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Excited states of°Ga and®'Ga nuclei were populated through th&C(%8Ni, ap) and *>C(*®Ni,3p) reac-
tions, respectively, and investigated by in-beagmray spectroscopic methods. The NORDBALL array
equipped with a charged particle ball and 11 neutron detectors was used to detect the evaporated particles and
v rays. The level schemes 8%6'Ga were constructed on the basisjof-coincidence relations up to 8.6 and
10 MeV excitation energy, ant™=27/2 and 33/2 spin and parity, respectively. The structure 6f'Ga
nuclei was described in the interacting boson-fermion plus broken pair model, including quasiproton,
quasiproton-two-quasineutron, and three-quasiproton fermion configurations in the boson-fermion basis states.
Most of the states were assigned to quasiparticlehonon and three quasiparticle configurations on the basis
of their electromagnetic decay properti€S0556-28139)02004-X]

PACS numbgs): 23.20.Lv, 21.10.Hw, 21.60.Fw, 27.560e

[. INTRODUCTION tional pair of nucleons was recently develop&d and tested
by describing of the bands of a deformed nuclptis A reall

The Ga nuclei have three protons above Zhe28 shell  challenge for the nuclear models is a description of a
closure. The simplest way to interpret their low-lying statesnucleus, where the collective structures are already devel-
is to couple the odd proton to the collective states of theoped, but they are competing with the single-particle degrees
corresponding even-even cores. Even within such a simplef freedom. Thus, a more stringent test of the model where
approximation the yrast sequence could be described up its strength and possible weak points can be revealed would
spin 9/2°, but the order of the states above the yrast line wade an attempt to interpret both the excitation energies and the
mixed up even in the low-spin regigil]. A more exact transition probabilities in a transitional nucleus. Because of
treatment of the Ga nuclei can be achieved, if the three prothe available experimental and theoretical information on the
tons are handled microscopically taking care for the Paullow-spin states, as well as on their complexity at higher
principle, too, while the neutron excitations can be collectedspins, the Ga nuclei can serve as the test bed for the model.
into a set of phonon states. This kind of description was quite  The low-lying levels of®>¢Ga were already investigated
successful, and the direct treatment of the three quasipartpreviously via single nucleon transfer reacti¢g$ radioac-
cles had visible effects even on the properties of the lowtive decay of®Ge[6] and 8’Ge[7], as well as p,n) reac-
lying stateq2]. By exciting the Ga nuclei to higher energies, tion [8] and other light ion induced reactiofi8]. Informa-
the role of the broken pair states is increasing, and they cation on nuclear properties of higher spin states is available
be yrast even at a relatively low energy, as the phonon erfrom 5Ni(*?C,apy)%Ga, SNi(’Li,2ny)%Ga [10], and
ergy in the Zn core nuclei is relatively high:1 MeV, re-  53Cr(*%0,pny)®’Ga[11], *Fe(*?C,pny)®'Ga[12], as well
sulting in high-energy multiphonon states. At higher energiesas, from %6Ti(?°Mg,3pxny)%56/Ga [13] reactions. The ex-
the break up of the neutron pairs must also be taken intperimental results achieved so far were summarized in recent
account. A model which is able to handle an odd nucleorNuclear Data SheetdDS) compilations for®Ga[14] and
coupled to a general anharmonic vibrator core and an add€’Ga [15]. These measurements led to a fairly well estab-
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lished level scheme up to 4 MeV and spin 15/2-17/2 and the
yrast states have been observed up to the 8613 keV (31/2
level in ®5Ga and the 6590 keV (2712 level in ®'Ga. 10°F

The 2C+ 58Ni reaction was studied in order to clarify the
origin of background lines in an experiment devoted to in-
vestigations of nuclei in the region df°Sn[16]. As a by
product, a substantial amount of new experimental informa- s &|g8
tion on the®%%Ga nuclei was collected, too. The aim of the e
present work is to extend the available information on ex- 0
cited states of*>®'Ga in the region where the broken pair
states dominate the excitation spectrum, and to test the intet . . . . . . .
acting boson-fermion plus a broken pair model by interpret- 300 500 700 900 1100 1300 1500
ing the experimental data. E, (keV)
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FIG. 1. Total projection spectrum dfGa obtained from the
Il. EXPERIMENTAL PROCEDURE AND DATA ANALYSIS lalp gatedyy matrix after subtraction of the contaminating chan-

The experiment was carried out at the Tandem Accelerar-]els'
tor Laboratory of the Niels Bohr Institute in Denmark using
the NORDBALL multidetector array17,18. A 1.5 mg/cn?
thick '°C target evaporated onto a 23 mgfcthick gold
backing was bombarded with a 261 MeV beant®fi. The
detection ofy rays was performed with 15 Compton sup-

pressed Ge detectors having a total photo peak efficiency (#ree protons were used to create thecoincidence matrix.
about 1%. The detectors were placed in three rings at_ anglelsnese particle gated matrices contained alsoyheys of
of 79.1°,100.9, and 142.8 with respect to the beam direc- 62647, and %+6Ga since some of the particles were not de-

tion. In order to help the selection of the nucleus of interest, .4 or que to misinterpretation of particlesg., two pro-

s o s kel o 2 P, Th . Malices were anaiied n et

the neutrons emitted by th€Se compound r?uclé-)us Light sing a standard gating procedure with the aiq qf the

charged particles were detected with a 21-elemkaFﬂ&ype RADWARE software packag¢23]. Cleaned total projection

silicon ball covering about 90% of the total solid anfl®)] spectra from the &1p and the p gated matrices are shown

The avera ffici ; - X o o #n Figs. 1 and 2, respectively. Typical gated spectra are
ge efficiency for the detection and identification oL hown in Figs. 3 and 4

protons anda particles was about 60% and 40%, respec- The most brobable 'multipolarities were assigned to the

:'rvﬂyw-rne f?}“’ﬁ:g I fsﬂc:iani%le V\i/r?tfllc?vrecrje? b}(’ trhe Neiu£ transitions on the basis of a simplifiedy-correlation analy-
on Wall consisting quid scintifiator detectors assISt- 5 e angular distribution ratio

ing in deducing the neutron multiplicity of each evé¢R0].
The discrimination betwees rays and neutrons detected in
the neutron detectors was achieved by combining the pulse
shape discrimination technique based on the zero-crossover
principle and the time-of-flight methof1,22. The total
neutron detection efficiency was about 24%. The detectodeduced from the intensity of a transition detected at°143
setup contained also a-ray calorimeter composed of 30 and at 79 or at the equivalent 10langle relative to the
individual BaF, crystals for totaly-ray multiplicity and sum  beam direction in coincidence with-aray observed at any
energy filtering. Furthermore, the logical OR signal from thedirection is sensitive to the angular momentum transferred
BaF, detectors provided the time reference for all other sigy the y ray. In order to reduce the uncertainty of the mea-
nals.

Two different trigger conditions were combined. The first
of them required at least twe rays to be detected in the Ge
detectors with maximum time difference of 80 ns and at least
one vy ray detected in the BaFcalorimeter. The second trig-
ger condition was fulfilled, if at least one Ge detector and gm“'
one Bak detector fired in coincidence with at least one neu-
tron detected in the liquid scintillators. A total of about 120
million coincidence events were collected and sorted off-line 10°}
into a set ofyy matrices gated by different conditions on the
numbers of the detected charged particles and neutrons. F¢
energy and efficiency calibration of the Ge detectors the . . . . . - .
standard'®Ba and **Eu radioactive sources were used. In 00 50 ey e mw
the off-line analysis gain matching and gain correction pro- !
cedures were applied. FIG. 2. Cleaned total projection spectrum B6a from theyy

Altogether 22 residual nuclei were populated in the ex-matrix obtained by putting a gate on the 8vents.

periment. The yield of thé°Ga and®'Ga nuclei was about
12 and 18%, respectively. For studying tf&a nucleus a
yvy-coincidence matrix was created with the requirement that
one « particle and one proton were detected in coincidence
ith the y rays. In the case of’Ga the events containing
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FIG. 3. Typical yy-coincidence spectra of?C(*®Ni, ap)%°Ga

reaction. FIG. 4. Typicalyy-coincidence spectra of tHéC(*®Ni,3p)%’Ga

reaction.

suredR,ng vValues we have taken the weighted average of
numerous intensity ratios determined by using different co- It was also taken into account for spin-parity assignments
incident y rays as gating transitions. that in a heavy-ion induced fusion-evaporation reaction high-

