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DIRECTIONAL CORRELATION STUDIES OF GAMMA TRANSITIONS

IN M G i AND 7 1 G» M )

R. N. Saxena'2». A. Bairrio Nuavo Jr.'2>, F. C Zamtstak"'

and I. D. Goldman14 •

ABSTRACT

The directional correlations of 7-transitions in 71Ga and ̂ Ga have baen meaturad from tht decay of 71mZn
and 69G«, respectively, using a Ge(Li)NaftTC) gamma spectrometer. Spin assignment! to the levels, in 71Ga. *t
390<1/2">, 487(5/2"). 512(3/2"), 96415/2"), 1107(7/2"), 1494(9/2*) and 2247 k*V (7/2*), and, in ^Ga. at
318(1/2"). 57415/2"). 872(3/2"), 1106(5/2"; 3/2"l, 1336(7/2"), and 1923 k«V (7/21 confirm the result! of previou!
studies on these nuclt>. The multipolc mixing ratios 5(52/*fl), for several -̂transitions, in both nuclei, have been
determined from the present angular correlation data. The results are: 8(121) ="0.2* JJ . 6(142) =0.04 ±0 04.
6(386) =-0003 + 0.014. 5(487) =004 ±0.07, 5(512) =0.14 ±0.10, 6(620) = 1.3* ° , | 5(753) =000 ±001 and
Ô1964) = 0 6 * § | , lor tranjition in 71Ga, and 6(234) = 0 28 ± 0.04 or 008 ±002. 6(587) =-1.1 ±008.
5(1051) =00 ± 0 10 and 5(1349) =0 13 ±0.03. for transitions in

1 - INTRODUCTION

C o n s i d e r a b l e t h e o r e t i c a l < 2 - 3 <7 • 1 4 • * 7 - 1 8 • 2 4 • 2 8 - 3 ^ ) as w e l l as
experiment8l ( 3 .4 -7 -8 '1 0 '1 2 '1 s .1 6 -1 9 .2 0 .2 3 '25 -2 7 2 9 -3 3 .35-38) jmerest has recently been shown in the
level structure of odd-4 Ga isotopes. The spectra of these nuclei are quite similar. Some of the low-lying
states show single particle character ' 3 - 8 - 3 5 - 3 6 ' , while others seem to contain collective
admixtures1 1 2-1 6-1 9-3 1-3 3-3 7-3 8 1 , and were interpreted in terms of doubly even core coupled to the
single proton states. For 7 1Ga, calculations are also available using a rotational model which includes
permanent deformation and Coriolis-coupling'28'. Nevertheless, a satisfactory explanation of the existing
date on the structure of these nuclei has not yet been achieved. The agreement between calculations and
experiments in only limited.

The energy levels of 71Ga and 6 9 Ga have been investigated in the past by several techniques.
These include the 0-decay 6 9 - 7 1 Z n ' 2 " - 2 5 ' 2 9 - 3 0 ' 3 2 ' 3 7 - 3 8 ' and 6 9 G e ' 3 8 ) , the proton stripping and
capture reactions»8 2 1 '2 3 '2 6 '2 7 '3 5"3 8 ' and (n, n'y) reactions'331. Coulomb excitation'3-10-12» and
resonance fluorescence studies''4-19>, and 6 9 ' 7 1 G a (a, a'y) and 66,68zn (a, fry) reactions'151 as well as
T? angular correlation measurements'18-221. The results of these various studies have led to consistent
energy level schemes for 7 1Ga and 6 3Ga. Spin and parity assignments to several levels, in both nuclei,
have also boen made. All of the previous 7-7 directional correlation measurements, in 7 1 6 a and 6 9Ga,
have been carried out with the use of N.il(TS) detectors, and prior to the derailed 7-ray studies by
Zoller et a! . ' 3 7 - 3 8 ' . Due to the rather complex nature of the spectra and close proximity of intense
7-rays, in the de-excitation of both nuclei, the interpretation of the results are not unambiguous. In
the previously reported measurements, the angular correlations, in many cases, are the combination o1
more than one gamma cascade. Consequently, these data were unable to provide definite values of
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(4) P Add • C P 20 553, 01000 - Sfo Paulo, SP.



the multipol* admixtures in 7-transitions. The main purpose of the present study is to measure the
directional correlations of gamma cascades in 7 1Ga and 6 9 Ga using a Gt(Li)-Nal(T8) spectrometer, in
order to clearly resolve 7-rays under investigation, and to determine the multipole admixtures of
several transitions in each nuclei

2 - EXPERIMENTAL PROCEDURE

The radioactive sources of 7 1 m Z n (7"w=4h) were obtained by the 7 0Zn(n, 7) reaction.
Approximately. 7 mg of ZnO (enriched to 68% in 70Zn) were enclosed in a silica tube, and i; radiated
with neutrons, at a flux 2 x 1 0 " n.cm'2 sec'1, for 1.5 hr, in the IEA-R1 reactor. A single source was
used in the experiment, for nearly 8 h, and then replaced by a new source.

