
PHYSICAL RE VIE% C VOLUME 19, %UMBER 5

Ge from the Ge(t,p) reaction
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(Received 5 July 1978)

The reaction ' Ge{t,p)"Ge has been investigated with a 15-MeV triton beam. 30 levels of "Ge were
observed up to about 4-MeV excitation, four of which were unreported previously. Angular distributions
were measured and compared with distorted-wave Born-approximation calculations, Several new 0 states
have been observed in "Ge, one of which, at 1.709 MeV, is a new state and is the third 0+ level in "Ge.
Many additional spin and parity assignments have been made. The "Ge nucleus shows a pattern of 0+ states
that is considerably different from that of other even Ge isotopes. But for higher spins and both parities,
"Ge is very similar to other even Ge nuclei.

NUCLEAR REACTIONS Ge(t, P), Et=15.0 MeV; measured o. (E&,8 )~ Ge de-
duced levels, I., n, J. DWBA analysis.

I. INTRODUCTION

The present is the last in a series of papers' '
reporting experimental results for (t,P) reactions
on even Ge isotopes. It deals with "Qe, which
has been extensively studied in various ways:
through the P decay of "Ga (Ref. 4) and "As
(Ref. 5), 72Ge(n, n'y) (Ref. 8), 72Ge(p, p') (Ref.
7), Ge(d, d') (Ref. 8), 73Ge(p, d) (Ref. 9), 74Ge(p, f)
(Ref. 10, 11), and "Ga( He, d) (Ref. 12).
(These are the most recent references for the
individual reactions. The latest compilation"
gives a survey of all the relevant measurements
for "Ge and many earlier references. ) From the
investigations listed above, the level structure
of "Ge is well established below 2-MeV excita-
tion. Above this energy, many additional levels
are known, but many of them do not have definite
spin and parity assignments.

The "Qe nucleus differs- from all other even
Ge isotopes i.n its low lying spectrum. It is the
only Ge isotope which is known to have a 0' first
excited state. Except for "Qe, the only other
nucleus that has a 0' first excited state, but
without closed neutron or proton shells, is "Mo,
in which there is a subshell closure of the (1 d~, )'
neutrons. The first excited 0' state in the other
Ge isotopes appears at a considerably higher en-
ergy. In "Qe the 0', level is above the 2', state,
in "Ge it is just below the 2'„and in "'"'"Ge it
appears above the 2', , It was recently noted"
that this minimum in the energy of the first ex-
cited 0' state as well as the minimum around
h' =40 in the energy difference between the 4',

and the 2; levels, E„(4;)-E,(2;), may indicate
the possibility that the Ge isotopes undergo a
shape transition from oblate to prolate deforma-
tion with increasing neutron number. Similar
behavior was found also for Se, Zn, and Kr

isotopes. This evidence has prompted extensive
experimental studies on the even mass ""Ge
isotopes. """'"Vergnes et al."have recently
indicated from the comparison of (p, t) and (t,p)
reactions on Ge isotopes that the structural
transition in Ge and in Ga isotopes occurs between
A =40 and N =42.

II. EXPERIMENTAL PROCEDURE

The experiment was performed with a 15-MeV
triton beam from the University of Pennsylvania
tandem accelerator. The outgoing protons were
momentum analyzed with a multiangle spectro-
graph and recorded on Ilford E 5 nucIear emuI-
sion plates in the angular range of 3.75'-86.25'
(lab), in 7.5' steps. The "Ge target was en-
riched to 98.8% in 'OGe, 70 yg/cm' thick, on a
10 pg/cm' "C backing. Mylar absorbers of
thickness up to 0.015 in. directly in front of the
focal plane stopped all particles except protons.
The exposure was 3.0 mC.

Displayed in Fig. 1 is a spectrum from the' Ge(t, P)"Ge reaction at 15 MeV and 11.25' lab.
The energy resolution is about 20 keV full width
at half maximum. Groups arising from states
in "Ge are labeled with their excitation energies.
These were obtained at each angle using the en-
ergy calibration of the multiangle spectrograph
and averaged to get the values listed in Table I.