TheoreticalR,nq values have been calculated previouslyspin states are populated and the decays mainly proceed via
[24] assuming that transitions of pure multipolarity were stretched transitions along the yrast line. Thus, the maximum
emitted from completely aligned initial states. According to possible spin value allowed by the angular distribution ratios
that, Ryng~ 1.5 corresponds to a stretched quadrupole transiand by the coincidence relationships of the transitions was
tion, andR,ng~0.8 to a stretched dipole one. The measured@ssigned to the states. Definite parity was assigned to a state
values are expected to lie between these calculated valudsE2 or M1+E2 multipolarity was determined for one of
and the value of 1 representing the complete attenuation ¢he deexciting transition, while in the case df=1 transi-
the alignment. The dependenceRy,on the gating transi- tions only tentative parities given in parenthesis were as-
tion was found normally to be smaller than the typical un-cribed.
certainties in the peak fittinf25]. Furthermore, the fine ef-
fects of the angular correlation influenced relatively weakly
the R,ng ratio because the gating transition was chosen from
any of the detectors, and thus both the angle between the two Tables I and Il include the energies, relative intensities,
detectors and the angle of the detector relative to the beasnd angular distribution ratios of tH&Ga and®'Ga y tran-
direction were integrated over a wide range. In the case dditions, respectively, together with the deduced spins of the
mixed transitions, theR,,q varies in the range of 0.3-1.8 initial and final states. They-ray energies and intensities
depending on the spin difference between the initial and finalvere determined from thgy-coincidence matrices. The sys-
states and on the mixing rati® of the transition[24]. This  tematic errors due to the energy and efficiency calibration
kind of ambiguity could only be resolved, if a full angular was estimated to be 0.3 keV and~7%, respectively.
correlation analysis would have been performed on a higher On the basis of the measured angular distribution ratios,
statistics data set. During the multipolarity assignments onlynost of they rays could be arranged into two groups. The
E1l, M1, mixedM1+E2, andE2 transitions were consid- first group includedy rays havingR,,;<0.8 within 1o un-
ered. In spite of the fact that the unambiguous determinatiogertainty. The 191 keV transition dPGa, depopulating the
of the multipolarities of the transitions was not possible, thel91 keV state, was also put into this group in spite of having
states were quite often populated or depopulated via differerRag=0.85+ 0.03 that can be cosidered to be 0.8 only within
decay paths, which enabled us to assign unique spin to mo8v uncertainty. Thesey rays were assigned to hkl=1
of the states. transitions(stretched dipole oM 1+ E2 mixed onep Tran-

Ill. RESULTS
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TABLE I. Energies, intensities, and angular distribution ratiosyofays from the?C(*®Ni, apy)%°Ga

reaction.

E, (keV) 1,(%) R ratio E; (keV) IT—I1f
190.53) 100.487) 0.853) 191 5/2 —3/2"
216.43) 1.502) 0.8009) 4546 19/2 —17/2¢
277.14) 0.31) 3064 13/2 —13/2°
310.33) 6.0(5) 1.307) 4432 1712 —17/2+
349.93) 0.6(1) 0.7314) 6293 23/2-21/2
390.34) 0.31) 0.77(40) 4122 17/2 —15/2+
419.03) 0.41) 1.21(23) 5916 21/ —21/2°
420.23) 2.1(2) 0.8514) 4330 17/2F —15/%%)
421.54) 0.2(1) 6136 21/2-19/2,21/2
423.83) 1.42) 0.81(12) 4546 19/2 —17/2+
521.94) 0.2(1) 6815 25/2 —23/2
544.24) 0.41) 1353 (7/2)—(5/27)
558.64) 0.4(1) 3732 15/2 —11/2% 13/2"
579.55) 0.1(1) 6293 23/2-19/2,21/2
594.24) 0.41) 0.7934) 4330 17/2" —15/%7)
597.83) 2.502) 1.1317) 4330 17/2 —15/2*
616.53) 2.93) 0.71(8) 4739 19/21) 5 17/2¢
667.53) 4.003) 0.7009) 3732 15/2 —13/2*
670.13) 1.502) 0.5615) 6136 21/2-19/2
684.64) 0.8(1) 2037 9/2 —(7127)
700.63) 1.2(1) 0.4315) 4432 17/2 —15/2+
727.13) 2.1(2) 1.4410) 5466 19/219/%4*)
750.63) 53.646) 1.284) 2037 9/2 —9/2”
775.53) 1.001) 2813 11/2H)—9/2t
796.93) 5.2(5) 0.718) 6293 23/2-21/2"
808.714) 0.41) 809 (5/2)—3/2"
814.23) 15.314) 1.344) 4546 19/2 —15/2+
827.83) 10.69) 1.354) 6293 23/2-19/2
833.64) 0.31) 5466 19/2-17/2°
845.34) 0.7(2) 3910 15/44) - 13/2°
884.43) 9.2(8) 0.705) 1075 712 —5/2"
899.13) 5.0(5) 1.287) 6815 25/2 —21/2*
919.43) 3.33) 3732 15/2F —11/%*)
919.54) 0.4(1) 5466 19/2-19/2°
944.13) 20.017) 0.81(3) 3732 15/2 —13/2°
962.13) 11.310) 0.71(10) 2037 9/2 =7/2"
1026.93) 60.052) 1.31(4) 3064 13/Z —9/2*
1033.23) 6.0(5) 0.745) 5466 19/2-17/2°
1057.73) 38.1(33) 1.364) 4122 17/2 —13/2+
1063.13) 1.602) 5496 21/Z —17/2°
1067.73) 8.8(7) 1.4315) 7361 27/2-23/2
1075.23) 8.0(8) 1.349) 1075 712 —3/2”
1096.33) 88.977) 1.303) 1287 9/2 —5/2”
1097.23) 4.6(4) 3910 15/2%) 5 11/4+)
1121.84) 0.7(2) 3910 15/44) - 13/2°
1125.23) 1.0(1) 7940 —25/2°
1135.34) 1.202) 3173 11/2 13/27 —9/2*
1136.03) 1.7(2) 0.6517) 5466 19/2-17/2
1162.64) 0.6(1) 1353 (712)—5/2
1166.83) 2.903) 1.4527) 5496 21/Z —17/2°
1242.43) 1.1(1) 8603 —27/2
1265.53) 5.7(5) 4330 17/2 —13/2+
1268.64) 0.6(1) 3736 15/X7) - 11/%4)
1283.54) 0.41) 5916 21/ —17/2°
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TABLE I. (Continued.

E, (keV) 1,(%) R ratio E; (keV) IT—I1f
1318.13) 3.03) 6815 25/F —21/2°
1343.83) 5.7(5) 0.736) 5466 19/2-17/2"
1352.94) 3.1(9) 1353 (712)—=3I2"
1368.23) 2.83) 4432 1712 —13/2F
1374.53) 6.96) 1.368) 5496 2117 —17/2
1391.73) 1.82) 2467 11X = 7/2°
1397.43) 4.95) 0.7310) 5943 21/2-19/2"
1483.4q4) 0.6(1) 5916 2117 - 1712
1501.43) 19.917) 1.335) 2788 13/2 —9/2”
1526.23) 8.2(7) 0.737) 2813 1124 —9/2”
1567.713) 1.31) 4632 1712 —13/2F
1591.84) 1.01) 5714 19/2,21/2-17/2¢
1784.64) 0.51) 6523 —19/X")
1793.63) 3.43) 1.2912) 5916 21/1Z - 1712
1847.@3) 1.52) 2037 9/2 —5/2~

sitions in the other group haw,,;=1.32 within 1o uncer-  been assigned t6°Ga and placed in the level scheme using
tainty in %°Ga (calculated as the weighted average of meathe yy-coincidence relationships. Energy and intensity bal-
suredR,ngvalues of knowmi | =2 transitions of 1027, 1058, ances have also been taken into account to confirm the place-
1075, 1096, and 1501 keV decaying from the 3064, 4122ment of transitions in the level scheme. However, the 2467
1075, 1287, and 2788 keV stateand 1.47 in®’Ga (calcu-  and 3173 keV levels are ambiguous due to the uncertain

lated as the weighted average of kno&@ transitions of  order of the 1392 and 1269 keV, and the 1135 and 559 keV
712, 824, 888, 958, 1160, 1167, 1202, 1636 keV depopulairansitions.

ing the 4290, 3855, 6379, 3031, 1519, 4198, 1202, and 5491 Qur level scheme is basically consistent with the previous
keV levels. (The lowerR,,g value for Ga is connected 0 regylts obtained from heavy-ion induced reactions by
lower alignment of the states in this nucleus which can bg¢,vakamiet al. [10] and Zhuet al.[13], except for somey

explained by the larger angular momentum transferred by thg, qiions which were replaced or removed on the basis of

evaporatedx particle) These transitions were assigned to our coincidence measurement. The most significant devia-
have stretched quadrupole character except for those casg

when this assumption led to contradiction. In these cases thﬁ
overlapping Al=0 dipole multipolarity was assigned to
them.

In the case of th&°Ga, the 670, 701, and 884 key'rays,
decaying from the 6136, 4432, and 1075 keV levels, hav
Rang Over 1.5r less than 0.8, thus they were assigned to bq
Al=1 mixed multipolarity transitions. For the 390 key
ray from the 4122 keV state and the 594 keV transition from

the 433.0 Al stoate, which hawe~0.8 but with too high established from proton transfer reactions and radioactive de-
uncertainty 20%), we could exclude th&l =2 stretched cay study of%5Ga. The previously deduced spin-parity val-

quadrupole possibility. We could not deduce multipolarity
for the 419, 598, 727, and 1167 key}rays, decaying from ug/z)cif’ ttr;:z ;gg,?kEZVSg? ,tr:ﬁelg77858kkee\</7(/12é/t2r;? tﬁiS;olgiV
the 5916, 4330’. 54_66’ and 5496 keV levels, because of t eV (13/2"), and the 4122 keV17/2) excited statef14] are
large uncertainties ”7] theR_ang valu.e.s. strengthened by our angular distribution ratios. Unambigu-
. In the case of thé’Ga, six transitions could not be placed ous spin values could be deduced for the above states, there-
into one of the above two groups. Three of them, the 546¢, o \ye have adopted these values without parenthesis. In
843, 1387 keVy rays, depopulating the 3577, 1202, and 5qjition, the parity of the 1075 and 4122 keV states has been
5677 keV states, havBayg over 1.5 less than 0.8. They qqigned to be negative and positive, respectively, because of
were assumed to bAl=1M1+E2 transitions. Although, o g2 multipolarity assigned to the 1075 and 1058 kgV
the 925, 1364, and 1714 key rays, decaying from the ,vq gecaying from them to 372and 13/2 states, respec-
4780, 6589, and 2073 keV levels, hakg,=1.5, as their  yely Using these spin-parity values we assigned spins and
uncertainties are too high=20%) we did not deduce mul- rities to the other states considering the deduced multipo-
tipolarity for them. larities of the transitions and decay properties of the levels.
The group of 2467, 3736, 3910, 4330, 4632, 5496, 5916,
and 6815 keV state§he strong 899-1794 key-ray cas-
The proposed level scheme 8fGa obtained from the cade decays through the 5916 keV state from the 6815 keV
12C(%8Ni, apy) reaction is shown in Fig. 5. Al rays have level leading to the 4122 keV 17/2state. The angular dis-

94 keVy ray has been placed below the 899-1125 keV
cascade and the order of the 1068 and 828 kekays has
been changed because of the newly obtained decay branches
from the 5916, 6815, and 6293 keV levels. The 900, 1096,
nd 1392 keV transitions of Banerjes al. [9] were also
eplaced. In addition, several new levels and transitions have
been placed in the level scheme.

