DIRECTIONAL CORRELATION STUDIES OF GAMMA TRANSITIONS
IN €°Ga AND 7'Ga

R. N. Saxena, A. Bairrio Nuevo Jr., F. C. Zawislak
and |. D. Goldman

PUBLICACAO IEA 475

COURP-AFN 60 ABRIL/197)




PUBL. IEA 475 ABRIL/1977
COURP-AFN 60

DIRECTIONAL CORRELATION STUDIES OF GAMMA TRANSITIONS
IN ®°Ga AND 7'Ga

R. N. Saxena, A. Bairrio Nuevo Jr., F. C. Zawislak
and . D. Goldman

CENTRO DE OPERAGAQ E UTILIZAGAO DO REATOR DE PESQUISA-IEA-1
Area de Fisica Nuciear

INSTITUTO DE ENERGIA ATOMICA
SAD PAULO ~ BRASIL

APROVADO PARA PUBLICACAO EM OUTUBRO/1276



CONSELHO DELIBERATIVO

Xlsus Reinsch — Presidente

Roberto D'Unre Vez — Vice-Presilente
Helcio Modesto da Costa

ivano Humbert Marchesi

Admer Cervellini

Regine Elisabete Azevedo Beretta
Fldvio Gori

SUPERINTENDENTE

Romuio Ribeiro Pieroni

INSTITUTO DE ENERGIA ATOMICA
Caixa Postal 11.049 (Pinhgiros)
Cidede Universitéris “"Armando de Selies Oliveira’’
SAD PAULO -~ BRASIL

NOTA: Este 1rsbaiho foi conferido Pelo sutor depois 08 cOMPOsIo B sua redeclo esté conforme o Origingl, som qualquer
corregho ou mudance,




DIRECTIONAL CORRELATION STUDIES OF GAMMA TRANSITIONS
IN ..G‘ AND 716'")

R. N. Saxenal2), A. Bairrio Nusvo Jr.'2), F. C. Zawislak!3)
and . D. Goldman'4!

ABSTRACT

The directional correlations of T-transitions in 7 1Ga snd 69Ga have been messured from the decay of 71MZn
and 59Ge, respectively, using a GelLi)- Nel(TQ)gamma spectrometer. Spin assignments to the levels, in NGa, at
390(1/27), 487(6/27), 512(3/27), S6AIE/27), 110717/27), 1494(9/2") and 2247 keV (7/2"), and, in ©9Ga, at
318{1/27), 574(5/27), 872(3/27), 1106(5/27, 3/27), 1336(7/27), and 1923 kaV (7/2} confirm the results of previous
studies on these nucie. The multipole mixing ratios S{£2/ M1), for several Y-trensitions, in both nuciei, have been
determmed from the present angular correistion data. The results are: 5{121)= oz'gi’ 5(142) =0.04 £ 0 04,
5(386) =-000310.014, 3(487)=004 2007, 5(512)=-0.1410.10, 5620 =1.3 5(753) =0001001 and
81964) =06° 33, tor tansition in 7'Ge, end 5(2341=0282004 of oos:tooz 5(587) =-1.11 008,
8(1051) =0.0 1 0.10 and 5(1349) =0 13 £ 0.03, for transitions in 6965,

1 — INTRODUCTION

Considerable theoretical'2.3.7,14,17,18,24,28,31) a5 well as
experimental(3,4.7-8.10,12,15,16,19,20,23,25-27,29-33,35-38} jprerest has recently been shown in the
level structure of odd-4 Ga isotopes. The spectra of these nuclei are guite similar. Some of the iow-lying
states show single particle character!3.8.35.38) while others seem to contain collective
admixtures(12.16,19.31.33,.37,38)  3nd were interpreted in terms of doubly even core coupled to the
single proton states. For 71Ga, calculations are also available using 2 rotational model which includes
permanent deformation and Coriolis-coupling!28). Nevertheless, a satisfactory explanstion of the existing
data 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 88Ga have been investigated in the past by several techniques.
These include the f-decay 69.712n20.25,29-30,32.37-38) ang 89Gel38) the proton stripping and
capture reactions!8.21,23.28.27,35-38) and (n, n'y) reactions!33), Coulomb excitation!3.10.12) angd
resonance fluorescence studies':19), and 69.71Ga (a, a’y) and 66.882n (a, py) reactions!'5 as well as
vy angular correlation measurements!16.22) The results of these various studies have led to consistent
energy level schemes for 71Ga and 89Ga. Spin and parity assignments to several levels, in both nuclei,
have also bren made. All of the previous 7~y directional corralation measurements, in 71Ga and 9Ga,
have been carried out with the use of Nal(TR) detectors, and prior to the detailed y-ray studies by
Zoller et al. (37.38), Due 1o the rather complex nature of the spectra and close proximity of intense
Y-rays, in the de- ercitation of both nuclei, the interpratation of the resuits are not unambiguous. In
the previously reported measurements, the angular correlations, in many cases, are the combination of
more than one gasnma cascade. Consequently, these data were unsble to provide definite values of
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the mwitipole admixtures in -y-transitions. The main purpose of the present study is to measure the
directional correlations of gamma cascades in 71Ga and 59Ga using a Ge{Li)-Nal(T€) spectrometer, in
order 10 clearly resolve yrays under investigation, and to determine the multipole admixtures of
several transitions in each nucler

