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Nonyrast states in the odd-oddN=Z nucleus ®°Ga
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Low-lying excited states in the odd-odd=Z nucleus®’Ga have been investigated following the heavy-ion
fusion-evaporation reactiotfCa?*Mg, pn)%2Ga near the Coulomb barrier. Special emphasis is devoted to the
search for nonyrast states. The extended decay schefi&afis compared to spherical shell-model calcula-
tions employing thepfs,gq,» valence space.
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I. INTRODUCTION T=1 states as they typically move away quickly from the
_ yrast line with increasing spin. They are thus difficult to
The advent of the latest generation of largeay spec-  access via heavy-ion fusion evaporation reactions. Neverthe-
trometers and their coupling to powerful ancillary devices|ess candidates for thHe=1 2* and 4 isobaric analog states
injtiated comprehensive experim'ental in-beam st_udies of Megxist in 7“Rb [11], and they have recently been established in
dium mass,A~50-90, self-conjugat&=Z nuclei. Along 70y [12,13. The candidates proposed in REf2] for the 6
the N=Z line neutrons and protons fill identical orbitals and gng g isobaric analog states have been disputed in [R&F.
their wave functions have large spatial overlap, which leadshjs paper presents a nonyrast stud§@a to search for the
to a reinforcement of shell structures and effects arising fromyyen-spinT=1 isobaric analog states, since none of them is

isospin T=0 and T=1 neutron-proton pairing correlations. known in 82Ga from the previous in-beam woftt4,15.
Another facet ofN~ Z nuclei is the test of isospin symmetry

of the nuclear forces by studying, for examplg=+1/2

mirror nuclei. A recent summary of both in-beam and decay Il. EXPERIMENT
\é\igirl?sa;;e["lf s theoretical developments regardizgZ nu- The experiment was performed at the Tandem XTU ac-

celerator facility at Legnaro National Laboratory, Italy. The

Odd-oddN=2Z nuclei are special 88=0 andT=1 states fusion-evaporation reactioffMg+4°%Ca at 60 MeV beam en-
compete at low excitation energies. Having good knowledge

. . ) i . -~ =2'érgy was used to populate excited statedNir Z nuclei in
on isospin, spin, parities, energies, and electromagnetic d

cay properties of low-lying states in these nuclei allows for(-i;ﬁe massA~60 region. The beam energy was chosen close
y prop ying to the Coulomb barrier in order not to open too many reac-

gﬁfgﬂi? cl)rf“i/sesggi?l“r%ri];r?é ﬁ'ﬁj retrétrﬁzl;gg_?g gﬁ?g gtrutgiZs tion channels and to increase the probability of feeding non-
P - P - yrast structures in the various residual nuclei. In the

are feasible in thép shell with present _technl_ques and spec-;) g mg/cn thin, enrichedCa target layer the beam energy
trometers, not least because information gained from hea

Vy- . . . .
ion fusion evaporation reaction®,3,5,d, which favor high- decreased to some 55 MeV, for which no significant fusion

spin states along the yrast line, can be combined with result%rOSS section is predicted anymore. The target layer was

from low-spin studies using, for examplé,ny) reactions acked by a 7 mg/ctmtantalum foil to stop the recoiling
P 9 P&y, Ny nuclei. The front side of the target was covered with a thin

[7-10. The latter reaction type can probe nonyrast states Sffash of gold to prevent oxidation. Nevertheless, small but

WeII._BeyondA:SS light-ion mduceq reactions are no longer noticeable amounts JfC, 160, “4Ca, and"@Mg were iden-
possible because of the lack of suitable stable target mater.

oo : i . ) {iied as target contaminanf47].
als. Therefore, it is increasingly difficult to identify the The y rays produced in the reactions were detected with

the GASP Ge-detector arrgyl8] including 40 Compton-
suppressed high-purity Ge-detector elements and 74 out of
*Present address: Department of Physics, University of Guelpithe standard 80 BGO elements. At the most forward angles

Guelph, Ontario, Canada N1G 2W1. the NeutronRing array replaced six BGO elements to allow
"Present address: Physik-Department, Technische Universitfor the detection of evaporated neutrons. The system was
Munchen, D-85748 Garching, Germany. coupled to the 4 charged-particle detector ISIR9] con-
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TABLE |. Experimental relative fusion cross sectiang, of the tially 60 MeV down to 55 MeV. They are estimated from the
reaction®Mg+4%Ca at 60 MeV initial beam energy. The predicted efficiency corrected yields of known ground-state and band-
total fusion cross section averaged over the target thickness isead transitions in various spectra with different conditions

110 mb. on evaporated charged particles or neutrons.
62Ga residues are formed after the evaporation of one pro-

Nuclide Channel Orel (%) ton and one neutron from the compound nucl&@e. They
. are produced in about 0.3% of the reactions. The result of the
Ga Ipln 0.252) analysis of particle-gategy and yyy coincidences as well
®2Zn 2p 6.75) as yy angular distributions and correlations is comprised in
617 2pln 8.4(6) the excitation scheme 8fGa displayed on the left hand side
610y %P 57(4) of Fig. 1 and the corresponding numeric details in Table II.
s0Cy 31n 0.224) The RADWARE analysis softwarg20] and the spectrum

analysis codav [21] were employed to derive the results.

