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nuclei, including ~Mg. However, its validity is
in some doubt for "Mg because of its qualitatively
incorrect prediction for the ratio B(E2)(4'- 2')/
B(E2)(2'-0'). A measurement of the quadrupole
moment of the 2; level would be useful, since the
predictions of the shell model (0.17 b) and the tri-
axial model (-0.14 b) have opposite signs, but un-
fortunately such a measurement is not feasible

with the techniques currently available.
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Elastic and inelastic scattering of monochromatic photons were used for studying nuclear
energy levels in 69Ga; the photons were produced by thermal neutron capture in copper and
vanadium. The decay of one resonance at 7306 keV excited by the copper y source and
another resonance at 6874 keV excited by the vanadium y source were studied in detail and
30 low-lying levels were observed from the ground state up to 3.4 MeV, 17 of which are be-
lieved to be new levels in SGa. The angular distribution of some elastic and inelastic lines
were measured and the following spin determinations were made (keV, J"): 320, Tt, (TI );
574, $; 872, r3, 1488, r3, $; 1525 (r~, rs); 1891, rs, (1978), (r~, g~); 2457, r~, 2484, r~,

(2565), (T, &~); 2660, &~, 3051, (r3, &~); 3076, $; 3318, (&~); 6874, &+ and 7306, $+, where
parentheses denote uncertain J'~ assignments. The parity of the 7306-keV level was direct-
ly determined using a Compton polarimeter. The total radiative width of the 7306-keV level
was measured and found to be 1 =0.105+0.020 eV. For the 6874-keV level, a positive corre-
lation coefficient was obtained, p =0.69, between the (y,y') and (d, n) transition strengths
leading to the same final states in OGa. The levels of ~ Ga are compared with recent theoret-
ical calculations.

I. INTRODUCTION

In the past few years, the technique of nuclear
photoexcitation using neutron capture y rays, has
been employed for studying the energies and spec-
troscopic properties of nuclear levels in several

isotopes. ' ' In the present work, the same tech-
nique is used for studying the energy levels of
"Qa using y sources obtained from thermal neu-
tron capture in copper and vanadium. The deex-
citation of the 7306-keV level of "Qa excited by
the y rays of copper had been studied in detail.
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FIG. 1. High-energy part of the scattered y spectrum from a Ga target at an angle of 140' measured by a 20-cm3
Ge(Li) detector. The y source was obtained from the Cu(n, p) reaction. p lines denoted by P and F refer to photo-
peaks and first-escape peaks, respectively; other lines refer to double-escape peaks.

The positioning of 17 new levels was made by rely-
ing on the assumption that strong high-energy y
rays are primary transitions from the 7306-keV
resonance. In the case of vanadium y source, two
resonances were excited (one in "Ga and the other
in "Ga), of which only one y line at 6874 keV (in
6'Ga) was strongly scattered. Therefore, no new

levels were deduced from the resonances excited

by the y rays of V, because of the ambiguities in-
volved in this process. Hence, the information ob-
tained from the 6874-keV resonance was only em-
ployed to confirm the existence of new levels pop-
ulated by the decay of the?306-keV resonance.

The "Ga energy levels were studied both experi-
mentallye "and theoretically. ' " ' The experi-
mental information was summarized by Couch
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FIG. 2. Low-energy part of the scattered spectrum, from a 3-g/cm2 Ga target, obtained after an artificial subtrac-
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et g/. "; it includes experiments carried out using
the (n, n'y) reaction, the P' decay of 69Ge, the P
decay of "Zn, the "Zn(d, n) reaction, and the "Ga
(y, y') reaction using low-energy y rays. In these
studies, some information about the spins of 11
levels in "Qa was obtained. In the present work,
some of these earlier results were confirmed and
in addition, the spin assignments for 10 other
levels in "Qa were made.

II. EXPERIMENTAL METHOD

The y source was obtained from thermal neutron
capture in metallic disks of either copper or vana-
dium. The disks were placed near the reactor
core along a horizontal tangential beam tube of the
Israel Research Reactor (IRR-2). In each y
source, five disks were used of 8 cm diam and 2
cm thick. Details of the experimental arrange-
ment and the scattering system were described
elsewhere. ' The detectors used in the present
measurements were 20- and 30-cm' Ge(Li) diodes;
the energy resolution was around 8 keV at 7 MeV.