2 — EXPERIMENTAL PROCEDURE

The radioactive sources of 7'™Zn (7, =4h) were obtained by the 70Zn(n, y) reaction.
Approximately, 7 mg of ZnO (enriched to 68% in 79Zn) were enclosed in a silica tube, and iiradiated
with neutrons, at a flux 2x 10'? nem™? sec™', for 15 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| T, =39h) sources were produced by 70Ge(y, 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 S3o Paulo. The sample was enclosed in an aluminum capsuls, 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 nGa(T =14 h) and 73Ga(T =5 h) produced in small amounts by (. p}
reaction on 73.74Ge. No other actlvmes were seen in the source. Each source was measured for three
days before being replaced by a new one.

The y-y spectrometer was a combination of a true coaxial 35¢m® GelLi) detector and a
7.6x 7.6 cm Nal(TR) detector Other details of the spectrometer system and the electronics are described
eisewhere!13). The coincidences were recorded at angular intervals from 90° to 270° in steps of 15°.

In the 7'™Zn decay, most of the angular correlations were determined from the coincidence
spectra obtained by gating the 386 keV photopeak in the y-spectrum through the Nal{T®) detector.
However the additional garmma cascades 620-487 and 586-512 keV were also measured by gating the
combined (820 + 596) keV photopeaks. The correction for the Compton scattered radiation of higher
energy coincident y-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 69Ge 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 Ak x were obtained by the least squares fitting procedure in the usual manner.
The phase convention of Becker and Steffen'® has been adopted for the multipole mixing ratio 5, in the
subsequent analysis of the experimental data.

3 - RESULTS

The low energy part of the y-spectrum in the decay of 71™MZn obtained with the Ge{Li)
detector is in Figure 1. Typical y-spectra in coincidence with the 386 and (620 + 598) keV photopeaks,
respectively, are also shown in the same figure. The lower right hand side of the figure is the direct
-spectrum obtained with the Nal{T{) detector, where the position of the gate settings are also shown.
The angular correlation curves, for various gamma cascades studied in 77 Ga, are shown in Figure 2, with
the exception of the 386-(596)-512 cascade. The results for this cascade obtained from the 386 keV gate
were slightly affected by the presence of a 511 keV annihilatic:, 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 cascude. The 596-512 keV cascade measurements from the (620 + 596) keV ga‘e are,



however, free from this etfect. The relevant part of the level scheme of 7'Ga, taken from!37} 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 $9Ga decay are shown in Figures 3 and 4.

The results of the directional correlation coefficients A, , obtained from the present study are
summarized in Tables| and II, for 77Ga and 69Ga, respectively. The A,, coefficients have been
corrected for the effects of finitesolid angles of the detectors!€.34). The multipole mixing ratios
S(E2/M1) were obtained by the x* analysis, with the spin sssignments as indicated ir Figure2 and
Figure 4, for each nucleus. In the analysis it was assumed that the 596 keV transition in 71Ga is £2, and
5(573) and 5(872) in 69Ga have values of -0.04 and -0.11, respectively'2'! (see discussion).

Tebie |
Resulits of Directional Correlation Measurements of y-Transitions in 7' Ga.
Gamma Cascade Gating Mixed Multipole
Transition Ay, A Transition Mixing ratio
(keV) {keV) (keV) S(E2/M1)
+03
386-(596)-121 366 0.0311:0.014 0.165 £ 0.025 121 -0.20 24
386-142 386 0.039:0.011 -0.116+0.019 142 0.04 +0.04
386-(620)-487 386 0023+ 0.006 -0.039:0.010 487 0.12 +0.05
386-{596)-512 386 -0.042: 0013 -0.01210.025 512 -0.08 t0.16
386-596 386 -0.052+0.002 -0.022:0.013 386 -0.003 £ 0.014
+08
386-620 386 -0.107+0.006 -0.04310.010 620 13 03
753-386 aes 0.093+0.028 -0.053 % 0.046 753 00 x0.01
+09
386-(142)-964 386 -0.1121 0032 -0.107£0.045 964 0.60 03
386-1107 386 -0.010 £ 0.036 0.056 + 0.061 - -
620-487 620 -0.199:0.007 0.007 £ 0.010 487 -0.04 +0.08
596-512 506 -0.003:0.013  0.006 £ 0.020 612 -0.20 +0.06
Table 1§
Results of Directional Correlation Measurements of y-Transitions in 9Ga,
Gamma Cascade Gating Mixed Multipole
Transition Aza Ay Transition Mixing ratio
(keV) (keV) (keV) S(E2/M1)
£63-318 318 0.015t0.014 -0.016 £ 0.027 - -
787-318 318 -0.001 £ 0.024 -0.070 £ 0.037 - -
1208-318 318 0.003 £ 0.032 0.039  0.051 - -
234-872 872 -0.030 £ 0.009 0.001 £ 0.014 234 02810.04°
- - - - - 0.08 £0.02 b
1052-872 872 0.007+0.023 -0.042 £ 0.040 1052 00 20.10¢
1349-574 1349 0.160 2 0.016 0.053 + 0.083 1349 0.1310.03
587-1336 1336 0.208 £ 0.023 0.07 £0.12 587 -1.1 20,08