The 3/2 spin and parity of the ground state was already

A. Level scheme of®°Ga
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TABLE II. Energies, intensities, and angular distribution ratiosyofays from the*C(*Ni,3py)%'Ga

reaction.

E, (keV) 1,(%) R ratio E; (keV) IT—I1f
139.75) 0.21) 5225 21/27 —19/%7)
168.84) 0.2(1) 3031 13/ —11/2*
278.44) 0.5(1) 3855 17/2 —15/2"
304.24) 0.2(1) 5491 21/2 —21/2*
324.03) 0.81) 4179 —17/2¢
328.44) 0.1(1) 3190 112 —11/2+
335.47) 0.21) 5085 19/27)17/2°
342.53) 7.57) 1.4612) 4198 1712 —17/2+
349.14) 0.31) 5574 —21/2
358.93) 80.4(65) 0.773) 359 517 312"
387.13) 1.31) 1.50121) 3577 15/2 —11/2+
417.43) 1.52) 0.7610) 3577 15/2 —13/2°
434.34) 0.5(1) 4290 19/2 —17/2*
441.%4) 0.31) 6185 (23/27)—21/27)
469.95) 0.2(1) 4750 17/2 —13/2° ,15/2"
475.23) 0.8(1) 1.4922) 5225 21/2 1712
493.43) 1.602) 1.4914) 4349 17/2 —»17/2¢
501.44) 0.22) 1412 712 —5/2"
519.33) 1.7(2) 1.4812) 5744 21X 5 21/2
526.04) 0.4(1) 5751 —21/2°
546.13) 38.734) 0.624) 3577 15/2 —13/2+
554.43) 44.438) 1.457) 2073 9/2 —9/2”
595.44) 0.4(1) 3627 —13/2°
646.14) 0.21) 5396 (19/2)—17/2
659.34) 0.41) 5744 21/47)—19/%7)
660.47) 0.1(1) 2073 9/ 712
705.34) 0.4(1) 4995 21/2 ,23/2* —19/2*
712.43) 31.827) 1.448) 4290 19/2 —15/2*
715.43) 2.6(3) 1.4717) 3577 15/2 —11/2*
789.93) 1.001) 1.4616) 6185 (23/2)—(19/27)
824.03) 41.336) 1.46(10) 3855 17/2 —13/2*
842.93) 15.814) 0.606) 1202 712 —5/2"
871.33) 63.555) 0.773) 2073 9/2 712
888.43) 19.017) 1.4610) 6379 25/ —21/2°
896.44) 0.4(1) 5186 21/ —19/2*
910.94) 0.2(1) 911 5/ —3/2”
924.64) 0.6(1) 1.5363) 4780 —17/2
935.43) 17.315) 0.765) 5225 21/2 —19/2*
958.013) 100.086) 1.457) 3031 13/2 —9/2*
997.43) 5.8(5) 1.5012) 8616 33/ —29/2¢
1022.54) 0.81) 3884 —11/2°
1053.24) 1.01) 1412 712 —5/2"
1086.56) 0.3(1) 7958 (27/27)—23/%7)
1100.G4) 0.41) 6185 (23/27)—19/%)
1116.93) 1.1(1) 3190 11/Z —9/2*
1126.05) 0.4(1) 6870 23/47)—21/%7)
1141.73) 2.52) 1.4820) 5491 21/Z —17/2°
1159.83) 61.353) 1.484) 1519 9/ —5/2~
1166.93) 8.37) 1.5012) 4198 17/2 —13/2+
1172.64) 0.81) 7552 —25/2°
1183.97) 0.62) 2596 =712
1193.G4) 0.6(1) 6379 25/ —21/2¢
1202.G3) 51.7(46) 1.457) 1202 712 —3/2°
1219.G4) 0.6(1) 5417 —17/2¢
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TABLE II. (Continued.

E, (keV) 1,(%) R ratio E; (keV) 1T
1222.64) 0.7(1) 7602 —25/2"
1230.G3) 2.43) 0.71(15 5085 19/47)—17/2"
1239.83) 6.7(6) 1.4915) 7619 29/2 —25/2"
1292.713) 9.48) 1.5214) 5491 21/2 —17/2"
1317.13) 3.1(3) 1.51(18) 4349 17/2 —13/2*
1330.93) 1.3(1) 1.4822) 5186 21/7 —17/2
1343.43) 5.3(5) 0.699) 2862 11/2 —9/2~
1363.84) 0.91) 1.47(48) 6589 (25/2)—21/2
1368.84) 0.6(1) 7958 (27/12)—(25/27)
1383.25) 0.2(1) 6379 25/2 —21/27 23/2"
1387.24) 0.6(1) 0.51(20) 5677 21/2 —19/2"
1412.27) 0.2(1) 1412 717 3127
1451.34) 1.92) 1.5224) 2653 112 —7/2°
1467.66) 0.4(1) 10084 —33/2°
1540.14) 0.6(1) 5396 (19/2)—17/2"
1589.93) 1.7(2) 1.4614) 4750 17/2 —13/2°
1627.24) 0.9 4280 13/2 ,15/2° —11/2
1635.83) 6.305) 1.5012) 5491 21/2 —17/2"
1641.33) 4.44) 1.4721) 3160 13/2 —9/2”
1645.44) 1.1(1) 0.8512) 6870 23/27) 5 21/27
1714.43) 2.33) 1.51(36) 2073 9/2 —5/2~

tribution ratios measured for the 1794 and 899 keV transiboth states was tentatively assigned as negative on the basis
tions give E2 multipolarities; thus we assigned 21/and  of analogy with®’Ga.
25/2" spin-parity values to the 5916 and 6815 keV states, The 3910 keV state is connected to the 2813 keV 11/2
respectively. Another decay branch formed by the 1318-state via the 1097 ke\y ray and populated from the 4330
1375 keVy cascade leads also to the 4122 keV 17&ate  keV 17/2" state by the 420 keV transition. The angular dis-
via the 5496 keV state from the 6815 keV level. As the 1375ribution ratio of the latter transition gav&l =1 character,
keV y ray hasE2 multipolarity, we assigned 21f2spin  thus 15/2 spin is assigned to the 3910 keV state. Since the
parity to the 5496 keV state also. This assignment is in acAl>2 transitions are excluded, it is highly probable that the
cordance with the possiblel =0 character of the 419 keV 1097 keV transition haB2 multipolarity leading to tentative
transition decaying from the 5916 keV 21/Xtate to the positive parity for the 3910 keV state.
5496 keV state. The 2813, 3173, 3732, and 4432 keV stafBise 5916
The 4330 keV state decays to the 3064 keV 13#&ate keV 21/2" and the 3064 keV 13/2 states are connected
via the 1266 keVy ray and it is fed from the 5496 keV through a cascade of rays with the 4432 keV state being in
21/2" state by the 1167 keV transition. As the spin gap isthe middle position. The connecting transitions are expected
Al=4 along the cascadé=17/2 spin is proposed for the to have E2 multipolarities resulting in 17/2 spin-parity
4330 keV state instead of th@5/2) spin proposed previ- value for the 4432 keV state. The proposed IT#alue is in
ously[14]. Similarly, the 4632 keV state decays to the 3064contradiction with the(21/2) value accepted by ND§14],
keV 13/2" state and is fed from the 5916 keV 21/8tate. but it is in accordance with the excitation function measure-
Because of tha| =4 spin gap) =17/2 spin can be assigned ment of Kawakamiet al. giving 1=17/2 spin for this state
to the middle lying 4632 keV state, if we excludd >2  [10].
multipolarity transitions. As the cascade BF2 transitions The 3732 keV state is populated from the 4432 keV
can be excluded by lifetime considerations, positive parityl7/2" state via the 701 ke\Al=1 transition havingM 1
was assigned to the 4330 and 4632 keV states. +E2 multipolarity, thus 15/2 spin parity was assigned to
The 3736 keV state decays to the 1075 keV 7Rate the 3732 keV state. This assignment is in agreement with the
through the 2467 keV state via the 1269-1392 kg¥as- Al=1 characteristics of the 668 and 944 keV transitions
cade, and it is fed by the 594 keYray from the 4330 keV decaying from the 3732 keV state to spin 13/2 levels.
17/2" state. As theR,n value of the 594 keV transition The 3732 keV 15/2 state decays to the 3173 keV state,
allows for 0 or 1 spin changé=15/2,17/2 spin is allowed which feeds the 2037 keV 9/2state. As the spin gap is
for the 3736 keV state. The latter value can be excludedAl=3 andAl>2 multipolarity transitions are excludedl,
since, assuming onhAl<2 multipolarity transitions, the =11/2" or 13/2" spin-parity values are allowed for the 3173
1269-1392 keVy-ray cascade can bridge oniyAd =4 spin  keV state.
gap to its 7/2 final state; thus we accepted the 15/2 The 2813 keV state decays to the 1287 keV 9&ate
value. This assignment resulted in spin 11/2 for the 246through the 1526 keV transition havingl =1 characteris-
keV state lying in the middle of the cascade. The parity oftics resulting in 11/2 spin for the initial state in agreement
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FIG. 5. Proposed level scheme $Ga.

