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The neutron-rich isotopes* ®'Ti and 58 %°Cr are produced by fragmentation of a 64.5 MeV/nucleon
85Cu?®* beam in a 90 mg/c °Be target. Following particle identification by energy loss and time of flight,
the radioactive decay was observed®gingles andsy-coincidence measurements. The results obtained for
58-680Cr are compared to previous results, whereas the decay of*théTi isotopes is studied here:-ray
intensities and energies are estimated. The new experimental results are compared to quasi-random-phase-
approximation prediction§S0556-28136)00212-9

PACS numbegs): 27.40+z, 27.50+¢, 23.40-s, 25.70.Mn

I. INTRODUCTION 1. EXPERIMENTAL SETUP

A. Production, separation, and identification

Intermediate-energy heavy-ion fragmentation has proven |p this experiment enriche8Cu has been used as a pro-
to be a promising and successful mechanism for the produgectile at GANIL. Indeed, from its position in the chart of
tion of new exotic nuclei which often cannot be achieved bynyclei, projectilelike fragmentation of this nucleus should be
means of fission or compound nucleus reactidng]. Inves-  well suited for the production of neutron-rich isotopes with
tigations of isotopes with masses 4B <80 located be- masses 58 A<60. For the experiment, the intense primary
tween stability and neutron-drip line are of special interes4.5 MeV/nucleon®®Cu?®* beam of~300 e nA onto a 90
since the surplus of neutrons is responsible for varying demg/cn? °Be target was used. The fragments were separated
formation exhibiting sensitive effects on the half-lives of with the doubly achromatic LISE3 spectrometel6,17]
these nuclef3,4]. (see Fig. 1 The target was mounted at the entrance of the

The isotopes® 5"Ti with neutron numbers 32N<35 LISE3 spectrometer, and beryllium was chosen to optimize
were investigated. As in the cases of calcilBy6] and chro-  the production of fully stripped ions.
mium [7,8], we expected a similarly striking decrease of In afirst attempt, the magnetic spectrometer was operated
half-lives when proceeding from the 32nd to the 33rd neuWithout any additional degrader in the intermediate focal
tron. On the other hand, the situation in titanium could bePlane. lons having the samk/Q ratio were analyzed by
similar to the one of neutron-rich sulphur and chlorine iso-the dipoles 1 and 2 at the same magnetic rigidities. Here,
topes with closed neutron shé&ll=28. An effect of decreas-
ing shell strength and the onset of collectivity were observed
for 44S[9].

Our results may be of relevance to the nucleosynthesis
origin of correlated Ca-Ti-Cr-Fe FURNraction and unknown
nuclear effectsanomalies in certain meteoric inclusions. For
a recent survey on the identification of such isotopic anoma- Wien-Filter

- radius of dipoles: 2m

- distance
target-detector: 44m

lies see, e.g., Ref10]. Theoretical attempts to explain the G JE '

occurence of the exotic abundances, including possible astro- # 9Be target Q(‘SS T gy

physical scenarios as well as nuclear-physics clues, can be 1 o d ":e‘f.":g"

found in Refs[11-15.
*Present address: P. Mer Scientific Computing and Graphics,

Inc., Los Alamos, NM 87545. FIG. 1. Schematic view of the LISE3 spectrometer with the
"Present address: Institut rfuTheoretische Physik, Universita Wien filter. Inset: detection system consisting of three Si detectors,

Basel, CH-4056 Basel, Switzerland. a BGO ring, and a Ge detector.
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Q denotes the charge statethe velocity of the fragments minum degrader in the intermediate focal plane. Thereby, an
after leaving the target, which roughly corresponds to theenergy loss approximately scaling with®/Z? was intro-
primary beam velocity, ané the mass of a fragment. The duced. The degrader thickness was inferred by analyzing the
identification was performed by means of time-of-flight andenergy loss of several charge states of the primary beam
energy loss analysis. passing the degrader. The second dipole was then set to a

The fragments were implanted into a three-member Smagnetic rigidity corresponding to the residual velocity of
telescope. The time of flight was given by the time intervalthe desired fully stripped nuclesee Table ). Only a few
between the energy loss sign&E of the heavy ion, mea- other isotopes also reached the final focus as shown in Fig. 3.
sured in the first 30@sm Si detector, and the radio- In the two latter settings of Table |—corresponding to higher
frequency signal of the cyclotron. An energy loss vs time-of-fragment velocities—an additional 2Q0m Al foil was
flight plot is shown in Fig. 2. Subsequently, a calibration of mounted between the first and the second Si detector to make
the fragment identification according to the element numbesure that the fragments were stopped in the strip detector.

Z and theA/Q value was given from the position of the not ~ Figure 3 shows the energy loss of the fragments as func-
completely stripped priman?®Cu?®" beam. For identifica- tion of the time of flight for one of th@p settings. Similar
tion of the charge state, an additional measurement of thdisplays were obtained in the two other runs with different
residual energy of the fragment in the implantation detectoBp values(see Table)l For each run, the time of flight was
was necessary.

The nuclei were implanted in a 5Q0m Si(Li) detector,
consisting of 12 adjacent horizontal strips. Each strip
(24%x2X0.5 mm was operated with two amplifier chains,
one for high-energyheavy iong, and one for low-energy
(B particleg signals. A third 300Qwm Si(Li) detector was 400
used as a heavy-ion veto apddetector.