a) with the spin 3/2 - for the 872 keV level;
b) with the spin 5/2 — for the 872 keV level,
c) the value is for octopole/quadrupole mixing retio.




4 — DISCUSSION

71Ga nucleus

The spin and parities of a number of levels in 7' Ga are known from the §-decay studies!32.37)
and from 7'Ga (n,n’y) experiments!33) Additional information is also available from the {IHed)
reaction'2?? The ground state spin of 71Ga has been measured as 3/2 and the parity is known to be
negative!1?). velkley et al.!33) determined the spin and parity values for many of the excited states in
71Ga, from the angular distribution of y-rays emitted in the 7'Ga (n,n’y) reaction The suggested spin
and parities for the levels, at 390(1/2°), 487(5/2°), 1107(7/27) and 1494 keV (9/2"), are in agreement
with the fog ft values and 7-ray branching ratios that were observed in the beta-decay of 7'™MZn by
Zolter et al.!37) For the 964 keV level), Zoller et sl. suggested an assignment of 5/2° from their
observation of a weak 575 keV transition from this state to the 390 keV (1/27) state, instead of the
assignment of 7/2” made by Velkley et al.!33}. Most of the above spin assignments are also in general
agreement with the results of {3He,d} reaction!27).

The values of A,, 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, 1o 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 resuits of 386-1107 keV cascade are the combination of two gamma cascades since there
are two y-rays of nearly the 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 possibie to
determine the multipolarity of the 1107 keV transition deexciting the level of this energy from the
measured A, values. However, if the 7/2” assignment for the level is accepted, then the 1107 keV
transition must be £2.

The results of the 753-386 keV cascade were analyzed by assuming two probable spin sequences
7/2-9/12-7/2 and 5/2-9/2-7/2 The x* analysis of the results favor the 7/2 spin for the 2247 keV level.
Assuming positive parity!37) for this level, the 753 keV transition is almost pure M1. The A, values
for the 3B6-620 keV cascade can fit both spin sequences 8/2-7/2-5/2 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 A,, values, for the 386-142 and 386-(142).964 keV cascades, can fit both 5/2 and 7/2 spin
assignments to the D64 keV level. However, according to Zoller et al.{37' the observed 575 keV
transition from this level to the 390 keV (1/27) 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
Ay values for the (1,2} correlations of the 596-512 and 620-487 keV cascade using 5(5986) =0 and

5(620) =1.3. The resuits of the calculation are in good agreement with experimental A, , values for
these cascades.

89Ga nucleus

The spins and parities of the ground state (3/27) and of the first four excited states at
318(1/27), 674(6/27), 872(3/27) and 1106 keV (5/25 3/2") in 89Ga are fairly well established by
various studies. These include §-decay of 69M.0Zn,(25,38) and g*, EC decay of 89Ge,!38), the (n,
n'y) 133), (d,n) (8.23), ang (med d), 1277, reactions studies. Zoller et l.!38) gave an assignment of §/2"
for the 872 keV level. Later, Raman and Couch!25! showed that this leve! is populated in the 622Zn



decay via a f-transition from the 1/2 ground state, and not from the 9,/2" isomeric state, as assumad by
Zoller ot al.!38). The correct assignment is, therefore, 3/27 Zoller et al. assigned spin 3/2” to the
1106 keV level. Later work by Ricato and David!27) and by Couch et a.!8! indicates 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), {33), and (He3,d) {27), reaction work.

The spin assignment of 1/2 to the 318 keV level, in 52Ga, is further confirmed from the resuits
of present work. All the three gamma cascades 5563-318, 787-318 and 1206-318 keV, which depopulste
through the 318 keV level, show nearly isotropic angular correlation characteristic of spin <1, for the
intermediate level.