with the (11/2) value of the NDY14]. As the 919 keV tran- keV 19/2 state. It is also strengthened by fe= 1 nature of
sition, feeding the 2813 keV 11/2 state from the 3732 keVthe 797 keV transition decaying from it to the 5496 keV
15/2" one, is expected to hay&2 multipolarity because of 21/2° state. The 5943 keV state is connected to the 4546
the Al =2 spin change, tentative positive parity was assighedeV 19/2" state and to the 6293 keV 23/2 state. Both tran-
to the 2813 keV state. sitions haveAl=1 multipolarity, thus 21/2 spin was as-
The 4546 keV stateThe 4546 keV state decays to the signed to this state. The 5714 keV state is established by the
3732 keV 15/Z state via the 814 keW ray havingE2 1592 keVy ray decaying to the 4122 keV 17/2tate and by
multipolarity, and feeds 17/2 states through the 216 and the 422 and 580 ke rays decaying from the 6136 keV
424 keV transitions having\l =1 nature. On this basis 21/2 and 6293 keV 23/2 states, respectively. These decay
19/2" spin parity was assigned to this state. properties allow =19/2,21/2 spin f_or the 5714_ keV state.
The 4739, 5466, and 6136 keV group of stafescording The 7361 keV statd =27/2 spin was assigned to the

7361 keV state according to ti2 multipolarity of the 1068
to the measureRyygvalues, the 1033, 1136, and 1344 kgV keV transition connecting it with the 6293 keV 23/2 state.

rays decaying from the 5466 keV state to 17/2 states have the ;
Al=1 nature, thud =19/2 spin was assigned to the 5466 The 809 and t_he 13.53 keV statatfe have tentatively
o : assigned (7/2) spin-parity value to the 1353 keV state and
keV state contradicting the previous value of (25/413]. h . e -
: : ; i, ; 5/27) spin and parity instead of 1723/2™ [14] to the 809
The parity of this state is probably positive, because it decay ; . -
eV state, because their decay properties are similar to those

mainly to positive parity states. The 5466 keV state decays f the 1412 and 911 keV states BiGa.

via another branch to the 4739 keV state through the 727
keV v ray, which may havé\l =0 character according to its p
Rang Value. The 4739 keV state feeds the 4122 keV 17/2 B. Level scheme of*'Ga

state via the 617 ke ray having stretched dipole nature.  The proposed level scheme of’Ga from the
Thus, 1 =19/Z*) spin and parity was assigned to the 4739 *2C(°*Ni,3py) reaction is shown in Fig. 6. Ally rays have
keV state. The 6136 keV state is established by the 670 keYeen placed in the level scheme on the basis of the
y ray decaying to the 5466 keV 19/2 state. g value of  yy-coincidence measurement. Some low-energyrays

this transition giveAl =1M 1+ E2 multipolarity, thus spin (324, 349, 526, and 595 keMdrawn with dashed lines in the

21/2 was assigned to its initial state. level scheme, have been observed in coincidence with lower-
The 5714, 5943, and 6293 keV states 23/2 spin was lying transitions of’Ga. However, their coincidence data
assigned to the 6293 keV state on the basis offBemul-  were too modest to exclude unambiguously higher engrgy

tipolarity of the 828 keVy ray decaying from it to the 5466 rays below these transitions.
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FIG. 6. Proposed level scheme Ga.

Our level scheme is consistent with the previous resultkeV 21/2" state by the 1142 keVy ray. According to the
obtained from heavy-ion induced reactions by Zobehl. R, ratios, stretched quadrupol&) =1 mixedM1+E2 or
[12] and Zhuet al. [13], but our coincidence measurement A| =0 dipole multipolarity was determined for all the three
enabled us to establish several new levels above 3.8 MeWansitions. As the 1142-1318 keray cascade connect a
excitation energy. 21/2" state with a 13/2 state A\l=4), both transitions

Beside the 3/2 ground state, spins, and parities of the myst have stretched quadrupolee., E2) multipolarity.

359 keV 5/, 1202 keV 7/2, 1519 keV 9/2, 2073 keV Thus, the 4349 keV state has 17/pin-parity and the 493
9/2", 2862 keV 11/2, 3031 keV 13/2, 3190 keV 11/2, eV transition is aAl =0 dipole one in agreement with its

3577 keV 15/2, 3855 keV 17/2, 4198 keV (17/2), 4290 R, value.

keV 19/2°, 5491 keV (21/2), 6379 keV (25/2) excited The 4995 keV stateThis state is in the middle of the
states have already been knoytb]. Our angular distribu-  1383-705 keVy-ray cascade connecting the 6379 keV
tion ratios strengthen these spin-parity assignments, even B5/2+ state to the 4290 keV 19f2state. Both transitions
the uncertain cases, thus, the above values were acceptg@re too weak to get results for their multipolarities. As the
without parentheses. Using the above assignments, we dgpin gap between the initial and final states of the cascade is
duced the spin-parity values for the other states, too, on thg| =3, excludingA1>2 transitions, 21/2 or 23/2" spin-
basis of the angular distribution ratios and the decay propeiarity values are allowed for the intermediate 4995 keV
ties of the levels. The 911 and 1412 keV states have beegate.
excited very weakly in our experiment, their spin-parity val-  The 5186 keV statdhis state is established by the 1331
ues shown in Fig. 6 are adopted values. The spin-parity agey/ y ray populating the 3855 keV 17/2state, and the
signments,. which are new, or differing from the previous{193 and 304 ke rays decaying from the 6379 keV 25/2
ones are discussed below. and 5491 keV 21/2 state, respectively. Al =3 multipo-
larity transitions have been excluded, the 1331 and 1193 keV
v rays must be quadrupole transitions to bridge Me=4

The 4349 keV stateThis state decays via the 493 and spin gap. This is in accordance with the measuRgg, ratio
1318 keVy rays to the 3855 keV 17/2and to the 3031 keV of the 1331 keVy ray. Thus, 21/2 spin-parity value was
13/2" states, respectively. In addition, it is fed from the 5491assigned to the 5186 keV state.

1. Positive parity states
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The 5677 keV stateThis state was established by the negative parity, if it is a dipoléthat isE1) transition.
presence of the 1387 ke¥y ray on top of the 4290 keV The 2653 keV state, decaying by the 1451 keV transition
19/2" state in accordance with Zhet al. [13]. 21/2" spin-  to the 1202 keV 7/2 state, has already been proposed pre-
parity was assigned to it on the basis of the deduséd V|ou§Iy [11]. The newly found 4280 keV state is connected
—1M1+E2 multipolarity. to this state and to the 4750 keV 17/Bne via the 1627 and

The 7619 and 8616 keV statEhe 7619 keV state was 70 K€V rays, respectively. As the 470-1627-1451 keV

: de connects a 17/2tate to the 1202 keV 772
reported previously by Zobedt al. [12] to decay by a 1240 ray casca .
" state AI=5), none of the three transitions can bdb=0
keV y ray to the 6379 keV 25/2 state. An additional ray .dipole@trans)ition. Thus, the 1451 key ray has to be a
of 997 ke_\/ was put on the top of 7.619 keV state on the baSI%tretched quadrupole transition in agreement withRLg
of our coincidence relations, leading to the 8616 keV state_ ; 52(24) value, leading to 1172spin-parity value for tﬁe

From the measure®,y,q ratio, stretched quadrupole nature 2653 keV state. The 4280 keV state then must have18r2
was assigned to botly rays, suggesting 29/2and 33/2 15/2" spin-parity

spin-parity values for the 7619 and 8616 keV states, respec- The 5085. 5396 5744. and 6185 keV stafidse Al =1

tively. nature of the 1230 ke ray, decaying from the 5085 keV
state to the 3855 keV 17/2one, allows forl =19/2 spin
2. Negative parity states value for its initial state. This assignment is in accordance
The 2653. 3160. 4280. 4750 and 5225 keV stafés with the fact that the 5085 keV state is fed from the 5225
3160 keV state, decaying via the 1641 ke\ay to the 1519 kev 21/ Z state by a 140 keVy ray, .Wh'ch Is expected to
keV 9/2° state, has already been proposed previousl;pave. a dlpple charac;er on .the basis of its low energy, and
[11,12. In the NDS compilatior{15], from the 3160 keV relatrl]vely h'?(h branching rat|o._ h K h
state two additional rays decaying to the 372ground and The 519 keVy ray, connecting the 5744 keV state to the

to a 1081 keV 1/2 states have been reported. These latteP22° K€V 21/2 state has either stretched quadrupole or

two transitions were obtained only from the radioactive de A =0 dipole. c_:haracter, resulting ih=21/2 or 25/_2._spin
cay of 6Ge [7], while the 1641 keVy ray was not seen in value for the initial 5744 keV state. The latter possibility can

itiofp€ excluded taking into account the existence of the 659 keV
in our coincidence spectra when putting a gate on the 159Hansition leading from the 5744 keV state to the 5085 keV

and 417 keVy rays, feeding the 3160 keV state. Thus, it cani9/2”) state. Thus, the 21/2 spin value can be assigned to

be concluded that the 3160 keV state is a doublet: one of thif1® 5744 keV.state. .
levels is a low-spin state, excited only in the decay experi- On the basis of the decay properties of the 5396 and 6185
ment, and may have 172or 3/2~ spin-parity value. The keV states and the stretched quadrupole character of the 790

other one, which has been seen from the heavy-ion inducefY ¥ ray between them, we tentatively propde®/2) and

reactions, is a state of 13/Xpin and parity according to the 2312 Sﬁin values fgr tlhem, respedctively. . itv for th
stretched quadrupole nature of the 1641 keV transition, as_ V€ have tentatively proposed negative parity for the
well as theAl =1 character of the 417 key ray, leading above group of states as they have more connections to nega-
from the 3577 keV 15/2 state to the 3160 keV state. tive parity states than to positive parity ones. .
The 4750 keV state is established by the above-mentioned The 6589 keV statdt has already been reported previ-

