of **Cu were seen, particu-
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larly at 12 MeV. By setting gates on the well-known
lower transitions,'® it was possible to observe a few higher
transitions, annotated in Table III and shown in Fig. 10.
The spin-parity values are from Refs. 18 and 20.

D. °Cu

At 20 MeV, the *®Ni+a spectrum contains the
stronger lines of ®Cu from the np exit channel. The
8Ni(*He,py )®Cu yield is much higher, so coincidences
could be found in the Y-y spectra by removing the neu-
tron coincidence requirement. Further transitions were

TABLE I. Levels and transitions in 'Zn.

E; E, E, Branching ratio A, A, Jr J7 )
(MeV) (%)
0.088 0.088 0.000 100 —0.07(6) —0.04(8) 3 3
0.124 0.124 0.000 100 —0.13(1) —0.02(1) 3 3 0.05(2)
0.418 0.418 0.000 85 0.15(4) 0.00(5) 3" 3 0.10(5)
0.330 0.088 10 0.02(10) 0.12(20) 1 —0.27(13)
0.294 0.124 5 0.26(19) 0.20(26) 3 0.44(37)
0.755 0.755 0.000 97 —0.66(2) 0.10(2) 3 - 0.07(4)
0.631 0.124 2 3
0.337 0.418 3
0.938 0.938 0.000 38 3-
0.850 0.088 36 7
0.520 0.418 26 3
0.996 0.996 0.000 44 0.19(5) —0.49(9) o 3"
0.882 0.124 53 —0.77(3) —0.24(6) 3 1.9(1)
0.578 0.418 3 3
1.265 1.141 0.124 100 0.35(6) —0.28(8) 3 37
1.361 1.361 0.000 51 —0.02(16) 0.25(20) 37,37 3 0.29(17), —0.18(11)
1.237 0.124 24 3-
0.943 0.418 17 3
0.406 0.755 9 3
1.402 1.402 0.000 69 1
1.278 0.124 17 3
0.984 0.418 12 3-
0.647 0.755 2
1.659 1.535 0.124 78 —0.39(13) —0.98(21) 3,17 3” 1.4(9)
1.241 0.418 22 3
2.002 1.247 0.755 66 0.30(11) —0.58(16) 3 37
1.006 0.996 34 —0.77(11) 0.13(18) 3 0.4(4)
2.099 1.975 0.124 100 3
2.270 1.274 0.996 95 —0.26(10) —0.51(14) 048 I —1.9(4)
1.005 1.265 5 2~
2.400 1.404 0.996 100 -
2.797 1.532 1.265 100 —0.26(12) —0.47(18) 2,8 1 2(1)
3.337 0.937 2.400 100
4.413 1.076 3.337 100
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FIG. 7. **Ni(°*He,ny)*Zn neutron

found in the *°Ca(**Na,2pn)®Cu reaction. All the levels
and transitions observed are summarized in Table IV and
Fig. 11. The spins and parities come from Refs. 7 and 21.

IV. DISCUSSION

The level schemes resulting from this work and that of
others may be compared with the shell-model calcula-
tions of Refs. 3 and 4. It is noteworthy that at the time
the shell-model calculations were made little was known
of the excited states of ®*Zn and nothing of 'Zn. The 66
parameters of the adjusted surface delta interaction

-gated spectrum at E;, =12 MeV.

(ASDI) were fitted to 101 levels of Ni and Cu isotopes
with 57 < A4 <66 in Ref. 3 and consequently used to cal-
culate levels of >’ ¢'Ni and ¥ %Cu. Reference 4 used
the same parameters to calculate levels of ©©~%Zn. In
61Zn, where more definite spin information is now avail-
able, the calculated and experimental levels are in accord
up to 2.5 MeV. It seems likely that the heavy-ion experi-
ments in which the higher levels were observed feed
predominantly the yrast states, leaving many low-spin
states undiscovered. There is a striking similarity be-
tween the level schemes of ®>%'Zn and *%>"Fe (N =30, 31,
Z =28+2).
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FIG. 8. **Ni(*He,nyy)%“Zn neutron-gated coincidence spectrum at E; =12 MeV. Gate: 1.189 MeV. The strong impurity lines