The -y angular correlation measurements of Khodzhaev!16) lead to different spin assignments
to some levels in 68Ga. As mentioned before, Khodzhaev used a system with two Nal(T%) detector,
where it is difficult to meke 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 y-transition
of 574 and 872 keV are known to have verious values of the multipole mixing ratio § from the previous
studies which include Coulomb excitation in 68Ga (3), radistive capture of protons by 682Zn (21),
(nn'y) reaction'33) in €9Ga, and nuclear resonance fluorescence in 62Ga (21, The values are
0.03 < 5(574) < 0.1 or 1.5< 5(574) < 3.5 (33), 5(574)=-0.04+0.04 or 3.05+0.85 27,
8(574) =0.057 13), | 5(872)| < 0.56 (19, 5(872) =-0.11* 3.9 or -3.05* 532", 5(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 5(574) leads to an £2 enhancement of about 300 Weisskopf units®), in
contradiction with the ratio of the experimental 5(£2){ to the B(£2), , equal to 0.314 13). We have
chosen the 5(574)=~0.04 and 5(872)=—0.11 values'2!) for the 574 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 A, for the 234-872 keV cascade. However, with either sequence the 234 keV transition is
predominantly M1. In a recent study of 82Gala,a’y) 69Ga and 662n (a,py) ®9Ga reactions Ivascu et
#1175} report that they obtain good agreement for the Iifetime, branching ratios and B{£2) and B(M1)
values only for a 5/2° spin assignment for the 1107 keV state. The A,, values of the 1061-872 keV
cascade can fit 3/2, 5/2 as well as 7/2 spin assignments to the 1923 keV Ilsvel. The angular correlation
results of the 587-1336 keV and 1349-574 keV cascades, originating from the same 1923 keV level, were
also analyzed assuming the above spin values. Only the resuits of 587-1338 keV cascade provide o
unique assignment of a 7/2 spin value. The 3/2 spin value gives a farge octopo'e admixture in the
587 keV transition and, hence is rejected, while the 5/2 spin gives a much targer x* for the fitting of the
data compered to the 7/2,

§ - CONCLUSIONS

A number of theorstical approaches have besen developed in the recent years to explain the
prorerties of the low lying levels of odd-4 nuclei in the region 28 < Z < 40. A considerable attentiorn
Fas been given to the intermediate coupling model.

In the case of 82Ga and 77Ga several such calculations have been carried out{2.3.24.31) The
agreement between experiment and theory is reasonable for the energy of the levels. The agreement with
the B(E2) values!3! is, however, only marginal. Isakov!'4), using the shell model concepts in his
calculstions for 71Ga, obtained a somewhat bettsr agreement with the experimental values cf 8(£2)(3),



According to the results given in{16), some of the siates in 59Ga and 71Ga show substantial
collective behaviour and were interpreted in terms of an excited-core model'9). The results of the
present study, however, indicate that several y-transitions in both the nuclei have considerable
magnetic dipole admixtures, and an interpretation in terms of collective model may have a somewrat
limited value. According to the results of Coulomb excitation studies'3!, the B(E2) values for the
ground state transitions from 390, 487, 512 and 1107 keV states in ’1Ga, and 574 and 872 keV
states in 69Ga, are not much different from the single particle estimates, and in most cases much
lower than the average B(£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 cah be made to improve the theoretical calculations.
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RESUMO

Foram medidas corielacbes diuecionais de transidesy, em ' 1Ga e 69Ga, o partir do decaimento de 71™Mzn
e 6969, respectivamente, usendo um espectrdmatro de Gel(Li)-Nal{TQ) Os spins associados sos niveis no MGe o
390(1/27) 48N5/27), 51§(3/2'), 984(5/27), 1102(2/27), 1494(9/2") ¢ 2247 kaV {7/2%), & no 89Ga s 318(1/27),
§74(5/27), 872(3/27). 1106(5/2°, 3/27), 1338(7/27), ¢ 1923 ksV (7/2) confirmem o8 resuitados de estudos
anter:ores destes nucleos. Foram determinedas roxBes de mistura de multipolaridade 8(E2/M1) pars vérias transicBes

em ambos os nicleos, 8 partir dos presentes dados de correlagfo angular. Os resultados slo: 8(1211=0 2:32

8(142) =004 £ 0,04, 5(386)=-0003+0014, 5(487) =0.040.07, 5(512)=-0.14 £0.10, 56200 =1.3* 9,

81753) =000 £ 0.01 ¢ 5(964)=0.6" 03, pera transicies no 7'Ge, e 5(234)=0.28£004 ou 0.0820.02,

5(587) =-11+008.5(1051) =001 0.10 e 5(1349) =0.13 £ 003, pars transic3es no 60Ga.
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