. ly by Zobelet al.[12] that this state is connected via the
1590 keVy ray, populating the 3160 keV state, and by the0US
- : stretched quadrupole 1364 key'ray to the 5225 keV state.
475 keV'y ray decaying from the previously known 5-225 @s the spin-parity value of the 5225 keV final state has been

; hanged to 21/2, 1=(25/2") spin and parity is proposed
935 keV y-ray decaying to the 4290 keV 19/2state, has ¢ ; X
already been observed earlier. (28)2spin and parity has for tf;]e 2‘28% Il<<eV state, r']nStegd OII the prev;ous (?/ 228'0
been assigned to the 5225 keV state by Zaall. [12] on The 6870 keV statdhe 1645 keVy ray from the 687

the basis of the angular distribution analysis of the 935 ke\%i\;;{gte t_o the 5225 keV 51:20?]8 EZSAOI ; 1 nature, thus .
v ray. As this transition was contaminated by the 935 keV! = spin was suggested for the 6870 keV state. Tentative

%Ga line they applied some correction on the angular distri€gative parity was p'ropose'd for this state, since it is con-
ected to other negative parity ones.

bution coefficients. Our angular distribution analysis based'
Ut Ic! ur anguiar distribut yst The 7958 keV statdt decays to the 6589 keV (2572

on a particle gated two-dimensional matrix was free from the ) :
contamination and gave ttR,,g=0.76(5) ratio, resulting in and to the 6870 keV 23/2) states via the 1369 and the 1087

the Al =1 assignment for the 935 key ray. Thus, we pro- keV vy rays, respectively. Assuming that there is Ab>2

pose 21/2 spin value for the 5225 keV state. This assignmefpUltipolarity transition in the level schemie=(27/27) spin-

is also supported by the fact that stretched quadrupole muP@ity value is proposed for it.

tipolarity has been obtained for both members of the 475— 1€ 2596, 3884, 4780, 5417, 7552, and 7602 keV states
1590 keVy-ray cascade connecting the 5225 keV state withEach of them was established by operay only. In the

the 3160 keV 13/2 sate. The existence of such a cascadeéiPsence of_meas_ured angular distribution ratio, we were not
excludes the 23/2 spin for the 5225 keV state, and results iAP!€ 10 @ssign spin-parity values to these states.

17/2" spin and parity assignment for the intermediate 4750 V. INTERACTING BOSON-FERMION PLUS BROKEN

keV state. The parities of both states are negative, if we PAIR MODEL (IBFBPM)

assume that the quadrupole transitions arE2fmultipolar-
ity. The positive linear polarization value measured for the The interacting boson modélBM) [26,27, the interact-
935 keV transition by Zobegt al. previously, also supports ing boson-fermion modellBFM) [28—3Q and the interact-
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ing boson-fermion fermion modé¢IBFFM) [31,32 provide V. CALCULATION FOR %Ga IN IBFBPM
a useful framework for the description of nuclear structure in . . . .
even-even, odd-even, and odd-odd nuclei, respectively. Th As a contmuanon of our stgdy of the Series Of nuclei in
IBM framework for even-even nuclei was further extended® A~70 rtgsggc;n[38—45: in this paper we investigate the
by including broken pairs in addition to the interactingnd ~ Structure of>>*Ga nuclei. Teqe core parameters adjusted to
d bosong 33—36. Analogously, the IBEM for odd-even nu- the low-lying levels of the3Zns, even-even nucleush;

clei has been extended by adding one broken[@a#. This  =0.8,h,=—0.2,h3=0, hyp=0.1,h4=—0.15,h,,=0.3(all
model will be referred to as interacting boson-fermion plush; parameters in MeYand the total boson numbé&t=4,
broken pair mode{IBFBPM). The IBFBPM and its counter- corresponding to the number of valence-nucleon pairs, were
part for even-even nuclei are used in descriptions of highpreviously used in the IBFM calculation for low-lying states
spin states. The IBFBPM configuration space of an odd-eveof %5GafZn and in the IBFFM calculation fof%Ga [39].

nucleus with N+ 1 valence nucleons comprises This parametrization corresponds to a transition between the
SU(5) and Q6) dynamical symmetries, being closer to the
[N bosonsx 1 fermion) SU(5) (vibrationa) limit.
As pointed out in Ref[38], spectroscopic data for odd-
+|[(N=1) boson1 broken pai®1 fermior). even Ga isotopes cannot be accounted for using proton qua-

(4.2 siparticle energies and occupation probabilities from stan-
dard Kisslinger-Sorensef46] and Reehal-Sorensef#7]

In this way, both the one- and three-quasiparticle stateparametrizations. The most appropriate is the parametriza-
coupled to the boson core are included and mixing betweetion [38] close to the values obtained from a fit to experi-
them is accounted for. The IBFBPM Hamiltonian includesmental data in Ref.48]. Therefore, we have taken the ener-
four terms: the interacting boson mod&M) Hamiltonian gies and occupation probabilities of proton quasiparticles
[26], the boson-fermion interactions of the interacting bosonvery close to those from Ref38]: E(mps,) =0.91 MeV,
ferm|on m.odeI.(IBFM).[ZS], the fgrm|on Ham|ltpn|an and a E(mpy)=1.61 MeV, E(nTs)=1.63 MeV, E(7Jey)
pair-breaking interaction that mixes one-fermion and three- 9, ~ 5, ~ 2, =
fermion states. The definition of parameters in the IBM and~ 4-1° MeV, v (P32 =0.60, v (7pyy) =0.08, v*(7f5p)

IBFM terms in this article is taken according to RE87], ~ =0.05,0%(mgg;) =0.01. These values can be obtained from
and in the fermion and pair-breaking terms according to RefBCS calculations starting from Reehal-Sorengér] single-
[3]. particle energies with additional shift$s, and gq,, being

In the IBFBPM calculation for®Ga we account for ~shifted 0.6 and 0.9 MeV up angd;,; 0.6 MeV down. The
broken neutron and proton pairs, i.e., one-quasiproton, oneesulting E(7fs,) and E(7py) quasiparticle energies are

quasiproton-two-quasineutron, and three-quasiproton statg§yered by 0.42 and 0.05 MeV, respectively, difrgo,,)
are included in the basis stat¢d.1). We note that the g increased by 0.34 MeV.

IBFBPM calculations with broken neutron and proton pairs  The quasiparticle energies and occupation probabilities
have to be done separately, due to the prohibitively larggor neutrons have been calculated using single-particle ener-

Therefore, mixing between broken neutron and proton pair 65 . L ~
is not accounted for. The IBFBPM Hamiltonian is diagonal-§ind Ge [43]. The resulting quailpamcle ener@(vfg,,z-)
ized in the basig4.1): was lowered by 0.14 MeV anB(vgg,,) by 0.8 MeV (as in

7Ge [45]). Therefore, for %*Ga we use:E(vfs,)=1.20
MeV, E(vps)=1.45 MeV, E(vpy)=2.37 MeV,

|'k>_jnd2uR Singr [TINGRIT) E(v0) =2.47 MeV, v3(1F5p)=0.41, v¥(1Ps)=0.71,
v2(vP1jp) =0.08,02(vgg) = 0.04.
+ > Wi'in 1 noRil In the calculation for negative parity states the boson-
i i el maadvR e mae AT fermion interaction strengths for protons 89]: T'[=0.48

- o~ - MeV, Ag=1.4 MeV,A7=0.05 MeV, x"=—0.5. For posi-
X[[mj.(a)" a]" N eall maa Nd0RIT). (4.2 tive parity states the monopole strength is reduced\Jo
=0 MeV. For neutrons we takE;=0.02 MeV, Aj=1.65

Here 7] stands for a proton quasiparticle, andl’,«]”  MeV, Aj=0 MeV, x’=—1.0, i.e., the values used in the
for neutron quasiparticlese(= v), or proton quasiparticles previous IBFBPM calculation fof’Ge [45].
(a= ), which are coupled to the angular momentugy . The values of the pair-breaking interaction strengths

Angular momentaj and |,, are coupled to the three- U,,U, and the surface interaction strengthv; both for
quasiparticle angular momentum denoted IQy,,. In the  protons and for neutrons in broken pairs are taken in accor-
boson part of the wave function, tingd bosons are coupled dance with the previous IBFBPM calculatiof$9,50 and

to the total boson angular momentuR The additional are equal to the values used in the calculation$f6re[45]:
quantum numberv is used to distinguish between the U,=0 MeV, U,=0.2 MeV, andVs;=—0.1 MeV.