The scattered radiation spectrum from Qa using
a V(n, y) source was found to consist of two inde-
pendent resonances of which the resonance at 6874
keV was found to correspond to resonance scatter-
ing from "Qa, as evidenced by several inelastic
transitions. The other resonance at 7310 keV was
found to photoexcite the ~'Qa isotope, as evidenced
by three inelastic transitions. This resonance was,
in fact, very weakly excited and could be detected
only through its inelastic components. Table II
lists the results of y line energies and intensities
obta, ined using a V y source.

B. Decay Scheme

In order to construct the decay scheme and
hence the energy levels of "Ga (Table III), it must
be noted that a single level at 7306 keV is excited
by the incident t u capture y rays, as may be seen
by comparing the line energies of the scattered
spectrum with the line energies of the Cu(n, y) re-
action. " It is assumed that the high-energy y
lines are all due to primary y transitions deexcit-
ing the resonance level. The justification of this

III. RESULTS

A. Energy Spectrum and Identification
of Scattering Isotope

A typical energy spectrum of the scattered pho-
tons from a Qa target as obtained by using a cop-
per y source is shown in Fig. 1. A natural Ga
target (60.4% "Ga and 39.6/0 "Ga) of 10g/cm' thick
and 7.5 cm diam was used. About 10-mm thick-
ness of lead was placed in front of the Ge(Li) de-
tector for filtering out the large number of low-
energy pulses obtained from atomic interactions
of the direct y beam with the scatterer.

Figure 1 consists of one elastic line at 7306 keV
which corresponds to a strong intensity line in the
Cu(n, y) spectrum. " Several of the remaining
lines were found to correspond to primary transi-
tions to low-lying levels in "Qa. Further, none
of the high-energy lines of Fig. 1 wer'e found to
correspond to any of the known low-lying levels
of the other stable isotope, "Qa. This indicates
that "Qa is the only isotope responsible for reso-
nance scattering of the copper capture y rays.

Figure 2 shows the low-energy part of the
scattered spectrum from a. y source of t u, using
a 3-g/cm'-thick Ga target obtained after an arti-
ficial subtraction of an exponential background.
Only a 4-mm-thick absorber of lead was placed in
front of the Ge(Li) detector for filtering out pho-
tons of energies below 500 keV.

Table I lists the results of y lines of high- and
low-energy spectra together with the intensities of
the high-energy lines obtained using a Cu y source.

y line energy
(primaries)

(keV)
Branching ratios

(%)

y line energy
{secondaries)

(keV)

7306+ 2
6732 + 2
6434+ 2
5818+ 2

5415 + 3
5383 + 3
5109+3
4954+ 3
4880 + 3
4849+ 2

4822 + 2

4646~ 2

4541+ 3
4509+ 3
4460 + 3
4446 + 4
4342+ 3
4328+ 2
4255+ 3
4230 + 4
4102+ 4
4081+ 6
4024+ 6
3988+ 6

52.0
3.6
3.0
6.0
0.8
0.1
0.5
1,3
1.0
1.9
2.0
4.2
0.6
2.0
0.4
0.8
0.4
1.2
3.6
3.4
2.2
2.2
1.0
4 1

2484 +4
2340+ 4
17216 3
1630 + 3$
1488 +2
1336+ 2
1105+ 2
915+2
872 +2
574+2

TABLE I. y energies of the scattered radiation from a
Ga target; the y source was obtained from the Cu(n, y)
reaction. The branching ratios of the assumed primary
transitions are given and are accurate to +15%. The y
energies of the low-energy spectrum are listed under
secondaries. Daggers indicate unidentified transitions.
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y line energy
(primaries)
(+4 keV)

Relative intensity
(~20%)

7310*
6874
6554
6346*
62024
6002
5349
4980
4896
4653$
4619$
4543$
4417
4309
4214

20
100
205

37
11
80
20
10
25
20
20
12
15
10
15

TABLE II. y energies of the scattered radiation from
a Qa target using V y rays. Intensities are normalized
relative to the 6874-keV resonance line. Asterisks de-
note transitions believed to correspond to a possible
resonance at 7310-keV resonance in Ga. Daggers indi-
cate unidentified transitions.

assumption and the discussion of other factors
which could apparently contribute to some lines
in the scattered spectrum were considered in de-
tail in earlier publications', it was concluded that
all high-energy y lines are inelastic transitions
proceeding to low-lying levels in the scattering
isotope.