A separate, shorter (t, P) run was performed on
a natural Ge target to assist in identifying impur-
ity peaks due to the presence of small amounts
of other stable Ge isotopes in the "Ge target.
Impurity peaks are labeled in Fig. 1 according
to their final state in the residual nuclei.

The uncertainty in the absolute cross section is
about 20% and arises primarily from the uncer-
tainty in the target thickness. The target thick-
ness was estimated by normalizing the elastic
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scattering (measured in a solid state monitor
detector mounted at 40') to the cross section pre-
dicted by triton optical parameters (Table II)
used in the analysis.

III. RESULTS AND ANALYSIS

Measurable cross sections were observed for
30 levels up to 4.03-Me V excitation in ' Ge. An-
gular distributions were extracted for most of
the levels and compared with the results of
distorted-wave Born-approximation (DWBA) cal-
culations using the code D~CK." The triton
optical model parameters used in the analysis are
identical to those obtained by Hardekopf et al."
from triton elastic scattering on "Zr, except for
a small adjustment of the real well depth. For
the exit channel. the global proton parameter set
of Percy" was used. These potentials have been
successfully used in the analysis of (t, p) re-
a.ctions on heavier Ge isotopes. ' '

Figure 2 shows the angular distribution for the
ground state of "Ge, as well as for the other
clea.r L =0 transitions observed in the present
work. The curves are the results of DWBA cal-
culations. Angular distributions characterized
by 4 =2 and L =4 angular momentum transfer
are displayed in Figs. 3 and 4, respectively.
Figure 5 presents the angular distributions for
odd 4 values, and those that appear to contain
an admixture of two I values.

We assumed pure configurations (indicated on
the figures) for the transferred neutron pair and
therefore no attempt has been made to compare
the magnitudes of the theoretical. and experi-
mental cross sections. In the present and earlier

Qe(t, p) work, it was found that the shapes of the
DWBA curves, especially for the even-parity
states, are somewhat sensitive to the assumed
wave functions (see Figs. 2-4), an effect not
normally encountered in the (t, p) reaction.
Nevertheless, this sensitivity is much less than
the difference in curves for different L values,
so that 4 assignments can be made unambig-
uously. It is not possible to determine if the con-
figuration-dependent shapes are a real effect
until detailed wave functions are available.

Table I summarizes the excitation energies,
the maximum differential cross section, 4
value, and spin and-parity measured in the pres-
ent study. Also shown in Table I are the excita-
tion energies and J' values reported in the latest
compilation" and the results from the reactions
"Qa('He, d)"Ge (Ref. 12) and "Ge(p, t)"Ge (Ref.
10). Whenever correspondences can be made
between states observed herein and in (p, t) our
excitation energies appear to be consistently lower
than those of Ref. 10 by 5-10 keV. We have no
explanation for this result.

IV. DISCUSSION

A. 0+ states in Ge populated in the 7 Ge(t, p) reaction

With J' =0' for the target and a singlet neutron
pair transferred, the orbital angular momentum
transfer 4 uniquely determines the spin and parity
of the final state J& ——f and x~ ——(-1) . Figure 2
shows the measured angular distributions for the
ground state (g.s.) and six excited states in "Ge,
all of which have the typical L =0 character.
Hence, these are all 0' states. The curves are
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TABLE I. Summary of results for OGe(t, p)~ Ge and comparison with previous work.

(MeV + keV)

0.0
0.688 +3
0.835 +3
1.461 +3
1.709 +5
1.730 +5
2.029 +3

2.398 +5
2.464 + 5

2.515+5

2.753 +5
2.899*5

2.945+5

3.035 +5
3.071 +5

3.128 +5

3.327 +5

L(t, p)
0
0
2

(0)

0
I

(4+ 2)
(4)

90
18

19

0
0

39
59

(5)+ (0)

24 (2+ 4)

Present work
do./dO

(p,b/sr)
3560

7
132

&2
8

11
118

0
0
2'

0&")

4
0

(4' &")

(4')

0
0'

(5 )+ (0 )

(4', 2 )

+

0 +

2'
2'

1.728 25 +0.04

2.064 82 +0.05
2.402 16+0.09
2.463 77 +0.06
2.505 'P +5
2.514 69 ~0.05
2.583 5 +0.4
2.754 1 +0.2

2.939 87 +0.08
2.943 47 +0.06
2.950 3 +0.2
3.035 63 ~0.12

(3)
'