ng-boson states having the same angular momerRuive In Fig. 7 we present the calculated energy spectrum of
note that the number of bosons associated with the boson %°Ga in comparison to the available data. Only states that
state|nguR) is ng=N-—ny, whereN is the total number of have tentative experimental counterparts are shown.
bosons. Using the IBFBPM wave functions we have calculated
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FIG. 7. Calculated states {ftGa of (a) negative parity andb) positive parity, in comparison to the available data. Below 1.35 MeV of
excitation energy all calculated states are shown, and above 1.35 MeV only those that have experimental counterparts. Calculated states are
tentatively assigned to the experimental lev@ise text for discussion

the E2 and M1 electromagnetic properties. The effective The IBEBPM states 56%1'9/2%1*11/%1' and 13/gpl,

charges and gyromagnetic ratios are taken from the previous ~ X
IBM/IBEM/IBEEM  calculation for 6465666%n anq DPased on therfs, state, are assigned to the levels at 191,

65.66.67.6854[38,39: e"=1.5,e"=0.5, e"P=1.35, y=—0.5, 1287, 2467, and 2788 keV, respectiv~ely. The IEveI at 62 keV
or=1, g/=0, g7=0.4 gI™=2.234, g’=0.9 glfee= is assigned to the 1j2 state havingmp,, and wfs;, domi-

T_ 2\ . free_ v_ 2\ ~v.free_ X ~ ~ .
—3.443, g7=5(r’)gl"**=156, 9{=5(r")0s"*=  nant components, while theps, and 7¥s, states are domi-

—1.07,0r=2/A=0.477. The calculateB2 andM1 transi-  pant i the 712, . 7/2,, , and 15/2, states associated with
tions are compared with the experimental data in Table III. 1 P2 PL

The branching ratios from 21 states were investigated. It wal'® €xPerimental levels at 1075, 1353, and 3736 keV, respec-
found that all the calculated weak transitions are weak, ofiVely. The level at 815 keV assigned as 3/2 as well as
were not seen in the experiment. All the transitions expectethe 3/%p, calculated state, have a more complex structure

to be strong are found experimentally, except the Jp?/Z with components from all the three negative parity quasipro-
—15/2;, transitions, which is predicted to be strong button states. We note that the d42assignment to the level at

even so it is below the detection limit. This quality of the 650 keV is based on the analogy with a similar levefiGa;
description, where the che}racterlstlc brgnches can be Unde{ﬁevertheless its decay properties give a preference for the
stood may serve as a basis for the assignment of the expe@m;pz assignment. The calculated transitions from the J;3/2

mental states to the theoretical ones.
To make it easier to follow the origin of states, for the @nd 15/2, states to all the other calculated states below

indexing of the theoretical states we usg, for the them that are not observed in experiment are negligible, and
quasipartide-phonon states) b, for proton broken pair from the 11/%})1 state are less than 0.6% of the main branch.
states andy,, for neutron broken pair states. Here the index The lowest lying calculated high-spin one-quasiproton
i denotes theth state of the denoted type. In the standardstates of negative parity 17{2,19/2,, , and 21/, are the
notationl,, the indexk is used as total label obtained from 17/2; , 19/% , and 21/2 ones. These states are based on the
the IBFBPM calculation. The indexinig is pointed outonly -3 qasiparticle state, and are predicted to lie at 4105,
for states where #k. Otherwise, the indexesand k are 5539, and 5721 keV, respectively. According to the IBFBPM
equal. . . _calculation, the observed highest spin negative parity one-

The lower part of the ob.served negative pa~r|ty spiactrum I%quasiproton state could be the 17/@ne. This level, corre-
dominated by low-spin parity states, where B2, 7P, sponding to the level at 4750 keV fiGa, was not observed
and wfs;, quasiproton states are coupled to the core. Then 65Ga (there is no evidence for a transition sf1400 keV
levels at 0, 650, and 809 keV, assigned to thg@ll/?;pz, to the 13/%,;1 level).

and S/gp2 states respectively, are based on they, state. The lowest lying low-spin negative parity states based on
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TABLE IlI. CalculatedE2 andM 1 transitions for®®Ga in comparison to data. Experimenttaivalues for

transitions that are not observed in the present experiment are fronf1REf.

Im =7 E,—E; B(E2)(e?b?) B(M1)(ud) I,

(h) () Expt. Expt. IBFBPM IBFBPM Expt. IBFBPM
12 =302, 62—0 0.010 0.043 100 100
5/20p,— 125, 19162 0.028 3.6
— 312, —0 0.003 0.003 100 100
1245, — 5125, 650191 0.001 6 0.4
— 12y, —62 0.020 8 99
=302, —0 0.020 0.009 100 100
5/2p,— 1125, 809650 0.001 0.0003
—5/2, —191 2x10°° 0.001 7 0.7
=12 —62 0.003 6 1.8
=302, -0 0.035 0.42 100 100
31245, — 52, 815809 0.004 0.098 0.0004
=12y —650 0.001 0.164 18
—5/2, —191 0.004 x107°° 6
=12y —62 0.022 0.001 100 100
— 312, -0 0.015 7%10°° 43 94
71205, — 3124, 1075-815 0.002 0.006
=502, —809 0.007 0.025 2.2
—5/2, —191 0.015 x10°° 115 26
=312, -0 0.021 100 100
9 20p, — 7124, 12871075 2x10°° 0.002 0.04
=512, —809 0.0006 0.02
=502, —191 0.048 100 100
712q5,— 912, 13531287 0.005 0.025 0.02
—T/2q —1075 0.002 0.011 0.7
— 312, —815 0.0004 0.04
—5/2, —809 3x10°° 0.060 13 30
—512, —191 0.009 0.012 19 100
=302, —0 0.010 100 100
112, =712, 24671353 0.001 0.8
=902, —1287 0.006 0.001 8
=712 —1075 0.039 100 100
1312, —11/2, 27882467 0.0002 0.010 0.1
=902, —1287 0.054 100 100
15/2,, — 1312, 37362788 0.002 0.0007 2
=112, — 2467 0.033 100 100
23125, — 2102, 62935943 0.007 0.001 1.3 2.5
—19/2,, —5466 0.013 100 100
27125, — 2312, 73616293 0.015 100 100
13/2;4*p$—> 112, 30642813 0.000 0.000

=902, —2037 0.035 100 100
11725, — 1312, 31733064 0.001 0.152 0.1
—112, —2813 0.000 0.000

=902, —2037 0.034 0.080 100 100
16/25, —11/2, 37323173 0.003 10 28
— 1302y, —3064 0.002 0.001 100 100
15/2;,— 1512, 39103732

=112, —3173

—13/Z, —3064 15

—11/2, —2813 0.006 100 100
17/2;, — 1512, 41223732 0.0006 0.003 0.8 0.5
—13/2, —3064 0.048 100 100
19125, — 17123, 45464122 0.00002 0.0001 9 0.2

PRC 59



PRC 59 COLLECTIVE AND BROKEN PAIR STATES OF%>6Ga 1969

TABLE lll. (Continued.

Im — 7 Ei—Eq B(E2)(e?b?) B(M1)(u2) I,

(h)  (h) Expt. Expt. IBFBPM IBFBPM Expt. IBFBPM
—15/2;, —3732 0.017 100 100
2112, — 1912, 54964546 0.00004 0.0007 0.4
— 1712, —4122 0.043 100 100
19/24, — 2102, 57145496 0.0007 0.234 1.6
—19/2;, —4546 0.00003 0.011 11
— 1712y, —4122 0.007 0.027 100 100
—15/2;, —3732 0.002 23
25124 — 2112, 68155496 0.026 60 60

the broken pair configurations wpy(7ps)? and 2037 keV, which is based on thegg, one-quasiproton state.
7-r~fs,2( 7753,2)2 appear between 1.6 and 2.2 MeV. These conAt 2901 keV we predict a 5@17759,2 core coupled state that

figurations do not contribute to the higher-spin states near thg 1< not observed in the present experiment. Since the occu-
yrast. The next structure, built on neutron broken pair con-

figurations mPa 1Fep)? and mfe(1Ten)? is a group of pation probability02~(7r§9,2)<0.5 andy”™<0, the band struc-
states with spin 1/2—11/2° at ~2.4-2.8 MeV, while ture based on therggy,, configuration is of decoupled type,

above them are the higher-spin states. The structure based bfi» the lowest 1%2 state of this structure lies above the
the mp4»( 7fs/,)2 configuration is also not relevant for high- cotr):esponqlpg 13 ﬁtag:;’zs Otz anggTitrOf(ig(/;r:d c<|)mpa-
spin states, being=1 MeV above the high-spin one- 'a@P€ transitions to the 972band head. The evel at

quasiproton states. 2813 keV lying below the 13/2 level and decaying pre-
There are two additional negative parity broken pair struc:dominantly to the 9/g, level, with a very weak branch to

tures that could be important. Thego( vTs,vgo) One with  the 9/2 level, evidently does not belong to the band based
its lowest lying high-spin 21/2 state predicted at 6754 keV, on the gy, configuration.

and the rpsp, and themfs;,) (mggy)? configurations gener-  States based on thep,,, mPaj,, and s, quasiparticle

ating lower spins above 7.2 MeV and higher spins (23/2 giotaq coupled to the neutron broken paffd,1gs,) appear

and 25/Z) at 8'.78 Me_\/. Both structures are 1_.2 Mev.in our calculation above=3 MeV, with members up to spin

above the negative parity yrast and are not associated W'tPQ/Z+ . The 19/2 member of this structure is predicted at

the observed Ieve_ls_. , , , . 3461 keV, i.e., below the observed yrast states. States with
The only remaining negative parity broken pair configu-

rations contributing to high-spin yrast states are thehlgher spins built on this configuration are also predicted to