are in *°Ni (0.339, 0.547, 0.759, 1.342 MeV) and *°Cu (0.339, 0.454,

1.399 MeV).
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TABLE II. Levels and transitions in “Zn.
E; E, E, Branching ratio A, A, Jr J7 b}
(MeV) (%)
1.003 1.003 0.000 100 0.49(2) —0.09(2) 2t ot
2.191 1.188 1.003 100 0.50(2) —0.26(3) 4+ 2t
3.034 2.031 1.003 100 2%
3.509 2.506 1.003 88 0.31(5) —0.27(5) 2t,4% 2t +3(1)
1.318 2.191 12 47
3.626 2.623 1.003 100 2+
3.811 2.808 1.003 100 2+
3.971 3.971 0.000 70 0.02(9) —0.37(17) 27t ot
2.968 1.003 10 2t
1.780 2.191 14 4+
0.462 3.509 6 2%,47
4.199 2.008 2.191 67 0.43(17) 0.71(36) 5F 4+ —4(2)
0.690 3.509 33 2,4t
4.349 2.158 2.191 100 0.47(9) 0.36(12) 5t 4+ —3.5(5)
4.774 2.583 2.191 100 0.21(19) 0.44(23) 5+ 4+ <—45
4912 3.909 1.003 72 2+
1.403 3.509 28 2,4t
5.336 4.333 1.003 35 2+
1.827 3.509 65 0.52(7) 0.14(12) 3t,4% 47" +1.0(5),0.0(2)
or 3* 2% +0.5(1)
5.502 1.531 3.971 100 2+
6.638 3.129 3.509 34 2,4t
2.439 4.199 47 5+
1.726 4912 19
7.371 3.400 3.971 100 0.53(8) —0.85(11) 4+ 2+
8.701 4.502 4.199 30 5%
2.063 6.638 70
8.70! A. $1Zn
For the most part, these y-ray results for ¢'Zn agree
ot 7.371 with those of Smith et al.!” An exception is their propo-
) sal that the 2.002 MeV level is a 3 state. The upper life-
6.638 time limit and strong decay to the 3~ 0.755 MeV level
5.502 4,294
34,4+ 5.336
4.912 3.737
5+ 4774 5/2+ 3.578
5+ , 4.349
5+ 4.199 3/2- 3130
2+ . :g%‘lrll ~ 3022
pean? X 3628 5/2.9r2 ERTT
5/2+ Y 1.988
7/2- ~ 1.865
4+ 2.9
7/2- 1.399
5/2- 0.914
2+ 1.003 172~ 0.491
or o 3/2- o
607n 59Cu

FIG. 9. Proposed level scheme for ©°Zn.

FIG. 10. Levels of 5°Cu, showing the coincidence relations
found.
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make this seem unlikely. It is perhaps significant that the
1.006 MeV transition to the ™ state on which the parity

R. B. SCHUBANK, J. A. CAMERON, AND V. P. JANZEN

TABLE III. Levels and transitions in **Cu.

E, E
measurement of Ref. 17 rests was, in this work, contam- (MeV) v
inated by the 1.005 MeV transition higher in ¢'Zn. This
leaves as the most likely candidate for the " state the 2.318(1) 1.827(1) a
2.797 MeV level, but no parity determination has yet ;ggﬂi; (1)3;;8; E
been made. If this is indeed the -§—+ state, the decrease in 2.663( 1 0'798( D a
excitation energy of the gy, level with increasing A 3.122(1) 2.631(1) c
through the odd Zn isotopes would be quite smooth. The 2.207(1) c
model calculation of Ref. 4 indicates that negative-parity 3.130(1) 2.638(1) a
levels of spin § and 1 are expected at this excitation en- 2.214(2) a
ergy as well. 3.580(1) 2.666(1) a
The “°Ca(**Mg,2pn)®'Zn reaction gives a further level 1.592(1) a
at 4.413 MeV. Its decay, via two transitions to the 4~ 3.737(2) 2.823(2) c
state at 2.400 Mev suggests a spin of at least £*. Three 4.294(2) 2.895(2) c
particle groups seen in the (a,n) reaction suggest further  aeve] and y seen in (p, 7).
levels at 1.802, 2.357, and 2.484 MeV, but these have not ®Level seen in (p, ).
been confirmed in any of the y-ray or cluster transfer ex- °New level, new 7.
5.827
l 4.479
4.093
3.877
a ST
3.6245-
3575 3594
7 3303
7+ 3.191
6- 3.155
3.066
6 2817 5 290
6+ 2,692, 5o0
2.539
X 25192524
2350
2.246
6+ 297
d 2582
157
5+ l.668:':’9
> ' 1583 >
: a2
E 1.249
]
! /1007
0.975
0947
34,4+ N 0915
i : 0.904
3+ : 0T8I o
.600 O
a- . T \0.557 57!
hes ’ ! 036303
2+ T . : 02872334
! : ’
3 } l 1= 9062

GOCU

FIG. 11. Proposed level scheme for “°Cu.
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TABLE IV. Excited states observed in ®°Cu.

(MeV)

(*He,py )?

(HL,Xy)?

(a,npy)®

(p,ny) and
B decay®

(*He,t) and
(3He,p )c

0.062
0.287
0.334
0.363
0.454
0.557
0.571
0.600
0.669
0.781
0.904
0.915
0.947
0.975
1.007
1.249
1.368
1.422
1.427
1.505
1.604
1.660
1.668
1.779
1.791
1.878
2.027
2.035
2.197
2.246
2.350
2.519
2.524
2.539
2.658
2.692
2.790
2.817
3.066
3.155
3.191
3.315
3.355
3.594
3.624
3.699
3.773
3.837
3.877
4.093
4.479
5.824

XXXXXXXXXXXXXXXXXXXXX

XX XX XXX

X X X X

XXX XXXXXX X

X

XX X X XX

X

X X X

X XXX X

X

X X X X X

X X X X X X

X X X

X X X

X X

XXX XXX XX

X X X

2Present work.
*Reference 21.
°Reference 7.
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periments.” Of the twelve levels reported above 2.5 MeV
in the cluster transfer experiments, only three, at 2.520,
2.979, and 3.337 MeV, were found in this work. The
mass excess of —56.369(8) MeV is in good agreement
with the value —56.352(20) found by Woods er al.'*
from the *®Ni(°Li,#)%!Zn reaction.