(2 )

3.0942 *0.1
3.119 +15

3.228 +10
3.324 92 +0.04
3.338 1 +0.1
3.341 72 +0.06

(2)

Previous work~

(MeU +keU)

0.0
0.6912- +0.2
0.834 01 +0.02
1.463 93 ~0.04

E„(MeU)
0.0
0.690
0.835
1.465

1.725
2.029
2.062
2.404
2.466

JI
0 -3'
0 -3+
1'-3'
0 -3'
1'-5'
0 -3
1'-3'
0 -3'
1 -5

2.516

2.754
2.897

2 -6
1+ 3+
0 -3'

2.949
3.034
3.073
3.094

1 -3
1'-3'
1 -5':
1'-3'

3.179
3.223
3.324

1-5
1 '-3'
1'-3'

3.357

Ga( He, d) Ge

1,730~ ~

2.029
4'

(O')

2.406
2.468

2'

2.519

2.951
3.037
3.078
3.098
3.139
3.185

4+
2'
0 +

4-

3.330

74Ge(P t)7~Ge ~

E„(MeU)
0.0 0'
0.691 0
0.835 2
1.467 2

3.403 ~5
3.427 +5

3.517 +5

3.579 ~5
3.612 +5
3.652 +5

3.687 +5

3.775 +5

3.840 ~5
3.882 +5~

3.966 +5

3.998 +5

4.027 +5

41
28

145
36
26

29

95

(4)

(4)

0
2

(5)+ (2)

(0+ 2)

2

(0+ 2)

(4')
4

0
2'

(5-)+ (2')

2'

(0'+ 2')

(0'+ 2")

3.398 +10
3.4195 ~0.3
3.4393 ~0.3
3.455 27+0.09

3.550 7 +0.6
3.566 0 +0.2

3.619 5 +0.5
3.666 8 +0.2
3.6781 ~0.2

3.708 3 +0.6
3.7586 ~0.8

3.803 7 +0.2
3.8160 ~0.3

3.872 0 +0.5
3.890 +5

3.965 +10

3.983 8 +0.2
3.985 8 +0.2
3.9950 ~0.3

4.040 8 +0.2

3.422
3.436

3.468
3.506

3.565

3.614
3.662

3.691

3.777

3.815

3.867
3.895

3.975

4.002

4.047

2 -4
1'-3'

1'-3'

1'-3'

+ 3 +

1'-3'

1'-3'

3.378

3.421'

3.509
3.528
3.554

3.589
3.625
3.663

3.703

3.821
3.850

3.890

3.981

4.076

2'
4+

(1 )

0
2'

(6")

5

Reference 13 (states above 4.041 MeV are not listed).
~Reference 12 (states above 4.047 MeV are not listed).
'Reference 10.

Not fitted by DWBA in Ref. 10.

' Presence of unseparated impurity in Ref. 10.
f Unseparated doublet in Ref. 10.
~ Unseparated doublet in present work.
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TABLE II. Optical-model parameters used in analysis of the oGe{t,p) Ge reaction.

Set
Vo

{MeV)
fp

{fm) {fm)
W

{MeV)

W' = 4WD
{MeV)

ro
{fm) {fm)

Jc
{fm)

~pGe+ t~
7$Ge+ P a

"Ge+ n

150'
46.1
c

1.20
1.25
1.26

0.65
0.65
0.60

13.5
0

0
49.9

1.60
1.25

0.87
0.47

1.3
1.25

Reference 18.
Vp was adjusted to fit the first minimum in the angular distribution for the ground state.
Adjusted to give a binding energy to each particle of 0.5[Q{t,p)+ 8.482] MeV.

'Ge (t, p) Ge, Et = l5 MeV

IO

Io Iq
t

Fx (keV) CONFIG—
2753 (2p Iie)

lQ 2

lO 3 '

lo
I0-2

2899 ( I g sue)

the results of D%BA calculations using the optical
potentials listed in Table II.