= T2 and mf T.-)2 ones. On the vrast thev gen- lie 0.5-0.8 MeV below the members of the§9,2 one-
grgi’é(ijgé’i)zoo k;TVSgiE;gfgzed doublets of t)r/1e 19%}/79 quasiproton band. Our calculation cannot prove that unob-
25/2°, and 27/2 states and a rather isolated 21/&ate. On served high-spin states based on this broken pair configura-

the basis of decay patterns we assign the J.9/21/2,. , tion are on the yrast dge to the following arguments: _
1 1 (1) The nature of this structure forbids or at least highly

23/2,,,, and 2713, [predominantly based oftpsz, mfs2,  hinders transitions from other families of levels into these
mP3+ misp, andwis, proton quasiparticle states coupled States.

to (vgey)2, respectively to the observed levels at 5466, (2) States based on thii config~uration doDot show a dis-
5943, 6293, and 7361 keV, respectively. Transitions intinct band structure. Therp,,, mps,, and wfg, compo-
IBFBPM from 23/7,, and 27/2, states to the calculated nents are fragmented in wave functions, resulting in a high
states that are not assigned to any observed levels are nedfvel density above 3 MeV, and therefore even transitions

gible. The 21/z, —19/2,, transition is weak. The calcu- etween members of this family are extremely weak.

. - (3) The effective core for a negative parity broken pair at
lated reduced transition probabilities arB(E2) (21/2;“1 high excitation energy could be different from the core that

—19/2,,)=0.003 €b%); B(M1) (21/Z,—19/Z,) influences the one-quasiproton band, shifting this broken pair
=0.009 (uﬁ). Since theB(E2) values to the calculated configuration above the yrast.

17/Z" states are also extremely small, the g;lrllztate de- Therefore, we can conclude that it is possible that, al-
cays to the 19/2 level at 4546 keV only because of the large though the calculated positive parity yrast states a@5
transition energy. The IBFBPM calculation predicts that allMeV below the observed yrast levels, they cannot be popu-
possibleB(E2) andB(M 1) values in the decay of 1%21 to Iatedbfrolin the _obser;{ed Ieyels.. TEe Iovlveslt stgte 3f3th|s neu-
lower-lying 17/2 and 15/2 states are by many orders of tron broken pair configuration Is the calculate m’l tate.

magnitude hindered, and therefore this level is also forced t¥/€ assign it to the 2813 keV level. The only state having a
decay into positive parity levels. sizeable transition into it is the calculated lﬁéstate based

The lowest energy positive parity level isthe}}@one at on the same fermion conﬁguratior[B(E2)(15/2§n4
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—>11/2§n1)=0.006 e’b?]. We tentatively assign 151,?21 to  near the yrast, nor does thegg(7fs;)? one (with high-
the level at 3910 keV. spin states~1 MeV above the observed one-quasiproton

An important three-quasiproton configuration, thelevels or the (7759/2)3 one being active above 10 MeV. The
79e TPam i) ONe, appears above 4 MeV. Among the BFBPM calculation predicts the lowest 25/3tate based on

relevant high-spin states, the 15/2 19/2, and 23/2 states 7o/ ¥Jg)? at 7336 keV. This level was not populated in
based on this broken pair structure are below the corresponde present experiment.

ing one-quasiproton states. We associate the ;1542d

19/2;, IBFBPM states with the observed levels at 3732 and VI. CALCULATION FOR ®’Ga IN IBFBPM

4546 keV. As mentioned previously, the other I5/and e 66
19/2" states below are based on neutron pairs. Therefore, we The core nucleus fof’Ga is 3Znss. Here we use the

parametrization from Ref[38]: h;=1.039, h,=0, h;=0,
shall label the 3732 and 4546 keV levels by 1351/2and hag=0.147 = —0.2292 h,,= 0.5595(all h; parameters in

19/2;,, . In Table IIl the transitions from 150 to 11/Z,  MeV) and the total boson numbat=5.

and 13/2, are omitted, as in the present version of IBFBPM From Ref.[38] the boson-fermion interaction strengths

- for protons areI'j=0.4 MeV, Aj=0.5 MeV. Only the
they cannot be calculated. The strong transition to the;,j,13/2 monopole strengt?A *_0 MeV is Oslightly adjusted o the

state can be attributed to the components based ORigh-spin data.

(vfs2v991) in the wave function of 15/@1- Starting from the same single-particle energies and pair-
Levels at 3064, 3173, 4122, 5496, 5714, and 6815 keVng strength for neutrons as if°Ga and lowering the

are assigned to the 1372 11/2§ , 17/2 , 21/2 ,19/2,, and  E(vQg) by 0.4 MeV, we obtainE(vfs,)=1.42 MeV,

25/ (i.e., 1312, , 112y, , 1712y, , 21/%, , 19/Z;, , and  E(vp3)=1.80 MeV, E(vpy)=2.00 MeV, E(vge)

25/2;,) members of thergg, one-quasiproton band, respec- =2.42 MeV, v?(vf5) =0.60, v?(vP3) =0.82, v*(vPyy)

_ 20, N
tively. The strongE2 transition of 899 keV from the 6815 _0_'14#’ (”?9/2')_,0'07]; é‘” other parameters are the same
keV state does not correspond to any of the calculated trarS IN the calculations fo Ga.

sitions, therefore we are not able to assign an IBFBPM stat%ér; |||:"| Igc.08m V\frisporﬁstgr;]éh:V;ﬁ‘;%ﬂLagegae:r?ﬁ% ?ggférlu\/mthg
to the 5916 keV 21/2 level fed by it. b

- L - calculatedE2 and M1 transitions are compared with the
_Transitions from the levels withmpy(vge)” and  experimental branching ratios. Altogether branchings from
mis(vQer)? configurations are forbidden or highly hin- 27 states were analyzed. Similar to the casé®a, all the
dered in leading order to the 19/2evel at 4546 keV, based transitions predicted to be strong were found, or are below
on the wgo(7Papmis,) configuration, and also to other the detection limit, except the 1@7@%15/2&)1 transition,
positive parity levels containing this dominant configuration,which is at least a factor of 20 weaker than expected. All the
as well as to those states, which are predominantl,, transitions predicted to be weak are weak or not seen, al-
core coupled states. Strorfgl transitions are possible if though, the 17/%1H15/2;pl and the 7/%)2%3/2,;pl transi-

V~f7,2 components are present in positive parity final states. Inions are much stronger than expected.

order to keep the size of configuration space manageable, the One-quasiproton negative parity state$iGa correspond
vf,, states have been omitted from the present calculatiof® their counterparts in®Ga, with the exception of the
Nevertheless, we have performed an IBFBPM calculatiorll7/Z;, state that is observed if{Ga, in agreement with the

with v, included in the configuration space, but the bosonlBFBPM prediction. Therefore, we associate the 0];‘»1/2
space was reduced. The energy ofﬂie,z guasiparticle was 1/2;p1, 5/2;')1, 3/2;p2, 5/2;'32, 1/2;p2, 7/2;,)1, 7/2;p2, 9/2;‘31,

taken 3.7 MeV above the Fermi level. In this schematic cal- -
. . 11/2q , 13/2; ,15/2q‘ , and 17/% IBFBPM states,
lat btained 17/2and 19/2 stat b f o P1 Py P1
cuiation we obtaine an Stales as members o with the observed levels at 0, 167, 359, 828, 911, 1082,

th~e Iow~est-lzing structure containing thef, state, in the 1202, 1412, 1519, 2653, 3160, 4280, and 4750 keV, respec-

mPavi72v90r2) configuration, at~5.5 MeV, i.e., at the fively. Compared to the corresponding state$i6a, some

calculated energy of thegg,(7ps,mfsy) states in the real- states have different dominant components in their wave

istic calculations. Therefore, we conclude that T7/8/2",  functions. The 312, 712, 1112, , and 15/Z, states are

. . . . ! Py Py

and other positive parity level§including the 4546 keV . ~ : ~
e ~ ~ based mainly onrpg, and 7/%pz is based on therfs,, qua-

level) above 4 MeV should have additionaps( vf7vggs)

. ~ siproton state. We note that the 11/2and 15/Z  states are
components that enabel transitions from ¢gq,)? levels. P 1‘;[’/1 %pl

The residual interaction between broken proton and neutrof€9ligible above the calculated yrast states. For negative par-
pairs could lower the calculated energy of states containindy: Proken pair conf|gu5rat|ons do not exhibit sizeable differ-
nces with respect t6°Ga. As in the lighter isotope, the

both types of pairs, in agreement with the rather low energ ) , X )
of the 4546 keV 19/2 level. The present version of observed high-spin negative parity states above 5 MeV are

IBFBPM cannot account for states containing both types obased onrpzvge)? andwf s vggy) %, with the two low-
pairs. est members of this structure, 19/2and 21/2,, , assigned

We note that therge,(mpss;)2 broken pair configuration to the levels at 5085 and 5225 keV, respectively. Above
appearing at 3.7—3.9 MeV does not generate high-spin statésese states, we assigned the IBFBPM g%/,z 23/2;n1,
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FIG. 8. Calculated states f{Ga of (a) negative parity andb) positive parity, in comparison to the available data. Below 1.50 MeV of
excitation energy all calculated states are shown, and above 1.50 MeV only those that have experimental counterparts. Calculated states are
tentatively assigned to the experimental lev@lse text for discussion

2502, , 2312, and 27/g, states to the 5744, 6185, 6589, 17/2, , 21/%, , and 21/Z, , respectively.
6870, and 7958 keV levels, respectively. Calculations in IBFBPM predict that positive parity yrast

The positive parity spectrum of‘Ga exhibits some dif- |evels above 6 MeV are based oo ¥9o) 2. The calcu-
ferences with respect t%Ga. Levels that have evident coun- |ated 25/gnz, 29/2;]1, and 33/gn1 states, belonging to this

terparts are 5 structure, are assigned to the 6379, 7619, and 8616 keV lev-
(1) Members of themgg, one-quasiproton band /2  els.