*Cu lodp 1.83) The level scheme shown in Fig. 1 is consistent with the
*Cu lalpln 0.1713) one proposed by Vincenet al. [14], who reported the
60Nj 4p 1.82) 571-246-376-1241-2355-946-1107 keV yrast cascade and
58N 1a2p 20(3) the 622 and 1180 keV transitions populating tHeadid 5

56Nj 2a 0.072) states, respectively. In an independent high-spin study of
570 103p .<0 . 62Ga[15], the 1488-867 keV bypass of the 2355 keV transi-

o tion has been observed together with the extension of the
Co 221p 0.021) odd-spin yrast sequence up to spil7 via two additional
stretched quadrupole transitions at 1747 and 1387 keV. The
o ] other transitions on the right hand side of the level scheme in
sisting of 40 AE-E Si telescopes to detect evaporatedrig. 1 are inferred from the present work. In the following,
charged particles. The coincident detection of evaporatehejr coincidence relationships are going to be discussed in

particles andy radiation thus allows to discriminatg rays  more detail based on theray spectra displayed in Figs. 2
originating from different reaction products. The event trig- gnd 3.

ger required either one Ge detector, one BGO detector, and Figyre 2 provides a total of foug-ray spectra, which
one neutron detector or two Ge detectors and one BGO d%‘riginate from ayyy analysis, i.e., they are measured in

tector firing. At the end of the experiment, thelee detectorggincidence with certain combinations of tweray transi-
were energy and efficiency calibrated witCo, **Ba, and  {jgns, Panelb) may be regarded as %Ga reference spec-
%Eu sources. trum as it relates to the sum the three spectra in coincidence
with any combination of the three intense, low-lying 246,
IIl. RESULTS 376, and 57_1 keV transitions. The_ins_et s_hows the high-
energy fraction of the spectrum highlighting the known
Table | shows the experimental relative cross sections foR355 keV line and a new, tentative transition at 2603 keV.
the reactior?*Mg+4°Ca at beam energies ranging from ini- Weak new lines at 1363 and 1424 keV are also present in
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FIG. 1. Proposed partial level scheme of
+ ) .
39224 8" 1166 3708 6 62Ga. The energy labels are given in keV. The
2355 907 34921 7 a— widths of the arrows are proportional to the rela-
tive intensities of they rays. Tentative transitions
1488 3015 \ 67* ; .
1058 3406 \,, 1118 are dashed. On the right hand side the yrast
X 26753306 641 0*,2",4", and 6 states 0ff2Zn [16] are shown.
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TABLE II. The energies of excited states fGa, the transition energies and relative intensities ohthnays placed in the level scheme,
angular correlation and distribution ratios, and the spins and parties of the initial and final statey ofyise

E, E, el Rpco(35°-819°2 Ras-90 Multipole I 17
(keV) (keV) (%) assignment (h) (h)
571.31) 571.31) 1204) 0.593) 0.773) M1 1 0P
817.21) 246.Q1) 100(3) 0.926) 1.303) E2 3t 1+
1016.73) 445 53) 1.7(2) 0.599) Al=1 2 1
1193.52) 376.31) 893) 1.056) 1.355) E2 5t 3
1439.42) 622.31) 13.05) 1.0616) 1.3710) E2/M1,E2 4t 5 3
2234.Q5) 794.45) 1.7(6) 1.5764) 4* 5
14171) 2.67) 0.77123) 3t
2373.€3) 934.24) 3.84) 1.2228) 6*° 4* 5
1180.13) 12.75) 0.9312) 0.976) E2/M1 6 5*
2434.32) 1240.712) 62(2) 0.997) 1.265) E2 7 5*
2674.53) 123§1) (1) 6 4" 5*
1481(1) 1.83) 0.6211) Al=1 6 5
3014.83) 340.42) 3.27) 1.7058) 6%, 7 6
641.22) 2.73) 0.8924) 1.26118) Al=0,E2/M1 6,7 6*
3491.83) 1057.62) 11.45) 0.9513) 1.327) Al=0 7 7
1118.22) 5.35) 0.7Q16) 0.778) Al=1 7 6"
3922.Q3) 907.33) 5.56) 1.0922) 0.8709) E2/M1,E2 8t 6", 7"
1487.73) 12.36) 0.366) 0.61(4) E2/M1 8t 7
4657.84) 1166.Q3) 7.64) 1.1719) 1.059) E2/M1 & 7
4789.13) 867.12) 3.603) 0.41(10) 0.558) E2/M1 ot 8*
2354.85) 13.610) 1.21(17) 1.3710) E2 ot 7
4945.24) 1023.12) 8.05) 0.91(16) 1.128) E2/M1,E2 9*,10 8*
5735.Q4) 789.56) 1.1(6) 11* 9", 10"
945.92) 16.06) 1.0911) 1.398) E2 11 9*
6842.35) 1107.33) 5.97) 11*

*The 246 and 376 ke\E2 transitions were used for gating. See text for details.
PThe 571 keV transition is assumed to be the ground-state transition. Subsequent spin and parity assignments are based on this assumption
“Spin and parity assignment also based on yrastjaral intensity arguments. See text for details.