Among the seven 0' states whose angular dis-
tributions are displayed in Fig. 2, only the g.s.
and the 0.688-MeV level were previously assigned
as O'. In (p, t) a tentative (0') assignment was
given to a level. at 2.02S MeV. As an example of
the configuration dependence observed in the
present study, the g.s. angular distribution is
compared with two DWBA curves obtained as-
suming (Ig, f,)' and (2p», )' configurations for the

transferred neutron pair. The curves differ
considerably in the region of the first minimum.
It is clear that the (Ig, f, )' curve fits the data
better than the (2P», )' curve, although (2P», )' is
more likely on the basis of the simple shell
model. However, for the first excited 0' state
at 0.688 MeV the opposite seems to be true-
its gross structure is better fitted with the (2p», )'
curve than with the (Ig, f, )' curve. But it is an
extremely weak state (-0.2% only of the g.s.
strength) and for such weak states, other more
compl. icated reaction processes may also be
present and may somewhat distort the angular
distribution shape.

The state at 1.70S MeV is a new state in "Ge
just bel.ow the well-known 4', at 1.730 MeV.
Since it is weak and partly obscured by the 1.730-
MeV state, its angular distribution could be
extracted only at forward angles. However, it
possesses the forward angle rise typical for
C, =O transfer. Thus we make a tentative (0')
assignment for this new state.

The states at 2.02S and 2.8SS MeV were not
reported in the latest compilation, "but they were

'
Ge (t p) Ge, Et = l5 MeV

l03
IO'=—C

F„(keV ) CONFIG

835 (I g sir)e
E„(keV) CONF IG

3687 (Ig 7',(g%'2)

b lO

U

2029 (Ig sic)e

l04=

IO- Q

l0 2)=

lO 3y

3579 ( I g sic)

lQ 2

~0~~
I I

lO

b
D

l0 2

l0 2y

3035 (2p (z2. II 8'2)

lO 2-

36I2 ( Ig cia I

lo

~a~ 3882

3966 (2p fr2, 1f 5tc)

( I I I I I I I I I I

0 30 60 90 0 30 60 90

6, (deg j

FIG. 2. Angular distributions exhibiting I =0 char-
acter in the Ge{t,p)~Ge reaction. The curves are the
results of DWBA calculations using the optical para-
meter sets of Table II.

I I I I I I I I I I I I

0 30 60 90 0 30 60 90
8(- ~ (dt'-g I

FIG. 3. Angular distributions for levels with 4'
= 2' reached in the 7 Ge{t,P) reaction, compared with
L= 2 DWBA calculations, using the configurations
listed.
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FIG. 4. Same as Figs. 2 and 3, but for J'=4' levels.

observed in a recent study of "Ge with the ('He, d)
reaction, "where a limit 0'-3' has been given to
both states. Our data show that these two states
have the typical character of 4=0, allowing us
to make firm 0' assignments for both states.

A state at 2.754 MeV was assigned negative
parity from the (P, d) reaction of Fournier
et al. 'but, in the recent work'of Ardouin et al. ,

"
a spin limit of 1'-3' was given to what appears
to be the same state in contradiction to the m =-
assignment. ' Our angular distribution for this
state is well. fitted by an 4 =0 curve, and we as-
sign 0' to it. Neither the 2.899- nor 2.754-MeV
levels were observed in (P, t).

The state at 3.579 MeV is probably to be iden-

tified with a 0' state reported at 3.589 MeV in

(P, f). The present angular distribution has a
clear L=O shape, implying J'=0'.

Three additional states in "Qe below 4-MeV
excitation may contain L =0 components in their
angular distributions. These are the states at
3.128, 3.775, and 3.998 MeV, which will be dis-
cussed later in subsection D.

The main feature ok the observed I=0 strengths
is that the transition to the g.s. of "Ge dominates
the spectrum. The 0', and the 0', are about three
orders of magnitude weaker, while the higher 0'

states are one to two orders of magnitude weaker.
This is in sharp contrast to the behavior of (t, P)
reactions near shell closures, where transitions
to excited 0' levels are often stronger than to the
ground state. From the (t, p) cross section of the
0' states alone it seems that "Qe differs con-
siderably from the heavier even isotopes.
In "Qe the first excited 0' state is the weakest
0' observed up to 4-MeV excitation. In '4Ge and
"Ge the 0; has the highest (t, p) cross section ob-
served for an excited 0' state and in "Ge it is
among the strongest ones. The first 0' state in
"Qe that has a strength comparable to that of the
first excited 0' states in ' '"'"Ge isotopes is the
0' state at 2.029 MeV. Thus it seems doubtful
if the 0.688-MeV 0' state in "Ge could really be
associated with the first excited 0' state in
"'"'"Ge isotopes as has been suggested recent-
ly. ' '" The probable presence of an additional.
weak 0', in "Ge at 1.709 MeV makes the corre-
spondence even more complicated.