Figure 3 shows the decay scheme obtained using
the above procedure; out of 23 measured inelastic
lines, only 6 transitions correspond to known

levels, while the remaining 17 transitions are be-
lieved to correspond to new levels. Figure 3 also
shows the decay of the relatively strong resonance
at 6874 keV excited by y rays of vanadium. The
other resonance at 7310 keV excited by the V y
rays is due to "Ga and hence is not shown in Fig.
3. It should be emphasized again that no attempt
was made to deduce new levels from the scattered
spectrum using V y rays because of the ambiguity
in associating a given y transition with a specific
resonance level. As a result, only transitions
which were found to correspond to within 3 keV to
the energy levels in "Ga were considered and in-
cluded in the decay scheme; all other lines were

TABLE III. Energy levels, spins and parities in esoa from the (y, y') reaction. For comparison, the values obtained
in the literature (Ref. 12) are also shown. Parentheses indicate uncertainties.

Present work
(keV)

320 +2

574+ 2

872 +2

1105+ 2

1336+2

1488 + 2

1525+ 3

1721+ 3

1891+2

1923~ 3

{1978+ 4)

2197*3

2352 + 3

2426 ~ 3

2457 + 2

Literature
(kev)

318.4 + 0.5

573.9 + 0.5

871.7 + 0.5
1027 + 0.5
1106.4+ 0.5
1336.1+0.5
1487,5 + 0.5
1525.2 ~ 0.6
1723.2 + 0.5
1891.1+ 0.6
1923.2 ~ 0.5
1979 ~15

2022.2 + 0.5
2042.6 + 0.5

2

2

2

( i)

(p) ($)

Present work
(keV)

2484 + 2

(2565 ~ 5)

2660 + 2

2765+ 3

2798 + 3

2846+ 3

2860 + 4

2964+ 3

2978 + 2

3051+3

3076 + 4

3204 + 4

3225+ 6

3282+ 6

3318+ 6

6874+ 2

7306 + 2

2

(-,
' f)

Literature
(keV)

2563*15

2660+15

2932 + 15

(3092 + 15)
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FIG. 3. Decay scheme of two resonance levels of 89Ga. The branching ratios and levels energies for the 7306-kev
resonance were constructed by assuming that all high-energy y lines in the scattered spectrum are emitted in primary
transitions; broken lines and parentheses indicate uncertainties. Most probable spins and parities for some levels as-
signed from the results of the present work are given.

disregarded.
By comparing the y line energies of the low en-

ergy spectrum (Table I) with known low-lying en-
ergy levels of ' Ga, it was possible to identify
several secondary transitions leading to the ground
state and some low-lying states. In fact the ener-
gies of the low-lying levels" at 1106, 1336, and
1721 keV were inferred from the low-energy spec-
trum by assuming that ground-state transitions
are involved. These three levels were not popu-
lated directly here and are believed to be fed by
low-energy transitions not observed in the present
measurements. Some of the y line energies were
found to fit to more than one difference between
level energies and are not mentioned in the decay
scheme owing to the obvious uncertainties in-
volved in this procedure.

with curves of the form W(e) = 1+A.P,(cos8) using
the method of least squares. Since the J" of the
"Ga ground state is ~, the theoretical angular
distributions of the scattered lines should be iden-

TABLE IV. Theoretical values of the angular distri-
bution coefficients A for Ga corresponding to all pos-
sible spin sequences of the form j-J—J&, where I).
is the spin of the 89Ga ground state; pure dipole transi-
tions are assumed.