13/2;, and 11/2 . We labeled these statégue to reasons

discussed in the case 8%Ga in connection to high density of VIl. CONCLUSION

levels based on neutron broken pairs above 3 Me¥

912, + 13/2y, , and 11/2, . These states correspond to the The experimental level schemes G°Ga have been sig-
2073 3031 i’and 3100 keV levels, respectively nificantly extended. While the existence, as well as spin and

i arity values of the states below 3.5-4.0 MeV were con-

(22 The Ievel'at .2862 keV, assigned to the IBFBPM. Eirmeyd, the experimental information on the high-spin states
11/3,, state which is based on the neutron broken paif .o poan doubled concerning the numbey odys, the num-
(vfsrQe) configuration. ber of levels, and the amount of spin assignments by adding
(3) Levels at 3577 and 4290 keV, associated with thel5—20 new levels in the 3.5—-7.0 MeV region. As a result of

calculated 15/2, and 19/2, states(labeled as 154%l and these investigations 1-3 additional states could be observed

" ~ ~ o~ above the yrast in the spin 15/2—-23/2 region.
19/2,,,). They are members of thegg( 7Pamfs,) broken The present calculation of nuclear structure’»fGa re-

pair structure. veals an interplay of one- and three-quasiparticle states in the
The main difference with respect t8Ga is due to the framework of the interacting boson-fermion model. In both

17/2° and 21/Z levels. Electromagnetic transitions from pyclei the negative parity states observed betew MeV

and into these levels, as well as their pattern, can be assogiere assigned to quasipartigi@honon states, above it the

ated with an interplay ofmrgq,, 7go{7pspmfsp), and  proton quasiparticles and the phonons are coupled to a com-

mgg 7fs5)? components in the wave functions of thesepletely aligned pair of neutrons in the yrast states. The posi-

levels. The 17/2, and 21/Z; states(labeled as 17/2, and  five parity sequence of thege, + phonon excitations could
be revealed up to spin 25/2 and 21/2 f#fGa and ®’Ga,

21/2,,) are based predominantly orgy, and are associated respectively. Between 3.5 and 5.5 MeV a set of three proton
with 4198 and 5491 keV levels, respectively. The levels attates could be identified if’Ga, while the high-spin yrast
3855, 4349, 4995, and 5186 keV, with dominant threesequence is based on the aligrggh neutron configuration
quasiproton components, are assigned to the;1717/2,, as in the case of negative parity states®iGa only a pair of
21/% , and 21/2 IBFBPM states(labeled as 17fg,  broken proton states could be identified. Although, in both
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TABLE IV. CalculatedE2 andM 1 transitions for®’Ga in comparison to data. Experimenitavalues for

transitions that are not observed in the present experiment are fronh1SEf.

I — 17 Ei—E; B(E2)(e°0) B(M1)(4d)

(h)  (h) Expt. Expt. IBFBPM IBFBPM Expt. IBFBPM
U2gp =312, 167—0 0.013 0.058 100 100
5/2qp, — 1125, 359167 0.027 1.8
=302, —0 0.003 0.006 100 100
31205, 5125, 828359 1x107° 0.013 4 6
=12y —167 2x10°° 0.022 10 27
=302, —0 0.027 0.028 100 100
5/2qp,— 312, 911828 0.002 0.306 0.9
=502, —359 9x 105 0.0005 2.2 0.5
— 12 —167 0.003 2.2 2.0
=302, -0 0.029 0.010 100 100
255,512, 1082911 0.0004 0.0002
—312, —828 0.0003 0.533 12 37
512, —359 0.003 1.7
=12, —167 0.030 100 100
—312, —0 0.021 0.005 33 122
71205, —5/2qp, 1202911 0.002 0.131 6
—312, —828 0.0004 0.0004
—5/2, —359 0.002 0.012 31 14
=302, —0 0.033 100 100
71205, — 7125, 14121202 0.002 0.002 0.06
—5/2, —911 0.002 0.011 20 5
=312, —828 0.001 0.2
—5/2, —359 0.024 0.008 100 100
— 302, -0 3x10°° 20 0.3
9/ 205, /2, 15191412 0.003 0.018 0.03
— 712, —1202 0.0007 0.005 0.2
—5/2, —911 0.0003 0.02
—512, —359 0.049 100 100
11/2, =912, 26531519 0.001 0.007 5
=712, —1412 0.0004 0.4
— 712, —1202 0.051 100 100
13/24p,— 1112, 31602653 0.0003 0.004 0.1
=912, —1519 0.065 100 100
15/24 — 1312, 42803160 0.0009 0.004 15
=112, —2653 0.056 100 100
17124 — 1512, 47504280 8x<10°° 0.002 12 0.04
— 1312, —3160 0.067 100 100
21025, 2112, 57445225 2x<10°°© 0.003 100 100
—19/2, —5085 0.0003 0.002 24 161
231250, — 2112, 61855744 0.0004 0.718 30 89
—21/2, —5225 0.0007 0.007 10
—19/2,, —5085 0.025 40 40
251250, — 2312y, 65896185 0.0006 0.006 0.4
—21/2, —5744 8< 1078 0.002
—21/2, —5225 0.036 100 100
231250, 25/, 68706589 0.007 0.598 20
— 2302, —6185 0.0002 0.0004 0.2
—21/2, —5744 4x10°° 0.003 36 6

— 2102, —5225 0.008 0.0003 100 100
—19/2,, —5085 3x10°7 0.005
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TABLE IV. (Continued.

1973

I — 17 Ei—E; B(E2)(e°0) B(M1)(&R) L

(h)  (h) Expt. Expt. IBFBPM IBFBPM Expt. IBFBPM
27125, —231%, 79586870 0.041 50 259
— 2512, —6589 0.005 0.0001 100 100
_>23/2bn —6185 9x10°© 0.6
1312y, Hg/qu;1 30312073 0.037 100 100
11/2;; —13/2; 31903031 0.001 0.119 0.4
. 9/2q —2073 0.041 0.058 100 100
15/2;, —11/2, 35773190 0.002 3.4 33
— 1312, —3031 0.0009 x10°° 100 100
17/2gp1_> 15/2, 38553577 0.006 0.039 1.2 22
—131Z, —3031 0.015 100 100
17/gp1_> 1712, 41983855 6x10°° 0.095 90 6
— 1512, —3577 0.001 0.028 11
. 13/2; —3031 0.043 100 100
19/2bp1_> 17/2;;pl 42904198 0.002 0.001 0.02
H17/2bp —3855 0.004 %x10°° 1.6 1.2
—15/2;, —3577 0.029 100 100
17/2pr% 19/2gIDl 43494290 6x10°° 0.004 0.02
— 1712y, —4198 3x10°° 0.008 0.8
- 17/2gp —3855 0.0004 0.001 52 5
—15/2,, —3577 0.0001 0.012 <10 146
— 1312, —3031 0.0014 100 100
21/2gp2_> 1712, 49954349 0.035 24
ng/sz —4290 2<10°° 0.033 100 100
-, 17/2qp —4198 0.009 17
— 1712, —3855 0.0002 2.7
21/2;, —>21’2pr 51864995 0.0002 0.005 0.03
— 1712, —4349 0.0002 0.04
. 19/2bp —4290 0.003 0.106 31 67
— 1712, —4198 0.0003 0.2
— 1712, —3855 0.040 100 100
21/2;;p1_>21/2b,01 54915186 0.0002 0.029 21 0.7
—21/2, —4995 1x10°° 0.001 0.1
— 1712 —4349 0.008 27 9
- 19/2bp —4290 0.0004 0.004 7
. 17/2qp —4198 0.048 100 100
— 1712, —3855 0.002 67 14

65.67Ga there are positive parity states which could be asbasis of comparison of their electromagnetic properties with
signed to a broken low-spin neutron patirproton configu- the experimental ones. It is important that not only the ener-
ration, this set of states remains problematic. This group o@ies, but also the branching ratios could be described at least
states is predicted to be yrast in the spin 11/2—23/2 rangé) a qualitative way. The main branches were always calcu-
which is not the case. These states might be weakly corlated to be strong, and the strength of the side branches were
nected to the rest of the level scheme, or the core may pestimated with a precision better than an order of magnitude
somewhat different for different families of broken pair con- in most cases, making possible the assignment of most of the
figurations, resulting in additional energy shifts betweenstates.
these families of states. Such an energy difference is often
present, e.g., in total routhian surface calculations. In spite of

the above-mentioned problems, the general agreement be-
tween the present IBFBPM calculation and experiment is This work was supported by the Swedish and Danish
reasonable. For a majority of the observed levels we proNatural Science Research Councils, and the Hungarian Fund
posed the dominant configuration in the wave function on thdor Science Researd®©® TKA Contract No. 20656
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