Fig. 2(b). These three lines may decay from a new level at71 keV transition, only the latter two transitions are clearly
3797 keV into the known states at 1194, 2374, andseen. If the 1417 keV transition were feeding into any other
2434 keV, respectively. However, due to insufficient coinci-state but the one at 817 keV, there should be a third transi-
dence statistics this level cannot be firmly established in théon in the spectrum with about twice the statistics of the 246
level scheme. Therefore, it is neither shown in Fig. 1 noror 571 keV transition, respectively. In particular, there are at
included in Table 1. most thregbackgroungl counts in Fig. 2d) at the position of
Figure 2a) shows a spectrum in coincidence with the the intense 376 keV*5— 3" transition. The weak 1417 keV
622 keV line and either the 246 or 571 keV transitions. Itbranch thus feeds directly into the 817 keV ygast state.
shows a line at 934 keV, which connects the previously The spectrum of Fig. ) was taken in coincidence with
known levels at 1439 and 2374 keV. In addition, a weak linethe 1488 keV transition and any of the three lines at 246,
is present at 794 keV, which is clearly seen in the inset 0376, or 571 keV. Clearly, peaks are visible at 867, 946, 1023,
Fig. 2@). By investigating single and double coincidenceand 1241 keV, which confirm the above mentioned bypass
spectra involving the 794 and 934 keV transitions it is foundof the 2355 keV transition as well as the presence of the
that these two transitions are not in coincidence with eacd945 keV level.
other. In the spectrum in coincidence with the 794 keV line Special emphasis was put into the search for candidates
the 246, 571, and 622 keV transitions all have the same infor the T=1 2" level, which can be expected to lie energeti-
tensity within uncertainties. Consequently, there has to be aally somewhere near the 954 keVi&obaric analog state in
new state at 2234 keV. The existence of this level is furthef?Zn. The signature would be low-energy isovector magnetic
supported by the presence of a weak line at 1417 keV, whicldipole transitions into th&=0 571 keV 1 and 817 keV 3
is evidenced in Fig. @). In this spectrum, which is in double states, eventually supported by the existence of a stretched
coincidence with the 1417 keV line and either the 246 orquadrupole 2— 0" ground-state decay. Figurga3 shows a
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FIG. 2. y-ray spectra resulting from ayy
analysis. All spectra are gated with zesopar-
ticles and zero or one proton detected in ISIS and
any number of neutrons. The peaks are labeled
with their energies in keV. Panéd) is in double
coincidence with the 246 or 571 keV transition
and the 622 kels,)— 3" line. Panel(b) is in
coincidence with any combination of the 246,
376, or 571 keV line. Pangt) is in double coin-
cidence with the 246, 376, or 571 keV transition
and the 1488 keV 8- 7" line. Panel(d) is in
double coincidence with the 246 or 571 keV tran-
sition and the 1417 keV line feeding the 817 keV
3* state.
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spectrum in coincidence with the 571 keV transition includ-spectrum, however, proved negative, which may be attrib-
ing suitable channel selectioisee captiop In the energy uted to insufficient statistics in conjunction with too many
regime of interest, lines are obvious at 246, 340, andcontaminating reaction channglsee abovg which prevent
376 keV, which are placed in the level scheme of Fig. 1. Inthe preparation of a “purified®Ga reference spectrum.
addition, weak random coincidences with positron annihila- Spin and parity assignments are based on angular distri-
tion are present at 511 keV, and also transitions frii, bution ratios, directional correlations of oriented states, yrast
which arise from reactions of th&Mg beam on thel2C arguments, and the assumption that the 57_1 kevlline feeds
contamination of the target. Unfortunately, the 571 keV linethe ground state of’Ga. For the angular distribution and

in 62Ga turns out to be contaminated by a 572 keV transitiorfOrrelation analysis, the Ge detectors at the most forward
in 34CI [22]. Nevertheless, a small unknown peak is seen at35° With respect to the beam axiand the most backward
446 keV in Fig. 3a). A careful investigation of spectra, (1459 angles of the GASP array were grouped together. Ac-
which are in coincidence with transitions populating and de<ording to the symmetry of the angular distribution with re-
populating the same levels as the 572 keV transitiodf@,  SPect to 90°, they give rise to one group of detectors at an
shows that the 446 keV transition does not belong to thieffective angle of®=35°. The angular distribution ratio
contaminating reaction channel. Furthermore, there is n®s5_gis formed by comparing the efficiency correctgday