0.05

-0.16

0.14

-0.04

C. Angular Distributions

The angular distribution of the strong elastic
and inelastic lines of the scattered lines from the
Cu(n, y) and V(n, y) sources are shown in Figs. 4
and 5, respectively. These distributions are fitted

2

2

0.160

-0.20
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FIC. 4. Angular distributions of the elastic and inelastic transitions deexciting the 7306-keV level in ~~oa as measured
using a 20-cm Ge(Li) detector. The solid lines have the form 8'(0}=-1+AP2 (eos 0) and are least-square fits to the ex-
perimental distribution. In each case the corre "ponding g -y cascade is indicated.

tical to that of the sequence —,'- J-Jf, where J and
J. a,re the spins of the resonance and final states,
respectively. Table IV lists the theoretical values
of A corresponding to all possible y-y cascades
formed by pure dipole transitions. These values
were used for comparison with the experimental
values and hence for deducing the spine of the
levels.

The character of the elastic line at 7306 ket)/" was
found, by polarization measurements (see next
section), 'to be Zl. Tbel efore, t)18 competing
high-intensity transitions are believed to be E1,
and the contribution of the M2 admixtures are ex-

pected to be small and may be neglected. All spin
assignments obtained in the present work were
therefore deduced under the assumption of pure
dipole transitions. It should be noted, however,
that small M2 admixtures" are known to occur
in some I".1 transitions; when this possibility is
accounted for, other spin assignments can be
made and are given in parentheses in Table III.

We hereby deal with the "Ga levels that were
strongly excited in the present work.

6874-ke V level. This level was excited by the
V(n, y) source. Its angular distribution (Fig. 5) is
effectively isotropic which indicates that its spin
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FIG. 5. Angular distribution of the elastic and one in-
elastic transition deexciting the 6874-keV level in Ga
as measured using a 30-cm3 Ge(Li) detector. See cap-
tion to Fig. 4.

is J= —,'. It follows that the distribution of any in-
elastic line deexciting this resonance level should
also be isotropic as shown in Fig. 5, irrespective
of the spin value of the final state. However, the
expected dipole nature of the transitions restricts
the spin values of the final states to J&= —,

' and —,',
in agreement with previous results. " The parity
of the 6874-keV level could not be determined by
polarization measurements, because its spin is —,'.
However, the character of the 6874-keV transition
was inferred to be E1 on the basis of comparing
its radiation strength I'z/Ez' with an average de-
termined from the decay of the 7306-keV level
(see Sec. IIIE).

7306-ke V level. This level was excited by the
Cu(n, y) source. The coefficient of the experimen-
tal distribution of the 7306-keV y line, P =0.14, is
precisely equal to the theoretical value corre-
sponding to the sequence ~ (1)—', (1) —', . This fact
determines the spin of the 7306-keV level to be
J = —,

' and shows that the transition involved is pure
dipole. It should be remarked in this connection
that an ambiguity in the determination of J could
very easily arise in this case because the theoreti-
cal value of A corresponding to the sequence
—,
' (1)—,

' (1)—,
' is A =0.16, and therefore a very care-

ful and refined measurement was necessary in the

present case for obtaining a reliable value of 3
and hence of J. This result combined with the E1
character of this transition (see below) indicates
that the parity of this level is even. It is expected
therefore that all levels populated by strong tran-
sitions should be Jz" = —,', —,', or —,

' . In addition,
since the 6874-keV resonance is J= —,', therefore
the spin of any low-lying level in "Ga populated by
both the 7306- and the 6874-keV resonances can be
unambiguously determined to be J= —,'.

320-, 574-, and 872-keV/evels. The spins of
these levels are reported in the literature. " The
320-keV level was populated only through the decay
of the 6874-keV resonance, and hence its spin
could be either —,

' or —,', which agrees with the
known value J"= —,

'
The 574-keV level was populated only via the

7306-keV resonance; the corresponding angular
distribution (Fig. 4) determines its spin as —,

'
(Table IV), in agreement with previous results. "

The 872-keV level was populated by both the
6874- and 7306-keV resonances which fixes its
spin as —,'. Further, the measured coefficient A, of
the corresponding y line (Fig. 4) confirms this de-
termination. It should be noted that some contro-
versy existed in the literature regarding the spin
of this level which was believed for some time"
to have a spin value —,'. This problem was only re-
cently resolved"; the present measurement con-
firms the recent assignment.

