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The (d,p) reactions on Zn'4, Zn", Zn", and Zn" were studied with ~90-keV resolutions and analyzed
with distorted-wave Born approximation calculations. About 20 levels from each of these reactions are
identified and assigned to shell-model states. Sum rules are applied to estimate the degree of the Glling of
these. The results for this and locations of the "centers of gravity" of the shell-model levels are compared
with results for isotonic nuclei, and with pairing theory. Measurements on (d,t) reactions are also included;
among other things, they indicate that the 39th and 40th neutrons go predominantly into g9~2 rather than
p1q2 states.

INTRODUCTION AND EXPERIMENTAL cyclotron. The reaction products were magnetically
analyzed by a magnetic spectrograph and detected by
photographic plates. A detailed description of the ex-
perimental method has been given elsewhere. '-'~. The
targets were highly enriched isotopic targets of Zn",
Zn Zn and Zn 8 on gold backings The target thick-
nesses were determined by measuring the cross sections
for a few strongly excited levels with a natural zinc
target of well-determined thickness, and normalizing
measurements with the isotopic targets to these. This
method led to uncertainties up to 30% in some cases;
this is the principal source of error in the present meas-
urements. In some cases, errors in cross sections may re-
sult from the Au background.

Typical data for (d,p) reactions are shown in Fig. 1.
Data were taken at nine angles between 9 and 50' to
obtain angular distributions. The resolution was about
90 keV at most angles, but was somewhat poorer at
the forward angles.

For (d, t) reactions, the spectra were obtained at angles
45 and 60' by using a natural zinc target foil without Au
backing; this eliminates the rather considerable con-
fusion from Au backgrounds. The individual low-lying
levels of Zn", Zne~, and Zn" were identified from their
known energies. No levels of Zn" and Zn" were ob-
served because of the large negative Q values for (d, t)
reactions leading to these isotopes. Typical data for
(d, f) reactions are shown in Fig. 2. The energy resolution
here was about 70 keV.

Absolute cross sections are uncertain by about 25%;
relative cross sections for various groups and for the
same group at diferent angles are uncertain by about
10% except where statistics are meager or the back-
ground is large and//or uncertain.

S TRIPPING reactions have been widely used for
experimental and theoretical studies of nuclear

structure. In previous papers' ' such a study was re-
ported for the isotopes of titanium, iron, and nickel;
in this paper, we extend the study to the isotopes of
zinc, which is the next-heavier even element in this
series. Shull and Elwyn4 have reported a few low-lying
energy levels in Zn" Zn" Zn" and Zn" from (d p)
reactions. In their investigations of the energy spectra
of protons with scintillator energy resolution, they
assigned spins and panties on the basis of Butler
stripping theory. '

The present work, carried out with better than 100-
keV resolution is analyzed with distorted-wave Born
approximation' (DWBA) calculations which have been
found to be quite successful in this region. In addition,
some data are obtained from (d, f) reactions. This
allows the assignment of spins and parities to almost
all levels (up to about 5-MeV excitation) that are ap-
preciably populated in these reactions. Since almost all
levels with sizable components of the lowest-lying shell
model states —ps/s f5/s pl/s fg/s ds/s and st/s —are ob-
served, it is possible to apply sum rules to determine the
degree of occupation of these states in each of the
various isotopes. These results can then be compared
with the predictions of pairing theory, and are available,
along with the detailed level structure, to compare with
more sophisticated shell-model calculations that may
be forthcoming.

Targets of zinc isotopes were bombarded with 15-
MeV deuterons from the University of Pittsburgh

~ This work was done at Sarah Mellon Scaife Radiation Labora-
tory and supported by the National Science Foundation.

' S.L. Cohen, R. H. Fulmer, and A. L. McCarthy, Phys. Rev.
126, 698 (1962).

~R. H. Fulmer and A. L. McCarthy, Phys. Rev. 131, 2133
(1963).' R. H. Fulmer, A. L. McCarthy, B.L. Cohen, and R. Middle-
ton (to be published).