446 keV-571 keV coincidence in thealpln reaction vyields in these twelve detectors versus the eight detectors
channel ®8Cu, the ground-state transition of which is situated at 90°. For the angular correlation analysis more
444 keV[23]. This is evidenced via Fig.(B). The 571 keV  statistics is required. Therefore, we combined the Ge detec-
line is absent in the gray spectrum, which requires a coincitors at 72°, 90°, and 108° to form a second group of detec-
dence with anx particle. Neither the 246 nor the 376 keV tors at an effective angle #?=81°. The DCO ratio is then
transitions are visible in the spectrum of FighB Hence, it gefined ag24]

is concluded that a 446 keV-571 keV coincidence is ob- 3 )

served and attributed ¥Ga, which gives rise to a level at g (35— 817y, 7,) = I(y, at 35° ; gated withy, at 819

1017 keV. A search for a 1017 keV line in th@h-gated pCo RERE I(y, at 81° ; gated withy, at 359"
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1600k~ ol '(a)l "] The nonyrast states requjre_a more careful il_"n_/estigation
LIS - M . and more caution when assigning spins and parities. In par-
1200} - ticular, the possibilities of strongly mixed&2/M1 and
- . Al=0 transitions have to be taken into account. Their DCO
< 200 1 values may lie close to unity, similar to the stretche@
€ 400 [ | transitions. Yrast arguments can help to distinguish between
) A different options, as well as combinations of several transi-
O o} tions populating and depopulating the state of interest. The
@ newly observed levels are discussed one by one in the fol-
- 800 lowing.
‘g’ 600 The level at 1017 keV is depopulated by the 446 keV
o transition. Its angular distribution ratiBzs_q;=0.589) is a
© 400 clear sign of a stretched dipole transition. Statistics are too
low to deduce a DCO ratio for the 446 keV transition.
200 Hence, spinl=2 can be assigned to the 1017 keV level,

while its parity remains open.

0
Ly, The level at 1439 keV is depopulated by the relatively
250 350 450 550 intense 622 keV transition and fed by three weakays at
E, (keV) 794, 934, and 1236 keV. The angular distribution and corre-

. . lation measurements of the 622 keV line are consistent with

FIG. 3. y-ray spectra resulting from @y analysis. The spectra g stretchedE2 transition, i.e., with a spin-parity assignment
plotted in black are gated with zer@ particles and zero or one qf |7=5* tg the 1439 keV level. An alternative is a strongly
proton detected in ISIS and any number of neutrons. The gray speg¢nixed Al =1 transition. i.e.1™=4* which is supported by
trum in panel(b) is in additional coincidence with an particle.  ha angular distribution value of the 934 keV transition feed-
Panel(a) is in coincidence with the 571 keV ground-state transitioning from the 2374 keV level. The optidr3 is excluded due
of %2Ga. Peaks labeled with their energies in keV belon§%®a, to the connections to the 2374 and 2675 keV levels
and peaks labeled ﬁgg a "+” originate frofCI [22), which are The experimental numbers derived for the s.tate at
due to reactions o . Panel(b) is in coincidence with the . . h L
446 keV line. The intense peaks in these spectra are from Comcﬁlze:\%/irlai\a/leasrse ?ﬁ:o\?ﬁgj W';hlgi?tll(\é%{ g‘?;zg)m;or}st'g“es'

) 35-9 =u.

dences with the 444 keV ground-state transitior?@u, which is i _ _ )
formed via the 1pln reaction channel. Note that the 571 keV line towards a spirl =4 assignment. The energetic location also

is absent in the gray spectrum, and that neither 246 nor the 376 ke{Pakes it a prime candidate for tffe=1, 17=4" isobaric ana-

transitions are visible. log state. _
The spin and parity of the 2374 keV level can be fixed to

The DCO ratios were corrected for the different detectionl "=6* with the help of the DCO ratio and the angular distri-
efficiencies at different angles. Known intense stretcB2d bution ratio of the depopulating 1180 keV transition. While
transitions(246, 376, or 1241 ke)/are used for gating. Then the former is consistent with both a stretclgtland a mixed
one expectsRpco=1.0 for coincident stretche#2 transi- Al=1, E2/M1 transition, the latter excludes &® assign-
tions. In principle, DCO ratios of stretchefl=1 or AI=0  ment. In addition, if the 1180 keV transition were BPR
transitions depend on the mixing ratif§E2/M1). For pure character, the 2374 keV state would represent the yrast 7
stretchedAl =1 transitionsRyco~ 0.6 is expected for the state, which is at variance with the intensity pattern of the
present geometry. decay scheme.