The 69Ge(7"H =39h) sources were produced by 70Ge(7, n) reaction, irradiating 600 mg of
natural germanium metal in powder form, using the bremsstrahlung of the linear electron accelerator at
the Physics Institute, University of São Paulo. The sample was enclosed in an aluminum capsule, and
irradiated for 24 h The source was allowed to decay for two days before starting the measurements in
order to permit the decay of 72Ga(7\A = 14 h) and 7 3 Ga(T x = 5 h) produced in small amounts by {7. p)
reaction on 7 3 - 7 4Ge. No other activities were seen in the source. Each source was measured for three
days before being replaced by a new one

The 7^r spectrometer was a combination of a true coaxial 35 cm3 Ge(Li) detector and a
7 6 x 7 6 cm Nal(TS) detector Other details of the spectrometer system and the electronics are described
elsewhere'13'. The coincidences were recorded at angular intervals from 90° to 270° in steps of 15°.

In the 7 1 m Z n decay, most of the angular correlations were determined from the coincidence
spectra obtained by gating the 386 keV photopeak in the 7-spectrum through the Nal(TS) detector.
However the additional gamma cascades 620-487 and 596-512 keV were also measured by gating the
combined (620 + 596) keV photopeaks. The correction for the Compton scattered radiation of higher
energy coincident 7-rays, in the 386 keV gate window, were determined from the similar measurements
taken at the adjacent gate For the (620 + 596) keV gate setting, the Compton effects were negligible
and such measurements were not required.

In the study of 6 9Ge decay, three gate positions with centroids at 318, 872 and 1340 keV were
used to obtain the data. Compton corrections were necessary only in the case of 553-318 keV cascade
which were estimated. The data in all the cases were corrected for the chance coincidences, for the
decay of the source during the experiment and for the Compton contributions wherever necessary. The
chance coincidences were determined in separate experiments for each gate setting. The angular
correlation coefficients A ^ were obtained by the least squares fitting procedure in the usual manner
The phase convention of Becker and Steffenlslhas been adopted for the multipole mixing ratio 5, in the
subsequent analysis of the experimental data.

3 - RESULTS

The low energy part of the 7-spectrum in the decay of 7 1 m Z n obtained with the Gel Li)
detector is in Figure 1. Typical -y spectra in coincidence with the 386 and (620-*- 596) keV photopeaks,
respectively, are also shown in the same figure. The lower right harri side of the figure is the direct
7-spectrum obtained with the Nal(TU) detector, where the position of the gate settings are also shown.
The angular correlation curves, for various gamma cascades studied in 71Ga, are shown in Figure 2, with
the exception of the 386-(596)-512 cascade. The results for this cascade obtained from the 386 k«V gate
were slightly affected by the presence of a 511 keV annihilation radiation which came from impurity in
the silica container The data points at 180° and 165° were not included in the least squares analysis for
this particular cascade. The 596-512 keV cascade measurements from the (620+596)keV gate are,



however, frte from this effact. The relevant part of the level scheme of 7 1 6 a . ukan from ! 3 7 ) is also
shown in Figure 2. The level diagram shows only those transitions which are of interest in this study.
The corresponding results in the study of 6 9Ge decay are shown in Figures 3 and 4.

The results of the directional correlation coefficients Akk obtained from the present study are
summarized in Tables I and I I , for 71Ga and 6 9Ga, respectively. The \ k coefficients have bean
corrected for the effects of finite solid angles of the detectors'6'341. The multipole mixing ratios
5(F2/AM) were obtained by the x2 analysis, with the spin assignments as indicated ir Figure 2 and
Figure 4, for each nucleus. In the analysis it was assumed that the 596 keV transition in 7 t Ga is £2, and
5(573) and 5(872) in 6 9Ga have values of 0.04 and 0.11. respectively12" (see discussion).

TaMel

Results of Directional Correlation Measurements of ^-Transitions in 7 1 Ga.