4 F. B. Shull and A. J. Elwyn, Phys. Rev. 112, 1667 (1958).' S. T. Butler, Proc. Phys. Soc. (London) 208, 559 (1951).' We are indebted to G. R. Satchler, R. H. Bassel, and R. M.
Drisko for the distorted-wave Born approximation calculation.
The calculations used here were for Ni—58, using the followin
optical-model parameters: For deuteron, V =79.5, rp =1.27
a=0.739, m'=82, r '=1.389 e'=0.625; for proton, V=57—0.5
E~, rp=rp'=1. 25, a=0.65, m'=42, g'=0.47.

RESULTS

Some of the angular distributions of protons from
(d,p) reactions are shown in Figs. 3, 4, 5, and 6. The
assignment of l values was made by comparison with
DWBA calculations, some of which are shown in I'ig. 7.

g B.L. Cohen, J. B.Mead, R. E. Price, K. S. Quisenberry, and
4, C. Martz, Phys. Rev. 118, 499 (1960).
8 Targets were obtained from Atomic Energy Authority, Har-

well, England.
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Pro. 1. Typical data
for roton spectra from
(d,p reactions. These
data are from Zn" (d,p)
observed at 12'. Num-
bers above peaks are
excitation energies of
6nal states in MeV.
Peak labeled "Au" is
the peak from the gold
backing. The decision as
to what is a true peak
is made on the basis of
data at all angles, not
just the data shown
here.

l5Q-

7Q ~ ~

60-
n) 5Q-
E
E

Q

20
CL

(3
IQ—0 q

76-
5-

4.24409

EIF
-'.&

'

Zn~(d, p)

8 =Iz

2.9l
2.60 240

225 AU

~ ~

I.65

0.85

0.44

D.ssI

0

~ ~ ~ ~4

~ ~ 4 te
I I I I II I I I

9 30 3l 32 33 34 35 36 37 38 39 4Q 4l
DISTANCE ALONG PLATE (CM)

do/dQ= (2I+1)cr,S,

rized in Tables I-Iv. In these
n i1~ lists the observed energy eve s w ic
a ed with pith revious ata w er

in column (2). Column (3) indicates t e v
assigned.

1 the cross sectionFor an even-ev g-even tar et nuc eus,
for exciting a level of spin I by a, re
given by

(1)

the l f th DWBA calculations.
0 measured at the 6rst peak in

g

e roduct 2I+1) Sis derived
t the corresponding pea in e cgu, 'str,'b „; ns, p

and shown in column
e t for the ambiguity

this ambiguity is resolved y ot er in

600-
500-
400-

C0

Olo

200- o
LLI

68-039

zn~'(d, t)
8=45'

Fxe. 2. Typical data for
triton spectra from (d,f) re-
actions. Angle of observa-

l beled by the mass numbera '
leof target isotope responsi I

and the excitation energies
(in MeV) of level in final
nucleus.

IOO—
80-
60-
50-

'P 40-
~ 30—E

O
20-

CL
UJ
CL

V)~ IO—
8-

I—

5-
4-

68-G

~ 68%.09

I

68-GK

I)

67-2.79
67-3.03

70-0.56
70-G

70-0.44
67-249

67-24C 67-lg+

67-1.04
6l-G

I II II ~ I I ~ ~ ~ ~I ~ ~ ~ ~0 ~ 0' ~ ~

E: E E

5 7 9 II
E, E , E IJ E]

I3 l5 l7 l9
DISTANCE

E i l i E
'

I i i
21 23 25 27 29 3I

ALONG PLATE {CM)

J
35 37 39 4t



E. K. LIN AND B. L. COHEN

TAnLz I. Summary of results from Zn~ (d,p) reactions. TAnLz II. Summary of results from Zn" (d,p) reactions.