The experiment does not allow for the distinction between The only number available for the 2675 keV level, i.e.,
the electric or magnetic character of multipole radiation andRss_od 1481 ke\Vj=0.6211), fixes its spin td =6. The parity
hence, it is, in principle, not possible to determine the pari-cannot be determined.
ties of the excited states. This uncertainty is accounted for by The state at 3015 keV is populated by the 907 keV tran-
omitting parity assignments to states, which are found to beition and depopulated by the 340 and 641 keV transitions.
only connected to the established part of the level scheme byrast arguments prevent a spin assignment in excess of
stretched dipole transitions, i.e., either stretchétl or 1=7, and the measured ratios for the 641 and 907 keV tran-
stretchedM1 radiation.E2 character is always implied for sitions are consistent with eitherl&8=6" or I”=7* assign-
transitions involving quadrupole radiation as no new long-ment. The latter, however, is considered more likely, as the
lived isomeric states were observed in the present studyiss_od907 keV) value is not fully consistent with a2
which could hint at an involvement &2 radiation. character of that transition.

The spin assignments along the odd-spin yrast sequence The 3492 keV level is depopulated by the 1058 and
are straightforward. Th&s5_9o and Ry values call for a 1118 keV transitions. The latter defines the sp#v due to
pure stretched dipole assignment to the 571 keV transitioits stretched\l =1 character, and the values for the 1058 keV
and for stretched quadrupole character for the 246, 37@ransition are consistent with the derivéd =0 character.
1241, 2355, and 946 keV lines. The yrast character of thiShe parity of this state remains unknown.
sequence manifests itself also in its preferred population with The level at 3922 keV is connected to both the yrast 7
respect to any side structure in the present and previous irand 9 states via the 1488-867 keV cascade. The DCO ratios
vestigationg14,15. for both transitions are relatively low and indicate stretched
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FIG. 4. Time spectra of the 24@) and 571 ke\b) transitions, - 7+ 5+
which are situated below the previously known isomefictate at 5 - 4+ _4* —
817 keV. The spectra are gated with zergarticles and zero or o 2 4 .
one proton detected in ISIS, and they are in coincidence with the . 4+ 5+ 4
376 keV 5—3* transition. The light gray curves represent the ; 5 2 o 2 —F
prompt time distributions at the respectiyeray energy, and the 3+ —_
dark gray curves the result of least squares fits to the data. 1+ T o ot ot
0
0

avn  th 62
Al=1, mixedE2/M1 character, i.e., the spin and parity of exp th exp th *Zn exp th

BT —Qt
the 3922 keV §tate IE7=8". . i FIG. 5. Comparison of the experimentakp) and predictedth)
The two ratios of the 1166 keV transition, which depopu-q,e| energies iff2Ga for the odd-spifT=0 sequenceleft), the

lates the 4658 keV level, are seemingly consistent withsginieT=1 sequencemiddie), and the nonyrast statesght). For
mixed dipole or stretchede2 character. However, the completeness, the ground-state band®&n is included in the
R3s_9f 1166 keVj value lies on the low side of a possibly middie part. The predicted level energies have been adjusted ac-
stretchedE2 character, and yrast arguments clearly favor thesording to a binding energy shift of BES=-15 keV derived from
Al=1 option, i.e., we assign spih=8 to the state at the ground state and the odd-sfis0 states.

4658 keV.

The situation for the 4945 keV level is similar to the pre- malism [26], or the IBM-4 model[25] have been applied.
ceding 4658 keV state. The numbers of the depopulatinghere are two main reasons for the theoretical intefégta
1023 keV transition are, in principle, consistent witie9*  is an odd-oddN=Z nucleus and by such it may carry impor-
or I"=10" assignments, while th€'=9* assignment is more tant information on competingi=0 and T=1 excitation
likely due to the relatively smalRss_of 1023 keVj value and modes or, in more general terms, isospin effects. Second, it
yrast arguments. lies in the vicinity the doubly magic nucled&i. On the one

In Ref. [14] the 817 keV 3 state was found to be iso- hand, the seemingly small number of six valence particles
meric with a lifetime ofr=4.6(16)ns. The result was derived With respect to®Ni, three neutrons and three protons, im-
by applying the recoil distance decay technique. Figure #lies that already at medium to high spins the Séfti core
provides the results of a lifetime analysis using the time[28] may break. On the other handggl, intruder orbitals
spectra of the Ge detectors of GASP. The measured timepidly approach the Fermi surface once the nucleus drifts to
spectra(black in Fig. 4 of the 246 and 571 keV transitions Prolate deformation. Consequently, for a complete descrip-
are overlayed with the measured prompt time spectra at théon of ®“Ga a large model space including the fégi shell
respectivey-ray energylight gray curvesand the result of a and thegg, subshell is probably necessary, while any addi-
least squares fitting proceduggark gray curves The latter  tional experimental information offGa can serve to restrict
employed the prompt time distribution folded with an expo-the respective parameter sets. A fijigy, model space cal-
nential decay function. Combining the analysis of the 246culation is not yet available fof’Ga with the present-day
and 571 keV transitions a lifetime for the 817 keV &ate ~ computational limits. In this paper a spherical shell-model
of 7=5.839) ns can be derived, which is consistent with the calculation is presented in thxs/,gq/, valence space, corre-
previous number. The weighted average of the two measur&Ponding to a close#Ni core. We use the effective interac-
ments amounts ta=4.9}%) ns corresponding to a reduced tion from Ref.[14], which gave a very good spectroscopy of
transition strength oB(E2;3* — 1*) ~ 180? fm?*~ 13 W.u. Iow-lymg yrast st.ates irf’Ga. The single partlple energies
(W.u., Weisskopf unit from this interaction were borrowed from tRé&Ni spectrum