Gamma Cascade

(keV)

386-(596)-121

386-142
386-(620)-487
386-<596)-512

386-596

386-620

753-386

386(142)964

386-1107
620-487
596-512

Gating
Transition

(keV)

386

386
386
386
386

386

386

386

386
620
506

0.03110.014

0.03910.011
0.023 ± 0.006
0.042 ± 0 0 1 3

-0.052 ±0.009

0.107 ±0.006

0.093 ± 0.029

-0.11210.032

0.010 ±0.036
0.19910.007

-0.00310.013

* 4 4

0.16510.025

0.11610.019
0.039 ±0.010

-0.01210.025
0.032 ±0.013

-0.043 ±0.010

-0.05310.046

-0.10710.045

0.05610.061
0.00710.010
0.00610.020

Mixed
Transition

(keV)

121

142
487
512
386

620

753

964

—
487
512

Multipole
Mixing ratio
5<£2/Af1)

+ 0.3
-0.20

-2.4
0.04 10.04
0.12 ±0.05

-0.08 10.16
-0.00310.014

+ 0.8
1.3

- 0.3
0.0 ± 0.01

+ 0.9
0.60

•0.3

0.04 10.08
0.20 ±0.05

Table II

Results of Directional Correlation Measurements of ^-Transitions in 6 9Ga.

Gamma Cascade

(ktV)

553-318
787-318

1206-318
234-872

-
1052-872
1349-574
587-1336

Gating
Transition

IkeV)

318
318
318
872
_
872

1349
1336

A32

0.01510.014
-0.00110.024

0.00310.032
-0.03010.009

—
0.00710.023
0.15010.015
0.20810.023

* 4 4

-0.01610.027
-0.07010.037

0.03910.051
0.001 ± 0.014

—
0.04210.040
0.063 ±0.083
0.07 10.12

Mixed
Transition

(kaV)

_
-
—
234
—

1052
1349

587

Multipole
Mixing ratio
5ÍE2/MV

—
—

0.2810.04*
0.0810.02 b

0.0 l0.10e

0.1310.03
-1.1 ±0.08

a) with «ht spin 3/2 - for tht 872 k«V level;
b) with tht «pin 6/2 - fo ' tht 872 ktV levtl,
c) tht value it for octopola/quadrupol* mixing '«tio.



4 - DISCUSSION

7 1 6 a nucleus

The spin and parities of a number of levels in 71Ga are known from the 0-decay studies'32-371

and from 71Ga (n,n'7> experiments'331 Additional information is also available from the (3He,d)
reaction137' The ground state spin of 7 1 6 a has been measured as 3/2 and the parity is known to be
negative'11' Velkley et a l . ' 3 3 1 determined the spin and parity values for many of the excited states in
71Ga, from the angular distribution of 7-rays emitted in the 7 1Ga ln.n'7) reaction The suggested spin
and parities for the levels, at 390(1/2'). 487(5/2'). 1107(7/2") and 1494 keV (9/2*), are in agreement
with the Sog ft values and -y-ray branching ratios that were observed in the beta-decay of 7 1 m Z n by
Zoller et a l . ' 3 7 ) For the 964 keV level, Zoller et t l . suggested an assignment of 5/2" from their
observation of a weak 575 keV transition from this state to the 390 keV (1/2") state, instead of the
assignment of 7/2" made by Velkley et a l . ( 3 3 ) . Most of the above spin assignments ate also in general
agreement with the results of (3He,d) reaction1271

The values of \ k for the 386-596 keV cascade are consistent with the spin sequence
9/2-7/2-3/2 The 9/2* for the 1494 keV level is thus further confirmed. The 7/2* assignment to this
level leads to an unreasonably large M2 admixture with £1 in the 386 keV transition. The 7 /2 ' and 3/2"
spin and parity assignments, to the 1107 keV and 512 keV levels, have already been established by
various types of studies'33-37' With these assignments, both 386 and 596 keV transitions are of nearly
pure multipolarities £1 and £2, respectively.

The results of 386-1107 keV cascade are the combination of two gamma cascades since there
are two 7-rays of naarly th« same energy 1107 keV de-exciting different levels but both in coincidence
with the 386 keV transition (see the energy level diagram in Ref. 37). Therefore, it was not possible to
determine the multipolarity of the 1107 keV transition deexciting the level of this energy from the
measured Akk values. However, if the 7/2" assignment for the level is accepted, then the 1107keV
transition must be £2.