Z (Mev)
This
paper Ref. 9

0'max
(mbisr) (2I +1)S

S.M.
state

P (MeV)
This
paper Ref. 9

%max
(mb/sr) (2I +1)S

S.M.
state

0
0.06
0.12
0.21
0.86
1.04
1.35

1.86
2.36
2.49
2.99
3.32a
3.47
3,55
3.65
4.40
4.78
5.16

0
0.054
0.115
0.209
0.86
1.03
1.3
1.38
1.9

3
1
1

(3)
1
4
2

0
1

(2)
0

~ ~ ~

2
(0)
0
0
0

Isotropic

0.67
4.16
4.16
0.37
3.82
1.61
4.16

4.19
1.01
1.06
1.06

~ ~ 0

1.84
3.52
1.66

10.5
15.0

a Mixed with carbon at some angles.

1.23
0.69
0.68
0.67
0.55
6.30
1.52

0.22
0.11
0.22
0.089

~ ~ ~

0.32
0.17
0.076
0.54
0.83

fs/3
p I/8
P3!2
fs/3

PI/2(P3/3)
g9/2
ds/s

$1/3
P»2(P3/3)

ds/3
SI/2

~ ~ ~

ds/2
SI/2
Sl/2
$1/2
SI/3

0.21
0.34
0.17
0.11
0.28 (0.14)
0.63
0.25

0.11
0.056 (0.028)
0.037
0.045

~ ~ ~

0.053
0.085
0.038
0.27
0.42

0
0.09
0.18
0.39
0.60
0.74
0.86

0.98
1.14
1.44
1.49a
1.69
1.81»
2.28
2.42
2.60
2.67b
2.81
3 26b
3.39b
3.55
3.85
4.06
4.30

0
0.093
0.184
0.388
0.59

0.87

0.98

1.7

3
1

(3)
1

Isotropic

1
1
1
0
0
2
0
0

(0)
2

(o)
0
0
0
2

1.15
4.82
0.23
6.16
2.34

0.42
0.45
6.65
3.25
0.73
0.62
3.74
1.74
2.28
3.98
0.60
0.31
1.73

2.73
12.1
8.36
4.62
7.24

1.82
0.67
0.36
0.81
0.82

0.051
1.57.
1.53
0.42
0.08
0.07
0.19
0.086
0.43
0.21
0.029
0.02
0.34

0.14
0.62
0.46
0.27
0.76

fs/3
P3/2
fs/3
P 3/2
g9/3

PI/3(P3/2)
go/6
ds/2

PI/3(P3/3)
PI/2(P3/2)
PI/&(P 3/&)

$1/2
$1/2
ds/2
$1/2
$1/2
$1/2
ds/2

$1/2
$1/2
$1/2
SI/2
ds/2

0.30
0.17
0.06
0.20
0.82

(0.03 0.01)
0.16
0.23
0.21 (1.10)
0.04 (0.02)
0,04 (0.02)
0.10
0.04
0.07
0.11
0.01
0.01
0.06

0.07
0.31
0.23
0.13
0.13

literature. These values of I are listed in column (6)
and used in conjunction with column (5) to determine
the S values listed in column (7).

a Doubtful level.
b Mixed with oxygen at some angles.
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For an odd nucleus such as Zn', we define 5' by

da/d 0= (2j+1)o,S', (2)

where j is the total angular momentum of the stripped
neutron. This quantity is then obtained in Table IV.

The results for the (d, t) reactions are shown in Table V.
Cross sections are listed for the two angles at which
measurements were made. The spins are those known
from other data.

Some individual discussion of the data of Tables I—V
follows:

responding to l=2, but it is probably an unresolved
doublet. The angular distribution of the 3.32-MeV
state is obliterated at angles 20 and 25' by the carbon
contamination so that its spin and parity are not deter-
xnined. The 4.40- and 4.78-MeV states are assigned as
1=0, but their angular distributions suggest that un-
resolved levels with /=2 maybe contributing. The
5.16-MeV state appeared at the end of the photo-
graphic plate where the background is rather large;
its angular distribution is approximately isotropic.

Zn" (d,P)Zn"

The four low-lying levels 0, 0.06, 0.12, and 0.21 MeV,
known ' from the decay of Ga" were not well re-
solved. In our (d,p) data, the 0.06 and 0.12-MeV
states are strongly excited and their angular distribu-
tions agree very well with /=1 expected from their
previous assignment as & and 2, respectively. The
ground- and 0.21-MeV states are weakly excited so that
the experimental accuracy is rather poor especially in
the small angle region, but beyond 25', their angular
distributions indicate l=3.