with the g/, value taken as 3 MeV. We use now the recently
measured value of 3.7 Mef29] and tuned the monopoles of
IV. DISCUSSION the interaction to keep th®Ga spectrum correct.
The results of the calculations are compared to the experi-

The previously known excitation scheme ¥6Ga[14,15 mental data in Fig. 5, which shows the respective level en-
has been subject to several investigations within differenergies. Tables Ill and IV provide the branchings ratios for the
theoretical approaches. For example, spherical shell-modg@lreviously known odd-spif =0 yrast sequence and the new
calculationd14,25,26 in the pfs,,09,» Space, deformed shell- part of the experimental level scheme, respectively. The pre-
model calculation$27], the cranked Nilsson-Strutinsky for- dicted branching ratios are based on the experimentally ob-
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TABLE lll. Measured and predicted possible branchings for yrast odd-Bpid positive-parity states in
62Ga. Predicted lifetimesy, are included for completeness.

Ex Tth B(E2)i, l; It E,? Pexp by,

(keV) (5] (e? fm?) (1) (h) (keV) (%) (%)
571 2.9 1 0, 571 100 100
817 6050 150 3 1, 246 100 100
1194 510 210 b 31 376 100 100
2434 1.4 190 7 5, 1241 100 100

1 5, 117 0

6, 60 0

4789 0.15 76 9 7 2355 792) 99

7, 1774 1

1 73 1297 0

8, 867 212) 0

8, 131 0

5735 7.9 81 11 9, 946 944) 59

140 9% 790 64) 41

10 790 0
6842 2.2 220 13 11, 1107 100 100

4Given as energy differences between the experimental levels. In case these are not known, the energies are
estimated using calculated and observed levels.
PTaken from Ref[15].