The results of the 753-386 keV cascade were analyzed by assuming two probable spin sequences
7/2-9/2-7/2 and 5/2-9/2-7/2 The x2 analysis of the results favor the 7/2 spin for the 2247 keV level.
Assuming positive parity1371 for this level, the 753 keV transition is almost pure M l . The A ^ values
for the 386-620 keV cascade can fit both spin sequences 9/2-7/2-5/2 and 9/2-7/2-7/2. The 3/2 spin for
the 487 keV level has been rejected as it results in a large octopole admixture in the 620 keV transition.
The results of 620-487 keV cascade, however, do not agree with the 7/2 spin for the 487 keV level. The
combined results of the 386-620 keV and 620-487 keV cascades, therefore, indicate that the only
reasonable spin assignment to the levels at 1494, 1107 and 487 keV are 9/2, 7/2 and 5/2, respectively
The kkk values, for the 386-142 and 386-1142)964 keV cascades, can fit both 5/2 and 7/2 spin
assignments to the 964 keV level. However, according to Zoller et al.<37> the observed 575 keV
transition from this level to the 390 keV (1/2") level should eliminate the 7/2 spin value. The results of
the (1,3) angular correlations, for the 386-<596)-512 and 386-(620)-487 keV, were analyzed to provide
Akk values for the (1,2) correlations of the 596-512 and 620-487 keV cascade using 6(596) = 0 and
S(620) = 1.3. The results of the calculation are in good agreement with experimental Akk values for
these cascades

8 9 Ga nucleus

The spins and parities of the ground state ( 3 / 2 ) and of the first four excited states at
318(1/2"), 574(5/2"), 872(3/2") and 1106 keV (5/2", 3/2") in flflGa are fairly well established by
various studiei. These include /T-decay of 69m,g2n (25,38) a n d £• E C d e c a y o f 89Ge<38> t h e („,
n '7 ) l 3 3 ) , (d,n) <8.*3>, and (ne^d), l 2 7 > , reactions studies. Zoller el a l . ' 3 8 1 gave an assignment of 5/2"
for the 872 keV level. Later, Raman and Couch'26' showed that this level is populated in the 6 9 Zn



decay via a ^-transition from the 1/2" ground state, and not from the 9/2~isomeric state, as assumed by

Zoller et «I.138». The correct assignment is, therefore, 3/2". Zoller t t al. assigned spin 3/2" to the

1106 keV level. Later work by Ricato and David1271 and by Couch et al.<8> indicam that a 5/2" spin

assignment is also compatible. The level at 1336 keV has an assigned value of 7/2" for its spin and parity

from the (n.n'-y), l 3 3 >, and (He^d) ( 2 7>, reaction work.

The spin assignment of 1/2 to the 318 keV level, in 6 9Ga, is further confirmed from the results

of present work. All the three gamma cascades 553-318, 787-318 and 1206-318 keV, which depopulate

through the 319 keV level, show nearly rsotropic angular correlation characteristic of spin<1, for the

intermediate level.

The r-7 angular correlation measurements of Khodzhaev116) lead to different spin assignments

to some levels in 8 9Ga. As mentioned before, Khodzhaev used a system with two Nal(T£) detector,

where it is difficult to make corrections for the contributions from other transitions. The values of the

mixing parameters obtained in his study are, therefore, not considered in our discussion. The ^-transition

of 574 and 872 keV are known to have various values of the multipole mixing ratio 5 from the previous

studies which include Coulomb excitation in 69Qa(3> radiative capture of protons by 6 8 Z n ( 2 1 ) ,

(n,n'7> reaction133' in 6 9Ga, and nuclear resonance fluorescence in 6 9 G a l 2 1 ) . The values are

0.03 < f i { 5 7 4 ) < 0.1 or 1.5 < 8 (574) < 3.5 < 3 3 ) , 8(574) =-0.04 ±0.04 or 3.05± 0.65 < 2 1 ) ,

8(574) =0.057 <3>, | 6(872) | < 0 5 5 <19>, 8(872) = - 0 . 1 1 * ° ° § or - 3 . 0 5 * . ^ ( 2 1 > , 8(872) =0.13< 3 ' .

Most of these studies, however, agree that the 574 and 872 keV transitions are predominantly M1 rather

than £2. The larger value of 6(574) leads to an £2 enhancement of about 300 Weisskopf units181, in

contradiction with the ratio of the experimental fl(£2) I to the B(B2)% p equal to 0.314 ( 3 ) . We have

chosen the 6(574) = -0 .04 and 6(872) =-0 .11 values1211 for the 674 and 872 keV transitions,

respectively, in calculating other mixing ratios from the present measurements.