The 2.49-MeV state has an angular distribution cor-

/=3
0

R=4
Oa4

FIG. 5. Angular distribu-
tions of various peaks from
Zn' (d,p)Zn". See caption
fol Flg. 3.
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FIG. 6. Angular distribu-
tion of various peaks from
Zn+(d, p) Zn' . See caption
for Flg. 3.
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I
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5-

TAnLE IV. Summary of results from Zn" (d,p) reactions. The
two values in the last column for l=i levels are based on the
assumptions that the shell-model states are p3/2 and p~/2, re-
spectively.
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FIG. 7. Some typical theo-
retical DWBA curves from
Ref. 6. Ordinate is a, as
used in Eq. (1). Ordinate
scale is relative; absolute
values are indicated by
horizontal lines through
curves at 0,=1.0 mb/sr.

L (MeV)
This
paper Ref. 9 l

0 0 3

1.08 1.08 1
1.62

1.89 1.89 1
2.33 2.32 1

2.68
2.83 1
2.98 1
3.18 2
3.30 1
3.46 3.47 1
3.61 2
3.73 3.8 1
4.14 4.1 2
434 2
4.40 2
4.59 4.5 1
479 0
5.01 4.9 2
5.14 5.1 2
5.42 5.4 0
5.61 0
5.86 2
6.76 2
7.11 0

0+

2+
2+

1+-4+
1+ 4+
0=5
1+-2+
3+(4+)
0=5
4+(3+)
0=5
0=5
0=5

3+
2 3
0=5
0=5
2 3
2 3
0=5
0=5
2 3

0.44

0.36
0.50

0.34
0.30
0.36
0.90
2.60
1.34
2,64
2.50
0.90
0.72
1.96
3.06
0.36
0.45
3.02
1.48
1.10
3.60
8.66

0,092

0.063
0.083

0.026
0.025
0.105
0.088
0.330
0.358
0.302
0.595
0.208
0.165
0.163
0.154
0.073
0.088
0.149
0.070
0.183
0.50
0.48

(mb/sr) (2j+1)S'
0.14 0.374

s'
0.062

pa/a pz/2
0.023—0.046

0.016—0.032
0.021—0.042

0.006—0.013
0.006—0.012

0.018
0.022—0.044
0.083—0.165

0.06
0.075—0.151

0.099
0.035
0.028

0.041—0.082
0.077
0.012
0.015
0.074
0.035
0.030
0.083
0.24

I I I I I

IO' 20' 50' 40 50'e~.

Zn" (d,p)Zn"

The 0.18-MeV state is weakly excited and partially
obscured at some angles by the very strongly excited
0.09-MeV state, so that the errors for the former are
rather large; but the experimental points seem to be
best 6t by the angular distribution for l=3. Between
two known states at 0.60- and 0.86-MeV, a new state
is found at 0.74-MeV. This state is weakly excited but is
present at all angles investigated; its angular distribu-
tion is isotropic. The 0.86-MeV state has been assigned

TABLE III. Summary of results from Zn' (d,p) reactions.

as ~ from ganima-ray angular correlation studies, "
but in Ref. 4 it was assigned as 2+. In our data, the
angular distribution seems to correspond to a mixture
of f= l and /= 4, but the large errors (the state is very
weakly excited) make any assignment doubtful. The
0.60-MeV state is the only certain gg/2 state found, it was
not resolved in Ref. 4. Levels at 1.49, 1.81, and 2.67 MeV
are not quite certain as the peaks corresponding to these
states are obscured at some angles. It is possible that the
2.67- and 2.60-MeV states are a single level at 2.62 MeV.
The 3.55-MeV state is most prominent and strongly
excited to an extent that is very unusual at such a high-
excitation energy. It is assigned as s&~2 with S=0.31.