served level energies, and different options have been probatkcay pattern, which is completely wrotgj. Table 1V). The
if the spins of initial and/or final states could not be firmly 5; assignment can be rejected due to the predicted energy of
established. On the left hand side of Fig. 5 the odd-§pin that state, which is more than 1 MeV in excess of the ob-
=0 states are shown. Together with tHegbound state they served energyct. Fig. 5. An additional argument in favor of
give rise to a mean level deviation of 142 keV and a bindingthe present % assignment is the 934 keV decay from the
energy shift of —15 keV, which is used in Fig. 5 to adjust the2374 keV state, while the predicted mixing ratio,
calculated level energies. The very good agreement betwee#E2/M1)=-1.5, for the 622 keV 4— 3* transition pro-
experiment and theory is striking. The electromagnetic decayides a good explanation for its measugko- and Rss_go
properties of this sequence, which are compared in Table llivalues. Similarly, the 1180 keV *6-5" transition is pre-
are also in very good agreement. In addition, the predictedicted to be of almost pure, nonstretcHg?icharacter, which
lifetime of the isomeric 3 state, ,=6.05 ns, matches the also complies nicely with the experimental angular correla-
experimental value perfectly. It can be noted that the pretion and angular distribution measurements. While the agree-
dicted B(E2) values throughout the odd-spin yrast sequencenent for the decay pattern of the 2374 keV state is excellent,
are equal within a factor of 2, i.e., the isomeric nature of thets predicted energy is about 0.6 MeV too high, which is a
3* state simply arises from the small transition energy. mismatch similar to the above mentioned 3922 kéVekel.
The only real mismatch in the yrast cascade is found irOne possible explanation can be the missirfig,lone-hole
the decay of the 5735 keV 1istate. In experiment, the or two-hole excitations, which could be important in this
946 keV branch to the yrast $tate is clearly favored, while energy and spin regime.
the calculations predict a split into two almost equally strong  This problem also becomes evident by looking at the new
transitions into the yrast and yraré States, the energies of 2675, 3015, 3492, and 4658 keV states. No profound agree-
which are almost degenerate in the calculations. It is obvioument can be inferred between the observed and predicted
to associate the 4945 keV level with the yrafes®ate rather states and their decays. Energetically, the 2675 keV state is
than the yrast 10state. The latter is calculated at much too consistent with the predicteB=0 5; or €, levels. In terms of
high energy, and the predicted branching would varish  decay pattern, however, one would like to associate this state
Table Ill). Another transition, which is essentially missing in with the predicted lowest *6state, but this is already as-
the calculations, is the branch from the yrassgate into the  signed to the observed level at 2374 keV. The situation be-
3922 keV 8 state. The energy and the decay pattern of theeomes worse for the other three states, as the prediéted 7
latter are not described very satisfactorily eitiigee Table state is calculated at 4408 keV and thesgate at 5755 keV.
IV and below. There are, however, configurations of either parity, which
The levels at 1439 keV and 2374 keV can be interpretectan be expected relatively low in energy, but which are miss-
as the lowest Zand 6 T=0 states, respectively. For the ing in the calculations due to the restrictions in the model
1439 keV level a 3 assignment would result in a predicted space. The 7 configuration 7(1f7,) ™ X v(1f;,) "7, which
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TABLE V. Measured and predicted possible branchings for TABLE IV. (Continued)
nonyrast states if°Ga. For most of the states, several options are
presented corresponding to insecure experimental spin assignmergg el Tun 1t E,2 Dexp b,
or potential agreement between observed and calculated level enggey) () () ) (keV) (%) (%)
gies.
3; 690 2
Ex ey lin Tin 1t B bexp  bin 4, 934 233 21
(keV) # (%) #)  (kev) (%) (%) 4, 617
1017 2 2 1 0 1017 81 4 140 1
1, 446 100 19 o 1180 713 0
3, 200 0 61 0 4 934 233) 31
2, 0 0 1017 0 4 759 8
1, 446 100 87 4; 140 0
2, 62 12 51 1180 713) 62
3, 200 0 5, 121 0
1439 457 3 0 1, 868 5 2675 6 2 0 3 1858 19
2, 489 94 3, 1269 36
2, 422 0 33 1024 5
3, 622 100 0 4, 1236 36200 29
5, 246 0 4 873 0
4 0 2, 483 0 4 441 10
2, 422 16 51 1481 6420 0
3, 622 100 83 6, 301 0
3, 224 0 7 241 0
5, 246 0 53 0 3 1858 53
5, 0 3 622 100 93 3, 1486 0
3, 224 7 33 1241 20
5, 246 0 4, 1236 3620) 2
2234 4 0 2 1280¢ 0 4, 1090 13
2, 1217 11 43 441 10
23 823 19 5; 1481 6420 2
3, 1417 6Q15 61 52 275 0
3, 707 0 61 301 0
4, 794  4q15 2 71 241 0
5, 1041 6 61 0 4 1236 3620 34
4 1 2 1280 31 4, 1087 13
2, 1217 0 43 441 0
23 954 0 51 1481 6420 53
3, 1417 6@15 8 52 301 0
3, 839 10 7 241 0
4, 794  4@q15 36 6, 0 4 1236 36200 41
4, 443 15 4, 1064 58
5 1041 0 4 441 0
5, 0 3, 1417 6Q15 16 5 1481 64200 O
3, 1049 44 5 301 0
3; 804 4 6, 301 0
4, 794  4Qq15 12 7 241 0
4, 653 0 3015 6,7 6 0 4 1576 38
4; 389 23 4, 1397 62
5, 1041 0 4, 781
2374 6 5, 0 3 1557 22 5 1822 0
3, 1120 53 5 641 548) 0
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TABLE IV.  (Continued) =2 1017 keV state should rather be associated with the low-
estT=0 2" state(cf. Table IV). However, according to its
E, Hexp  lin Tin It E)? Bexp b Ras5_90 Value, the 446 keV transition is a rather pure dipole
(keV) # ) ) (keV) (%) (%) transition, which is expected for an isovectdd decay. On
the contrary, an isoscalai 2- 1* decay is predicted to com-
6, 340 489 0 prise a significant quadrupole admixture, which is not the
71 581 0 case for the 446 keV transition. For the 2234 keV level the
75 0 5 1822 37 5, possibility can be neglected, but the observed decay pat-
5, 641 58 tern fits about equally well the predictions for the=0 4,
5, 340 1 and theT=1 4" state. This implies that the two states either
6 641 548) 3 do not represent th€=1 states of interest, that these incon-
1 . . . . . .
6 340 468) 1 sistencies are due to restrictions in the calculations, or that
2 the states have negative parity.
i 581 1 At first sight it is somewhat surprising that no strong is-
3492 7 P 0 5 2299 9 ovectorM1 transitions are predicted between the even-spin
5, 1118 74 T=1 states and the yrast odd-sfir 0 states. Strong isovec-
55 817 5 tor M1 transitions are observed and predicted in the lighter
6, 1118 323 4 odd-oddN=2Z nuclei in thefp shell, for example, irfév
6, 817 7 [7,2] and *Mn [5,8], and reaching strengths up to
7. 1058 683 2 B(M1;1* —0%) ~4u in 5“Co [9]. Typically, theseM1 tran-
1 - . .
3992 g 8 0 6 1548 82 sitions dommate_the |s_oscalar_ stretc_hﬁdzz_EZ decays. _
! 1 From the theoretical point of view, this dominance has dis-
6, 1247 1 appeared foP’Ga, while the experimental results would call
63 125 0 for it, if the 1017 and 2234 keV states were interpreted as the
7, 1488 693 17 T=1 isobaric analog states. The stroMyl transitions in
7, 907 313 0 odd-oddN=Z nuclei can often be associated with quasideu-
75 430 0 teron configuration$33], which can be viewed as an inert
4658 8 8 0 6, 2284 1 even-everN=Z core w_|th one valgnce proton qnd one va-
6, 1983 97 lence neutron'occupylng the samel+1/2 orbital. It is
6, 861 demonstrated in Ref33] that theM1 strengths of the quasi-