B. 2+ states in 72Ge

Ge Ct pj Ge, E~ = l5 MeV

Ex(keV) L CONFIG

IO

E„(keV) L

IO

= /
v) -/
~ IO~~
E

2945

. ~IO
b

3 (It 5n, tg 7/2)(

IQ 2g

—3775 0+2
IO-2I=

IO ' g='--' 10
p

I . I I I I

0 30 60 90 0 50 60 90
Bc.m. (deq)

FIG. 5. Angular distributions leading to negative par-
ity states in Ge, and angular distributions fitted by an
admixture of two L, values, or for which no definite
assignment could be made.

Figure 3 presents the angular distributions for
six states in "Ge which appear to be characterized
by L = 2 angular momentum transfer, together
with the DWBA curves. The first of these states
is at 0.835 MeV, well known previously to have

The second 2' state at 1.464 MeV is so weak
that no angular distribution could be extracted
for it. The upper limit for its (t, P) cross sec-
tion is 2 pb/sr.

Three additional 2' states were observed in
the present study at 3.035, 3.612, and 3.687 MeV.
All three are well fitted with L =2 DWBA curves,
allowing unambiguous 2' assignment for these
states. The configurations assumed for the dif-
ferent curves are indicated in the figure. The
3.612- and 3.687-MeV states probably corre-
spond to the 2' levels observed at 3.625 and
3.703 MeV in (P, t), and to states observed at
3.614 and 3.691 MeV in Ref. 12 and assigned J'
=0'-3' and J'= 1'-3', respectively. Our 2' as-
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signment for the 3.035-MeV state contradicts
a previous" tentative (2 ) assignment given to
this state, but agrees with the J' limits 1'-3'
suggested in the recent "Ga('He, d) work. "

The states at 3.882 and 3.966 MeV observed in
the present work both have been reported in the
literature, but without definite J' assignments.
Our results allow a firm 2' assignment for both
states.

No additional angular distributions were found
in the present work to have a unique 4 =2 charac-
ter. However, additional. 2' states may exist
as one member of various doublets. They are
discussed further below.

An interesting feature of the observed 2' states
is that the 2', state at 0..835 hIeV has the largest
(t, p) strength while the next 2' at 1.461 is the
weakest of them all. Similar behavior has also
been observed in the heavier Qe isotopes. '

A smooth systematic dependence on N can be
noted in both the energies and (t, P) strengths
of the 2' states. Figure 6 shows the lowest three
2' states in "Ge populated in the present study
compared with the corresponding states in "Ge,
"Ge, and 'BGe. The (t,P) strengths are indicated
in the figure. %e note the following as N in-
creases:

(a) The energy of the 2; and 2', remains almost
the same (especially above "Ge) while that of
2', decreases on the average.

(b) The. (t, p) strength for the first 2' state de-
creases systematically, while a'(2;) increases.

(c) The summed 2' strength decreases. Since
the transition to the g.s. has almost the same
strength for all isotopes (-3.6 mb/sr), the ratio
o'(2', )/&(g. s.) is significantly larger in "Ge and
"Ge than in "Ge and "Ge. In previous (t, p)
reactions on even-even target nuclei, it was

Ge{t,p) E{t)=l5 MeV, J = 2

39

X

&2

81

/9
/.j.

64

0—
Ge Ge "Ge " Ge Ge

FIG. 6. L=2 transitions observed in the present work
compared with the corresponding transitions observed
in the (t, p) reaction on ~ '~~ Ge Q,efs. 1-3). The num-
bers at the arrows are the maximum differential cross
sections.

found' that the 2', state is especially strongly
excited in the transfer No-No +2 where Ao
represents a closed neutron shell.