2488-ke V level. This level was populated only
via the 5818-keV transition from the 7306-keV
resonance. The value A. =0.10 +0.02 (Fig. 4) falls
midway between 0.14 and 0.05, and hence the 1488-
keV level may be assigned either —,

' or —,'. The
character of this transition is expected to be E1
because its radiation strength I&/E~' is of about
the same magnitude as other E1 transitions deex-
citing the 7306-keV level. Here, Iz and E& signify
the relative intensity and the energy of the transi-
tion. Earlier assignments" for this level were
J"=-', and J"= —,

' . It should be noted, however,
that the results of Couch et al." indicate that (d, n)
angular distributions are consistent with ) = 3 for
the 1488-keV level. Therefore a J' = —,

' assign-
ment appears to be favored by both the (y, y') and

(d, n) data.
1525-ke V /evel. This level was populated by the

decay of the 6874-keV resonance only and hence
its spin could be either —,

' or —,'. The fact that this
level was not populated by the 7306-keV resonance
suggests a higher preference to a spin value —,'.

$89l - and 2660-ke V levels. These two levels
were populated by the decay of both the 6874- and
7306-keV resonances, and hence their spin is de-
termined to be J = —,'. The measured distribution
of the corresponding y lines at 5415- and 4646-
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keV (Fig. 4) confirms these assignments.
1978- and 2565-ke V levels. The energies of

these two levels as reported by Couch et al. ,
"are

accurate to within +15 keV. In fact the 1978-keV
level was identified" with the well-established
level at 2022 keV. The present results, however,
favor the existence of an independent level at 1978
keV because a y line was observed whose energy
matches the difference between the 6874-keV res-
onance and 1978 keV. A somewhat similar situa-
tion occurs with regard to the 2565-keV level
which was apparently populated only through the
6874-keV resonance. The spin of these two levels
is therefore either —,

' or —,'. Because of the ambigu-
ities involved, the existence of these two levels is
considered uncertain.

2484- and 3076-ke V /evels. These are new

levels populated by the decay of the 7306-keV res-
onance only. The angular distribution of the cor-
responding y lines at 4822- and 4230-keV (Fig. 4)
is in good agreement with a spin value —,

' for the
two levels.

3051-ke V leva~. This level is a new level popu-
lated by the decay of the 7306-keV resonance only.
The coefficient of the angular distribution of the y
line at 4255 keV contains a large uncertainty and
effectively overlaps the theoretical value of A for
the spin sequences —,

' (1)—,
' (1)—,

' and —,
' (1)—,

' (1)—,',
which means that this level can be either —,

' or +.
3318-ke V level. This is also a new level popu-

lated by the decay of the 7306-keV resonance. The
angular distribution of the corresponding y line at
3988 keV agrees with a spin assignment J = ~2 .

For the 6874-keV level, the scattered intensity
was relatively weak and only higher and upper
limits for some parameters could be obtained:

0.01 & I', &0.05 eV, I',/I' &0.2,
5=10+1 eV, (o„)=3+1 mb.

E. Parities of the 7306- and 6874-keV Levels
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~ ~ 0

~ ~ ~ ~
a ~ ~ ~ ~

~0~
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~H ~
e~

200 — POLARIZATION CORRELATION

Ga TARGET
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I00-

The parity of the 7306-keV level was established
by measuring the polarization of the elastically scat-
tered photons, using a Compton polarimeter. De-
tails of this type of measurement were described
earlier. ' " Assuming E1 radiation, the theoreti-
cal degree of polarization P of the scattered 7306-
keV photons at 90' to the incident beam corre-
sponding to the sequence —,

' (1)—,
' (1) a is P =0.63.