Two gamma cascades 234-872 and 1051-872 were measured from the spectra gated by the

872 keV photopeak. Both spin sequences 3/2-3/2-3/2 and 5/2-3/2-3/2 are compatible with the measured

values Akk for the 234-872 keV cascade. However, with either sequence the 234 keV transition is

predominantly M\. In a recent study of 69Ga(a,a'7) 8 8Qa and8 8Zn (cr,p7)89Ga reactions Ivascu et

a l . ( 1 5 ) report that they obtain good agreement for the lifetime, branching ratios and B(£2) and fl(Afi)

values only for a 5/2" spin assignment for the 1107 keV state. The A M values of the 1051-872 keV

cascade can fit 3/2, 5/2 as well as 7/2 spin assignments to the 1923 keV level. The angular correlation

results of the 587-1336 keV and 1349-674 keV cascades, originating from the same 1923 keV level, were

also analyzed assuming the above spin values. Only the results of 587-1336 keV cascade provide a

unique assignment of a 7/2 spin value. The 3/2 spin value gives a large octopo!e admixture in the

587 keV transition and, hence is rejected, while the 5/2 spin gives a much larger x2 for the fitting of the

data compared to the 7/2.

6-CONCLUSIONS

A number of theoretical approaches have been developed in the recent years to explain the
properties of the low lying levels of odd-4 nuclei in the region28KZ<40. A considerable attention
has been given to the intermediate coupling model.

In the case of 8 9Ga and 7 1Ga several such calculations have been carried o u t ' 2 3 ' 2 4 ' 3 1 ' . The

agreement between experiment and theory is reasonable for the energy of the levels. The agreement with

the 5(£2) values13' is, however, only marginal. IsaKov'14', using the shell model concepts in hit

calculations for 71Ga, obtained a somewhat better agreement with the experimental values cf 0 (£2) ' 3 ' .
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According to the results given in < 1 6 ) , some of the states in 69Ga and 7 1Ga show substantial

collective behaviour and were interpreted in terms of an excited-core model'9'. The results of th*

present study, however, indicate that several 7-transitions in both the nuclei have considerable

magnetic dipole admixtures, and an interpretation in terms of collective model may have a somewhat

limited value. According to the results of Coulomb excitation studies'3', the 5(52) values for the

ground state transitions from 390, 487, 512 and 1107 keV states in 7 1Ga, and 574 and 872 keV

states in 6 9Ga, are not much different from the single particle estimates, and in most cases much

lower than the average fl(£2: 2* -*0*) values in the neighbouring even-even nuclei.

The theoretical problems, connected with the interpretation of nuclear properties in this mass

region, are quite complex, and the purpose of this study is only to provide additional results in the

hope that further attempts cart be made to improve the theoretical calculations.
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RESUMO

Foram meddas conelações dneaonait da transições 7, am 71Ga a 69Ga, a partir do dacaimanto da 71mZn
a 69G«, respectivamente, usando um espectrometro da Ge(Li)-NaKTt) O» spim associados ao* níveis no 7 1Gi a
390(1/2"» 487(5/2"), 6*5(3/2-). 994(5/2"). 1107(7/2"», 1494(9/2*) a 2247 kaV (7/2*), a no ^Ga a 318(1/2"),
574(5f2~), 872(3/2"). 1106(5/2"; 3/2"), 1336(7/2"), a 1923 kaV (7/2) confirmam 01 resultados da estudos
amerces destes núclaos. Foram determinada» razoas da mistura da multipolaridada 5(£2/M1) para vária* transições

em ambos os núcleos, a partir dos presentes dados de correlação angular. Os resultados tab: 6(121 )="0 2* 24.

6(1421 = 0 04 ±0,04, Ô(38B)=-0003±0014, 6(487) =0.04 ±0.07, 6(512) ="0.14 ±0.10, 6(620) =1.3* °.| .

5(753) = 0 00 ± 0.01 e 5(964) = 0 . 6 * ° | , para transições no 71Ga, e 6(234) =0.28±0.04 ou O.08±0.02,

6(587)=-1 1±O08.ô(1O51)=O0±010aô(i349)=0.13±003, para transições no ^Ga.
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Figure 1 - The low energy ripectrum, in the decay of 71»"Zn obtained with the Ge(Li) detector (A),
and with the Nal(TC) detector (D). The gamma-gemma coincidence spectra, with the
386 KeV photopeak (B), and with the (606 + 620) KeV photopeaki (C).
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