= 4' states

Figure 4 displays eight angular distributions
observed in the present study to be dominated
by 4 =4 angular momentum transfer. In general
the strong transitions could be well fitted by the
theoretical curves, but the weak ones only mod-
erately. The presence of the first 4' state at
1.730 MeV is well known. Our 3.071-MeV level
is probably to be identified with the 4' state
reported in (P, t) at 3.078 MeV. Its angular dis-
tribution is very well fitted with the I =4 theo-
retica) curve, giving J'=4'. This state was re-
ported for the first time in the "Ga('He, d) reac-
tion, "with J' limits of 1'-5'.

Our 4' assignments for states at 3.403 and
3.427 MeV are new. We do not observe the 2'

level reported at 3.421 MeV in (p, t). If it is
present it is unresolved from one of these 4'

states, and weakly populated in (t, P). The 4'

level at 3.517 MeV is probably to be identified
with the 4' state observed in (p, t) at 3.528 MeV.

The angular distribution for the 3.403-MeV
state differs somewhat from the others presented
in the figure. While a1.1 the other 4 =4 distribu-
tions exhibit a local maximum at -35, the angu=
lar distribution for this state is rather flat in this
region. It was found that the best fit could be ob-
tained assuming a configuration (Ig, ~,)' and
4 =4 for the transferred two neutrons. No other
single L value can reproduce this shape as well.
We thus suggest (4') for this state, which has no
previous assignment.

The states at 3.427 and 3.517 MeV both are
suggested to have J'=1'-3' in Ref. 12. The first
is well fitted in the present work by an 4 =4
curve, while for the latter, which is a much
weaker state, the fit is relatively inferior. We
therefore assign 4' for the state at 3.427 MeV
and tentatively (4') for the 3.511-MeV state.

The states at 3.840 and 4.027 are well fitted
by the theory allowing us to make firm 4' as-
signments for both states. These states were
not reported in the recent "Ga('He, d) reaction"
nor in the older work, "but probably correspond
to 4' states observed at 3.850 and 4.013 MeV in

(p t) ~

Our 4' assignment for the 2.398-MeV state does
not agr.ee with the J' limits of 0'-3' reported re-
cently" for a state at 2.404 MeV. The (P, t) work
assigns 2' to a state at 2.406 MeV. Our angular
distributions could contain an I, =2 component,
but also appears to possess an appreciable 4 =4
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contribution.
A state at 2.468 MeV, which has a 4' assign-

ment in (p, f), is very weak in the present work
and is discussed later.

D. Angular distributions characterized by odd or mixed
L values

Figure 5 displays the (t,p) angular distributions
characterized by odd L values and additional ones
which cannot be fitted with any single L value.
Up to 4-MeV excitation, we observe two L =3
transitions, leading to states at 2.515 and 2.945
MeV. Both were well known previously as 3
(Ref. 13), and in both cases the theoretical l.=3
curves give excellent fits to the data. An addition-
al tentative (3) state reported previously at
3.342 MeV (Ref. 13) was not observed in the
pres ent study.

The angular distribution of the 2.464-MeV
state is compared with both L =3 and 4 curves.
A state at this energy has a previous 4' assign-
ment. Our data add no new information.

We observe no angular distributions that are
well fitted by L =5 curves. However, those for
states at 3.128 and 3.652 MeV have a maximum
near 8=45' and thus must possess an appreciable
component of a large L value. The first can be
moderately mell fitted by X, =5+0. A 0' state was
reported at 3.13S MeV in (P, t) and probably ac-
counts for the L=0 component. But ari additional
state (with large J) may be present. A state at
3.119MeV mas assigned as m = —in the recent
compilation. " The doublet at 3.652 MeV may
correspond to the states at 3.667 and 3.678
MeV, "with no rigorous J' assignment. The
3.653-MeV angul. ar distribution can be fitted
with a combination of L =2 and, some large L
value (5 or 6). A tentative (6') state was suggested
at 3.663 MeV in (P, t). This is probably the
same state.