Zn" (d,p) Zn"

B (Mev)
This

paper Re&. 9 t

0
0.44
0.55
0.85
1.65a
2 ~ 25
2.40
2.54
2.60
2.91
2.99
3 40a
3.65
3.94
4.09
4.17
4.24

0 1
0434 4

3
0.8 2
1.6 0

1
2
2
0
2
2
z (o)
2 (0)
o (2)
o (2)
0 (2)
0 (2)

a Unresolved doublet.

7.38
2.56
0.86
7,40
7.56
1.14
4.00
2.34
1.26
3.28
4.32

11.0
7.56
5.22
5.96
4.32
4.10

0.95
8.10
1.72
1.64
0.36
0.097
0.63
0.36
0.21
0.45
0.58
1.27
0.84
0.32
0.37
0.28
0.34

(mb/sr) (2I +1).S
S.M.
state

P II/2

gg/2
f6/2
d5/2
$1/2

PI/2(P3/2)
d6/2
dg/2
$1/2
d5/2
G4 /2

d6/2
45 /2
$1/2
$1/2
SI/2
$1/2

0.47
0.81
0.29
0.27
0.18

0.049 (0.024)
0.11
0.06
0.10
0.07
0.10
0.21
0.14
0.16
0.19
0.14
0.27

Seventeen levels were observed in this reaction, of
which only the ground state and first excited state were
known previously. ' The 0.85-MeV state assigned here
as d5~2, was assigned in Ref. 4 as d3~2 for reasons which
are dificult to understand. The peaks at 1.65 and 3.40
MeV are somewhat broad which indicates that they
may be unresolved doublets.

Zn" (d,p) Zn"

In this reaction, the resolution was sufhcient to
study 23 levels up to 7.11-MeV excitation energy. The

"L.H. Th. Rietjens and H. J. Van Den Bold, Physica 21, 701
(1955).
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I (MeV)
Zn" (d, t) Zn"'

This
paper Ref. 9

-(45')
mb/sr

TABLE V. Summary of results from natural Zn
(d, t) reactions.

o-(60')
mb/sr

0.56-MeV states from Znr (d, t) could be from Zn'r. A
measurement with the enriched Zn target showed that
the first of these is not from Zn" (d, t). The resolution
was insufhcient to make a clear decision on the 0.56-
MeV level, so its assignment is uncertain.

0
1.04
1.88
2.30
2.40
2.49
2.79
3.03

0
0.09
0.18
0.39

0
0.44
0.56(?)

0
1.04
1.87

2.37

2.76

0
0.093
0.184
0.388

0
0.434

0+
2+
2+

Zn (d, t) Zn'

5/2
3/2
5/2
3/2

Zn (d t)Zn
1/2
9/2+
5/2

0.126
0,016
0.016
0.007
0.008
0.038
0.343
0.171

0.390
0.298
0.105
0.790

0.66
0.232
0.82

0.047
0.059
0.008
0.007
0.008
0.019
0.273
0.153

0.220
0.170
0.075
0.710

0.272
0.132
0.392

DISCUSSION

The sum of S's for all levels belonging to a given
shell-model state is a measure of the emptiness, U,',
of that shell-model state in the target nucleus. The same
is true for the S' in odd targets, which is the reason
why that quantity was defined. The results for U
obtained in this way are listed in Table VI. In two
cases, comparisons are made with the results for nickel
isotopes of the same neutron number.

The entry in Table VI for the fs~& states excited in
Zn" (d,p) was obtained by estimating the maximum
l=3 adrnixtures in the /= 1 angular distributions. Since
U,~ for the d&/2 states should be essentially unity, it is

TAnLz VI. Summary of results for ZS(UP) and L';, and com-
parison with results for isotonic nuclei' and pairing theory.

I-value of the 1.89- and 3.46-MeV states which were
uncertain in Ref. 4 are found to be both /= i. The first
three excited states are known' to be 2+. The one phonon
vibrational state at 1.08 MeV is strongly excited in
(cr,n')" and (p,p')" reactions but in the present (d,p)
reaction, it is excited with about same low intensity as
other 2+ state at 1.89 and 2.33 MeV. The peak corres-
ponding to the 2.33-MeV 2+ state is somewhat broad,
and might be interpreted as a 2.29—2.37-MeV doublet
which might be part of the two phonon group.