B. “Zn

The %Zn results confirm and extend the earlier
(3He,n7/) work of Kamermans et al.® All the levels ob-
served in the (*He,n) experiments’ were found in this
work, with the exception of the 5.200 Mev state.

Among the states found in the heavy-ion two-proton
transfer reactions are a number of proposed analogs.'?
The 4.88 MeV 27 state seen in (1°0,'*C) and suggested as
the analog of the °Cu ground state”!?> may be the level
observed here at 4.912 MeV, though no clear spin assign-
ment is possible from the present results. Two T =2
states have been proposed, at 7.38 and 8.73 MeV, as ana-
logs of the ®Ni ground and first excited states. If the
former is in fact the level found at 7.371 MeV in this
work, the spin assignment of 07 is inconsistent with the
large anisotropy of its 3.399 MeV y decay. In this work,
no spin assignment was possible for the 8.701 MeV level
which may be the 2" analog. A number of states above 4
MeV have been identified'® as members of two-proton or
two-neutron configurations involving g4, nucleons. Few
of the levels found in this study are consistent with these
configurations, but this is hardly surprising in view of the
undoubtedly high level density and the low angular
momentum of the (*He,n) reaction.

A further spin assignment inconsistency between this
work and the earlier studies is that at 3.509 MeV. The
large A, coefficient in the angular distribution of the
2.506 MeV decay is difficult to reconcile with a 37 —2%
interpretation. However, the lower resolution of the par-
ticle work makes positive identification of those levels
with these difficult.

The shell-model calculations of Ref. 4 provide more
levels between 3 and 5 MeV than have been observed in
any of the experiments. The three 51 levels between 4
and 5 MeV are not predicted at such a low energy. This
may be a peculiarity of the 8-function force used in the
model calculation.

C. *Cu

Most of the >°Cu levels found in this work are already
summarized in Ref. 18. The presence of the 2.391 MeV
level, suspected in (p,y) singles work,!%2% is confirmed.
The 3.122 MeV level has not previously been observed.
The 3.737 and 4.294 MeV levels may be the same as the
previously reported 3.742 and 4.301 MeV states, al-
though the decays observed do not agree closely. It is
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likely that the second 1~ level at low energy is a f5,,

hole state, similar to those seen in other odd Cu nuclei
and in the N =29 isotones.

D. %°Cu

This study has located most of the known levels of
%Cu up to 3.8 MeV and a number of (presumably) high-
spin states beyond. Table IV presents a summary of the
comparison of these results with those of previous stud-
ies. The most exhaustive of these is that of Chan et al.?!
using the **Ni(a,npy)®Cu reaction. All of their levels
and transitions are confirmed in this work. The 0.947
MeV level was previously seen weakly in the decay of
€Zn.22 This and several other observed levels likely cor-
respond to those found in (*He,p) and (*He,t) measure-
ments.”> 2> The eight further transitions found in the
“0Ca(®Na,2pny )®Cu reaction extend both the positive-
and negative-parity high-spin levels established in Ref.
21.

The 0% level reported at 2.536 MeV from (*He,py)
(Ref. 23) and interpreted as the analog of the *Ni ground
state may be one of the three levels found here near that
energy. Two of them, however, at 2.519 and 2.539 MeV,
decay to the 57 1.604 MeV level and are therefore ex-
cluded as 0" candidates. The only observed decay of the
central level at 2.524 MeV was to the 0.363 MeV state
(17). The 3.877 MeV level is unlikely to be the 3.874
MeV state found in (3He,p) and (PHe,t) with a tentative
L =2 transfer and proposed as the analog of the 1.333
MeV first excited state of °Ni.>#?> From its decay to
both the 21 ground state and the 6% 2.197 Mev level, the
3.877-MeV state is undoubtedly 4.

V. CONCLUSIONS

The spectroscopy of light Cu and Zn isotopes reported
here confirms and extends earlier gamma-ray and particle
studies. A number of significant discrepancies remain to
be resolved. In particular, the identification of the gy,
state in %'Zn is uncertain, as is that of the (J7, T)=(0%,2)
level of %°Zn. A potential 0" analog in °Cu at 2.524
MeV exists but the level observed in this work at 3.877
MeV is not the proposed 2%t analog state. It is
noteworthy that the experimental level schemes, now
fairly well developed, are in good accord with the shell-
model calculations, which long preceded them.
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