There is a striking similarity in the structure

of the negative-parity states observed in "Qe
and the corresponding states in the heavier Qe
isotopes. Each negative parity state observed
in the present work has a close counterpart in
'Qe and also in ' Qe. In "Qe only one 3 state

and one 5 state have been observed. Table III
summarizes the excitation energies and (t,p)
strengths for the 3 and 5 states observed in
the even Ge isotopes. ' ' The states listed in the
table are the only 5 and 3 states observed in
"'"'"'"Geup to about 4-MeV excitation, except
for "Qe and "Qe where only the lower two 3
states have been listed.

Figure 5 also shows the angular distribution
for a weak state at 3.327 MeV, which has been
reported with contradicting parity assignments. "'"
No theoretical curve for a single L value can
adequately fit this distribution, but a sizable
f =4 component appears to be present. A 2' state
was reported at 3.330 MeV in (P, f). We make no

definite assignment for this state.
In the present work me observe no clear L =1

transition up to 4-MeV excitation. The angular
distributions for the states at 3.775 and 3.998
MeV possess enough of a formard rise that they
must possess a large component of either L =0
or L=1. The analysis shows that in both cases
an admixture of L = 0 and I = 2 fits the data better
than L = 1 or a mixture of L =1 and some higher
f value (not shown in Fig. 5). We thus tentatively
assign j"=(0'+2') for both doublets. The 2'

member of our 3.775-MeV level probably corre-
sponds to the state at 3.777 (J' =1'-3') observed
in the "Ga('He, d) reaction" and the 0' member to
the state at 3.758 reported in an earlier work but
without any J' assignment. " Similarly, our level
at 3.998 MeV probably corresponds to the two
close lying states at 4.002 (J'= 1'-3') of Ref. 12,
and the state at 3.995 MeV reported earlier" but
without any assignment.

We find no evidence for a 4' level reported at
3.185 MeV in (P, t). If present, it is very weak
in (t, P).

TABLE DI. The distribution of the lowest two 3- and 5- states in ~2 74 6 ~ Ge populated in the Ge(t, P) reactions.

70 72

(pb/sr)Z' E„(MeV)

72 74

Qb/sr)E„(MeV)

74 76

(pb/sr)E„(MeV)

76 78

(p,b/sr)E„(MeV)

32

5g

52

2.515

2.945

3.128

(3.652)

77

26

2.538

3.144

3.108

3.683

2.693

2.957

59 2.744

(3.236)

2.639

4.036

0

The relative cross sections have been normalized using the Ge(t, p) reaction. The uncertainty. in the relative cross
sections is about 10%.
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FIG. 7. Level scheme of ~2Ge from previous results
and the present study, compared with the dynamic de-
formation theory calculations of Kumar (Ref. 21).

V. SUMMARY AND CONCI. USIONS

In the present study of "Ge via the 'OGe(t, p)
reaction, many new spin and parity assignments
have been made above 1.5-MeV excitation. Several
new 0' states have been observed, the first of
which is probably at 1.709 MeV. In view of this

new observation it is not clear which 0' in "Ge
has the character of the first excited 0' states in

Qe isotopes.
There is a striking similarity in the structure

of the 2' states and the negative parity states
observed in "Ge and those observed in the (t, P)
reaction on heavier even Qe isotopes.

. Recently Kumar" has studied the spectra of"'""Qe using a dynamic deformation theory.
Figure 7 presents a comparison between the ex-
perimental level scheme of "Ge obtained from
previous and present work and the theoretical
level scheme calculated by Kumar. Except for the
higher 2' states, there is a remarkable agree-
ment between experiment and theory up to 2.5
MeV. It is especially interesting to mention
that the new 0' states at 1.709 and 2.029 MeV are
both predicted by the model within less than 200-
keV deviation. Thus these two states correspond
to the 0', and 04 states in "Qe respectively.

The particular lowering of the 0', state in "Ge
in comparison with the neighboring nuclei is well
accounted by the theory and is attributed accord-
ing to the model to the spherical. -oblate shape
transition in the Qe isotopes. However, the cal-
culations predict the 2', and the 0', in "Qe in a
reverse order. The 2', and 24 states predicted by
the theoretical. calculations near 2-MeV excita-
tion have no clear counterpart in the present
study. These may lie in the weak states not ob-
served in the present study but reported in earlier
works, i.e. , the states at 2.062 (Ref. 12) and
2.505 MeV (Ref. 13).
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