In general, the I values listed in Table IV represent
the various couplings between the target spin. (ss ) and
the angular momentum of the stripped neutrons as
inferred from the / value and shell model. For the lowest
four states spin assignments are known from other
work, and in a few cases, they are restricted by the sum
rules as will be discussed below.

Zn(d, t) Reactions

State

fGI2
P3/2
Pl /2

gg/2

dG/2

S1/2

State

f& l2

P3/2
P1/2
g9/2
dG/2

$1/2

State

Zn~

0.32
0.17-0.34
0.34—0.68

0.63
0.34
0.97

0.46 0.58
0.34 0.27
0.75 0.82
0.88 0.98
1,19 1.0
0.6 1.0

0.07
0.12—0.61
0.06—0.58

1.04
&1.80

4.14

0.1 0
0.3 0.12
0.6 0.33
1.7 2,92
4.1
4 4.

Zn

(b) Zn ~(d, p)Zn'7

zs 8, (MeV)
Ni" Theory Zn" Ni~ Theory

0.36
0.37—0.52
~& 0.32
& 0.98

0.52
1.01

0.25 0.37
0.35 0.15
0.44 0.69
0.83 0.97
1.15 1.0

~0.4 1.0

0.03
0.25—0.53

1.15
0.64

&2.14
3.28

0 0
0.1 0.39
1.0 0.05
1.0 2,43
3.7
4.1

(c) Zn'+(d, p)Zn"
zs

Zn' Theory
E, (MeV)

Zn" Theory

(a) Zns4(d, P)Zn"
zs I;(Mev)
Ni Theory Zn64 Ni Theory

The isotopic abundance of natural Zn is 49.9%
Zn' 27.8% Zn' 4.1% Zn'", 18.6% Zn", and 0.62%
Zn", but the large negative Q values preclude the ob-
servation of levels from Zn6 and Zn . Levels from Zn
and Zn are identified from their known energies, and
all other levels are assumed to be from Zn'~. The level
assigned as the 3.03-MeV state of Zn" was at the energy
expected for the 0.85-MeV level from Zn" (d,t). How-
ever, if it were assigned as the latter, the cross section
would be much too large to be from a pick-up of a
d5/2 neutron, especially since that state is presumably
empty in Zn". The levels assigned as the 0.44- and

fGI2
P3/2
P1/2
g9/2
dG/2

$1/2

State

fGI2
P3/2
P1/2
g9/2
d5/2
$1/2

0.29
(0.03
~& 0.52

0.81
0.96
0.94

0.19
0.07
0.46
0.97
1.0
1.0

(d) Zn (d,p)Zn'

Zll

~& 0.36
« 0.29
~& 0.58

~ ~ ~

0.38
0.43

0.55
2.25

~&0.21
0.44

p2.48
3.48

Theory

0.26
0.11
0.58
0.97
1.0
1.0

0.31
0.92

0
2.05

'2 D. K. McDaniel, J. S. Blair, S. W. Chen, and G. W. Farwell,
Nucl. Phys. 17, 614 (1960)."B.L. Cohen and A. G. Rubin, Phys. Rev. 111, 1968 (1958).

a See Ref. 2.
b See Ref. 15.
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clear that many d5~2 levels were missed in the analysis
of all data except that for Zn". As mentioned pre-
viously, they are probably not resolved from neighbor-
ing s~~2 states which dominate the angular distribution.
In Zn", many s&~2 states are also apparently missed.

The data for the p states are somewhat ambiguous
because of the uncertainty in I assignments; the agree-
ment with theory is best if all /= 1 states of unknown
spin are assigned I= ', . Even—then, the ZS for the pi/s
states is unexpectedly small. This may be because some
of these levels are missed.