The calculated ratio Ng/Nz = (P+ft)/(PR+I) ob-
tained by assuming El radiation and an asymmetry
ratio'" fr=1.14 is N, ~/N~=1. 030. This value of

D. Radiative Widths and Scattering

Cross Sections

In a previous publication, ' it was noted that in
order to measure the radiative width of a reso-
nance level, it is necessary to carry out a set of
five experiments in which the a,ngular distribution,
the temperature variation of the scattering cross
section, the nuclear self-absorption, the ground-
state branching ratio, and the absolute scattering
cross section (o„) should be measured. These
experiments determine the four parameters of the
resonance level, namely, the spin/, the distance
5 between the peaks of the incident energy line and
the resonance level in "Ga, the ground-state par-
tial radiative width I', and total radiative width 1".
The fifth experiment is used for checking the con-
sistency of the four parameters. For the 7306-
keV level, the parameters which best fitted all
experiments were:

I' =0.105+ 0.020 eV, I', /I" = 0.46 + 0.06,
5=6.2+0.5 eV, (o, ) =80+5 mb.
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FIG. 6. Sum-coincidence spectra obtained with the
NaI detectors in planes perpendicular (&) and parallel
()~) to the resonance scattering plane. Both N~ and N~~

refer to the area under the photopeak and first-escape
peak.
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g includes finite geometry corrections. ' ~" For
Ml radiation, P=1.58 and N„/N~=0. 97. The mea-
sured value is N~, /N~ =1.03+0.03, as obtained
from Fig. 6 which shows the sum-coincidence
spectra for the elastic y line at 7306 keV at two
perpendicular planes; the running time being 96 h.
This result indicates that the elastic radiation is
E1, and hence the parity of the 7306-keV level is
even.

The parity of the 6874-keV level was inferred
from a comparison of the values of I'~/Ez' for the
6874-keV elastic and the 6554-keV inelastic tran-
sitions with a value (I'z/Ez') =0.047 eV MeV ' ob-
tained by averaging over the 7306-keV elastic,
6732- and 6434-keV inelastic lines, known to be
E1 transitions. Here I'& and E& refer to the partial
radiation width and the energy of the correspond-
ing transition. Using a reasonable value, I', =0.02
eV, for the 6874-keV level, one obtains I'&/E&'
= 0.06 and 0.14 eV MeV ' for the 6874- and 6554-
keV transitions, respectively, which indicates
that these two transitions are also El, and hence
the parity of the 6874-keV resonance is very likely
to be even.

IV. DISCUSSION

A, Correlation Between {y,y') and (d, n)
Reaction Widths

The existence of large positive correlations be-
tween the reaction widths from the (n, y) and the

(d, p) reactions are well established and are known
to occur in several nuclides. "" It was also
noted that a positive correlation may also occur
between the (y,y') and (d, p) reaction widths, and
some experimental evidence'4 was presented favor-
ing the existence of such correlations. It is there-
fore of interest to test whether there exists a
similar correlation between the (y, y') and (d, n)
reaction widths leading to the same final states in
"Ga. The (y, y') transition strengths I&/E&', were
calculated from the decay of each of the two reso-
nances at 6874- and 7306-keV (Tables I and II).
The corresponding (d, n) strengths (2Z&+ 1)S&,
where Sf is the usual spectroscopic factor, were
taken from the "Zn(d, n) rea, ction reported by
Couch et a/. " The correlation coefficient p(x~, yz)
is defined by

where xz = I&/Ez' and yz = (2 Jz + 1)Sz. The values
of p obtained for the two resonance levels were:

6874 keV: p =-0.69, 98.5% percentile of p =0;

7306 keV: p=0.19, 80% percentile of p=0.

Effectively, only the 6874-keV resonance yields a
statistically significant positive correlation.

The group of levels that were included in the
calculation of p were selected by assuming that
all low-lying levels populated in the present work
are of odd parity. Table V lists the values of the
parameters of all the assumed —,

' and 2 levels
that were included in calculating the p of the 6874-
keV resonance ( s ); the (d, n) transition strengths
of the l~ =1 neutron groups are also given.

The case of the 7306-keV resonance (2 ) is more
complex because the low-lying levels populated by
its decay are &, &, and & . These levels are
populated by the "Zn(d, n) reaction by two neutron

groups, namely, l~ =1 and l~=3. It appears, how-

ever, that all known" /~ =3 levels were either not
populated by the (y, y') reaction, such as the 1336-
and 1723-keV levels, or relatively weakly popu-
lated, such as the 574-keV level. This fact re-
duces the value of p; it also smears any correla-
tion which might exist between (y, y') and (d, n)
transitions leading to J'= 2, l~ =1 levels.