0 deuteron states differ significantly from cases where the two
7y 2224 1 valence nucleons occupyja!-1/2 orbital. Here, the inter-
7, 1643 1 ference of the orbital and spin parts of thil operator may
73 1166 100 0 lead to almost vanishinl1 matrix elements®2Ga is situ-
8, 736 0 ated in the uppefp shell, where the dominant orbitals for
4945 9,100 9, 0 7, 2511 99 the low-spin excitations arep3;, (j=I+1/2) and I, (j=I
—-1/2). In the quasideuteron scheme particles in tipg,,2

Z ij:g (1) orbital thus favor strong isovectorM1 transitic_)ns
e 1023 100 0 [B(M1;1"—0%)=4.3u using Eq.(12) in Ref. [33]], while
81 87 0 particles in the 15, orbital suppress therfB(M1;1*—0%)

92 156 0 =0.02843 using Eq.(13) in Ref. [33]].

1

The predicted values of the present shell-model calcula-
3Given as energy differences between the experimental levels. [Hon areB(M1;1*—0%)=0.11u§. B(M1;2" —1%)=0.038
case these are not known, the energies are estimated using caldor the isovectoM1 transitions, which are close to the num-
lated and observed levels. bers of the 15,, case of the quasideuteron scheme. Only little
PAssumingE, (2}, T=1,5Ga)=E,(2,T=1,52Zn)=954 keV. additional 23, admixtures into the wave functions of these
states may drastically change thédé strengths, which sig-

is significant for the yrast 3420 keV Btate in°%Cu [6], and nificantly affect both the lifetime of the *1state and the
7 and 8 configurations of the type[m(1f;,)™"  branching of the 446 keV isovector*2-1* transition. To
X v(1gg/») 17,8 The rather isolated nature of the7 3492 and  check this, we have artificially lowered th®,, single par-
| =8 4658 keV states in the level schemé®@®a(see Fig. 1 ticle energy by 1 MeV to favops,, occupancies. The aver-
are candidates for such negative-parity couplings. In factage occupation number of this orbital is increased from 1.5
negative-parity states have been observed at comparable ax- 2.2. This causes a dramatic effect on the—10* and
citation energies in the two odd-odZ+2 neighbor$“Ga  2*— 1* transition rates, which are increased by more than an
[30] and ®°Cu [31,32. order of magnitude to 0.74, and 1.5:2, respectively. This

It is apparent from Figs. 1 and 5 that the energies of théndicates that our effective interaction does not reproduce
two candidates for th@ =1 isobaric analog states at 1017 sufficiently accurately the delicate mixing among thg,,
and 2234 keV are very reasonable. However, the branching,,,, andfs, orbitals, although the energy spectrum and the
ratios of both states are inconsistent. Based on these, ti&E2) values appear to be satisfactory. This also indicates
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that the relevant degrees of freedom for the description of theange E,~1 to ~5 MeV. It has been possible to present
low-lying states of®°Ga should be contained in our valence candidates for the *2and 4 isobaric analog states of the
space. We have also checked that particle-hole excitatioris,=1 neighbor®2zn. Clearly, more spectroscopic informa-
involving the f4,, orbital confirm this statement, as they pro- tion is necessary, for example, lifetime measurements, and
duce no increase d¥l1 rates. other reaction types have to be explored. Howeyemvy)

If one ignores the above mentioned issues and simplyeactions, which have successfully been used for detailed
considers the 1017 and 2234 keV levels %Ga as the low-spin studies of*®v [7], *®Mn [8], or %*Co [9], are at
T=1 isobaric analog states to the 954 keVahd 2186 keV  present limited toA=58, since®Ni is the last stablel,=1
4* states in%2zn, their Coulomb energy differences, CED nucleus.
=El724%%Ga) - El724(%?%Zn), would be positive. This is the ~ The restricted model space, namely, the neglection of ex-
normal situation seen for basically all known isobaric analogcitations from the 1;, orbit below the shell closure at
states of this type in medium-mass nuclei with the exceptiolN=2Z=28 due to computational limitations, could be one ex-
of "r, where the possible anomaly of negative CED valuesplanation for the rather poor description of a number of non-
has been associated with the closely lying proton drip lineyrast states in the spin range6 tol=8. In turn, the descrip-
[12]. tion of the yrast odd-spiTf=0 sequence is nearly perfect.
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