In general, Table VI gives a qualitatively under-
standable picture, but with many quantitative difficul-
ties. Many of these are believed to be due to incom-
pleteness of the data resulting from insufFicient energy
resolution. The comparison with the nickel data, which
were taken with better energy resolution, reinforces
these conclusions.

A comparison with pairing theory predictions for both
U and the excitation energy of the center of gravity of
levels for a given shell-model state, E,, is also shown in
Table VI."The pairing theory parameters were those
used for the Ni isotopes of the same neutron number by
Kisslinger and Sorensen. "

The difficulties with the U discussed above are
again seen in this comparison. The energies E; agree
somewhat better, but it is notable that the g9~2 levels
are lower in energy then predicted. This was also ob-
served' ' to be the case in the Ni isotopes, so that it is
undoubtedly due to an overly large single particle
energy assumed in the calculations; in fact, it is dificult
to understand the basis on which the large single particle
energy for g9~& in Ref. 15 was chosen.

For (d,p) reactions on. the odd nucleus Zn", the con-
tributions to the sum of the S' from the various spin
states If of the final nucleus should be proportional to
2If+1. For example, for P3/s states, the final spin
states 1+, 2+, 3+, and 4+ should be populated in the
ratio 3, 5, 7, and 9, respectively This may be used in
some cases to determine spin assignments. For example,
if (2j+1)S' for P3/Q and Pi/& are assumed equal —a con-
servative assumption for our calculation according to
Table VI—the relative values of (2j+1)S' for states of

'4 Pairing theory does not take neutron-proton residual inter-
actions into account, and is therefore usually applied only to
single closed shell nuclei. However, it is the only theory readily
available, and should be at least crudely applicable here.

"L.S. Kisslinger and R. A. Sorensen, 32, Kgl. Danske Videns-
kab. Selskab, Mat. Fys. Medd. B2, No. 9 (1960).

spin 1+, 2+, 3+, and 4+ should be 3, 10, 14, and 9, respec-
tively. Normalizing these to the sum of (2j+1)S'for the
t= 1 states in Table IV gives Z(2j+1)S' for the various
spin states to be 0.10, 0.33, 0.46, and 0.29, respectively.
Known 2+ states in Table IV consume Z(2j+1)S'
=0.24, so that no state can be 2+ for which (2j+1)S'
is greater than 0.09. Thus, the 3.46-MeV state is very
probably 3+ or possibly 4+. If it is 3+ or 4+, the 3.73-
MeV state must be 4+ or 3+, respectively. In either case,
the 4.59-MeV state must be 3+. Since this essentially
exhausts the sum for 3+ and 4+, the 3.30-MeV level
must be 1+ or 2+.

It is interesting to note from the Zn" (d,p) data
that the first excited (2+) state of Zn" includes more

(f,/spi/s) than (fs/s)' in its configuration. If the ground
state were the only important f&/s state in Zns~ (as is
indicated in Table II), pairing theory gives

do/d 0= (1—U/s)o„

whence from (2) and Table IV, Us/s'=0. 63 in Zn" If
the excited fs/s state in Zn'~ at 0.18 MeV is taken. into
account crudely from Table V, this is reduced to 0.50.
This is still in rather poor agreement with the direct de-
terrnination listed in Table VI, 0.29, which seems more
reasonable. This might be explained as due to inaccuracy
in the Q-value dependence of the DWBA calculations,
or as missed fs/& states in Zn" (d,p).

The (d, t) reactions give rather cruder information
than the (d,p) since they are less completely analyzed.
The relatively large cross sections for the gs/& and f&/&

states relative to the pi/s state in Zn" (d, t) indicates
that the 39th and 40th neutrons are predominantly
(g9/g)' rather than (pi/&)'. The rather strong excitation
of the first excited (2+) state in Zn" (d, t) is somewhat
unusual for a collective level.

It is clear that this study of the occupation of the
various shell-model states in the zinc isotopes falls far
short of giving consistent quantitative results. To do
this even to the accuracy that it has been done by our
group in nickel, zirconium, and tin would require very
much improved energy resolutions, and a more extensive
study of the (d, t) reactions.
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