The positive correlation may be explained by us-
ing a simple-minded picture'4 in which the 6874-
keV resonance level in "Ga is viewed as a parti-
cle-hole E1 excitation of protons. Accordingly,
one P„,proton in the configurations P,l, ',

state" is excited to the 3s„,orbit to form a J"
level. The new system, which effectively

consists of a "Zn core+3s&/2 proton, will selec-
tively prefer single-particle proton transitions of
the form 3s,~, -2Pyf2 3(2 Obviously, the intensity
of such transitions is dependent on the spectro-
scopic factor of the 0 "& = —,

' and & final states,

Level
energy

(key)

(y, y') Reaction
Eg

(keV) If/E~ ' (d, n) Reaction
(2J +1)$~

0
320
872

1027
1525
1891
1978
2457
2565
2660

6874
6554
6002
5874
5349
4980
4896
4417
4309
4214

0.31
0.71
0.37
0.0
0.09
0.08
0.17
0.17
0.20
0.13

1.62
1.20
0.30
0.17
0.0
0.0
0.20
0.0
0.20*
0.108

TABLE V. Comparison of the transition strengths from
the 6874-keV level in the (y, y') reaction with the corre-
sponding values from the 8 Zn(d, n) reaction (Ref. 12);
only levels believed to be $ or $ and for which l& =1
are included. Asterisks denote strengths estimated from
the (d, n) spectrum given by Couch & &. (Ref. 12).
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and hence should be correlated to the l~=1 neu-
tron intensities in the "Zn(d, n) reaction. It is
clear that photons may also excite a particle hole
of neutrons in the ground state of Ga. In such a
case, the correlation between the intensities of
the y transitions and the neutron groups in the
(d, n) reaction should be drastically reduced. This
may partially explain the absence of correlation in
the 7306-keV level.

B. Energy Levels of Ga

The "Ga nucleus consists of 38 neutrons and 31
protons. The energy levels of "Ga were calcu-
lated by several authors. ' ""'" It appears that
the best description of the low-lying levels of "Ga
may be obtained by coupling three protons in the
p,/„P, /„and f», orbits (outside Z =28) to the
quadrupole vibrations of the "Ni core." The low-
est three states of "Ga are expected to be princi-
pally formed by coupling the ' Ni ground state to
the proton configuration P», '(J' = —,'), P,/, '(0}P»,(Z = —,'),
and p», '(0}f»,(J'= 2). These states were in fact
identified with the ground, 319- and 574-keg
levels, respectively, using the "Zn(d, n) reaction. "

The coupling of the 2', 1.4-Me7 excited state,
of 'Ni to the P,~,

' proton configuration yield four
states with spins J= -,', —,', —,', and &. Other states
may also be formed by coupling the ground state
or the 2 state of 'Wi to proton configurations of

p 3/2 ( )l 1/2 ~3/2 ( }f5/2 P 1/2 ( }P3/8fM,'(0}P,/, . It should be noted that each state of
"Ga is expected to be a linear combination of sev-

eral configurations with a dominant contribution of
one principal configuration.

It is not intended here to make a detailed com-
parison between theory and experiment because
the (y, y') reaction is not suited for identifying the
configuration components in the states of "Ga. It
may be noted, however, that the possibility of
assigning either 2 or & to the 1488-keg level'
may be excluded (Table III). Further, in the work
of Paradellis and Hontzeas" the 1891-keg level
was also identified with theoretically predicted ~
level. The present results show, beyond doubt
(Table III) that this identification" is false.

A gross-structure comparison may be made be-
tween theory and experiment by assuming that all
low-lying levels strongly populated in the present
work are of odd parity. It may be noted that the
number of measured levels below about 2 Me7
whose J" values are known to be —,

' or —,
' is 8 or

probably 9, which is equal to the number of levels
predicted by Parr, "by Almar et al. ,"and by
Paradellis and Hontzeas. " However, the pre-
dicted number of —,

' and & levels below 2 MeV is
8,"6,"and 5" compared with a total of four
known experimental levels. It is very likely that
more experimental work will reveal more high-
spin levels below or around 2 MeV in "Qa. This
comparison roughly shows that the above theoreti-
cal description and the number of degrees of free-
dom used is adequate for reproducing the energy
levels of "Qa below and around 2 MeV.
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