In a second setting of the spectrometer, the variety of
detected fragments was reduced using a 220)5um alu-

450 FT T T T T

59Cr

350

TABLE I. Experimental parameters used for the measurement
of Ti and Cr isotopest, is the time ofg counting during which the
beam was switched offl; is the total length of the measurement. 300 ©
For eachA/Q value, we have optimized the transmission of one
isotope.

energy loss [MeV]

250 & L

AIQ Optimized  Bp); (Bp) » tp Tiot 480 470 480 450 440 430

(u/e) isotope (Tm) (Tm) (s (h) time of flight [ns]

2.48 Y 2.7060 2.5800 2.0/3.3 3.2/10.3 FIG. 3. Energy loss vs time of flight of investigated nuclei. The
2.52 535¢ 2.7652  2.6511 33 10.0 LISE3 spectrometer with a degrader in the intermediate focal plane
257 545 2.8190 2.7052 1.6/3.3 20.2/2.3 was optimized forA/Q=2.52 (see Table )l Titanium and chro-

mium isotopes are marked.
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with standard source$qNa, 1°*'C9), actual values of the full

L | | i I
125 + - energy efficiencye, and of the total detection efficiency
(a) €0t Were derived to be 0.78) and 0.7%3) at 400 keV,
100 - i 0.653) and 0.703) at 600 keV, 0.483) and 0.5%3) at 1
MeV, and 0.383) and 0.513) at 1.5 MeV.
2 95 L chromium | In the energy range between 0.2 and 1.5 MeV, the aver-
§ aged total y-detection efficiencye,,; was 664)%. Conse-
© so | i quently, theB+vy-coincidence efficiency was 1)%. Since
the BGO detector resolution and gain are temperature depen-
dent[20], the system was stabilized at 18 °C. For each of the
2 w 1 BGO segments a FWHM resolution of 120 keV and 230 keV
. | ;fl “\ | )\/I‘[qu 1 was obtained for 662-keV and 1275-keMadiation, respec-
56 57 58 59 60 61 62 tively. , ) , L
mass [u] After implantation and identification of a fragment, the
T T T T T ®5Cu beam was switched off for the intertgladapted to the
300 | . half-life of the 8 decay under investigation. The data acqui-
(b) sition of decay events was performed during this period.
250 i - Each detector signal was tagged with the clocktime subdi-
() titanium vided into 1-ms intervals by making use of two timing-scale
£ 200 = N modules. The increment of the scalers was 1 ms and 4096
§ 150 L ‘nJWI | ms. PromptB+y coincidences were measured with a time-to-
Jl amplitude converter using th@ signals as start and the sig-
100 ‘ . nal of any of the BGO segments as stop.
50 - 7 Ill. BACKGROUND DETERMINATION
0 ol L L 4 Lo As can be seen in Fig. 3, about 10 parent isotopes were
52 53 54 55 56 57 58

mass [u] detected for eacBp setting. Each implanted fragment was
identified and it§3 decay measured. The background in each
FIG. 4. Mass distributions comprising the total counting statis-Strip is caused by the decays of the daughter activities of the
tics of (@ chromium and(b) titanium isotopes. Safe limits were implants. During the experiment, a constant background rate
used to separate the isotopes from each other. is expected at a nearly stable beam current after a short in-
terval in which the radioactive equilibrium has been estab-

converted into mass numbér of the chromium and of the . S X
R o lished. Our background determination is based upon this as-
titanium isotopes. The sum of the mass distributions of chro-

mium and titanium isotopes under investigation are given ir]s_umptlon. Another small cont_rlbutlon may come from long-
Fig. 4. ived decay products of the implants of the many isotopes

detected in the earlier calibration rdsee Fig. 2

After implantation and identification of a fragment three
strips were chosen fg8 detection, namely the implantation

The detector system is depicted in Fig. 1. The three Sstrip plus the two neighboring detectors. The other nine
detectors were used for fragment detection and identificatiorstrips were used for background counting during this mea-
The second detector, having 12 strips, and the third one werguring periodt,. The next implantation may take place in
also used for measuring particles emitted from the im- another strip. Thus, the role of the strips to measginear-
plants. Electron detection was achieved starting 10 ms afteicles and background may change with each implantation.
the (more than 1000 times largeheavy-ion energy signals During an experiment lasting several hours it was counted
for time intervals oft,=1.6, 2.0, or 3.3 ¢see Table). Due  how often each strip detector was used foray (plus back-
to the detector geometry and the small energy loss of thground measurement, and for background counting only. In
electrons in the detectors, an average detection efficiency dhis way, for each strip the number of background events and
26(1)% was obtained. This applies for the detection of their energy distribution was normalized. The background is
nuclei with Q4 values between 4 and 10 MeV. larger for the strips positioned in the center of the beam spot

The Si detectors were surrounded by eight®&;0,, than for those at the edges and roughly scales with the num-
(BGO) crystals in a nearly # geometry. As compared to this ber of implants.
BGO ring, the detection efficiency of the double-crystal Ge The third detector was also used f®rcounting. Its back-
detector was smallsee inset of Fig. 1 B-delayedy rays ground was measured during the short beam-on periods of
were measured by the eight separated BGO segments of thiee °Cu beam, i.e., after tht, counting periods and before
ring. In this arrangementy-ray summing can be neglected. the implantation of the next fragment. Here, the total time of
The well-known efficiency values of the BGO rif8—20  the background measurement was normalized to the sum of
could not be reached, due to a threshold inyrepectrum of  the 8 counting periods.
about 200 keV which was necessary to suppress x rays The background oB+y coincidences in Fig. 5 is measured
caused by the Wien filter. In accordance with a calibrationcorrespondingly by registering the coincidence events be-

B. Beta and gamma-ray detection
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FIG. 5. Half-life spectra of* 5Ti. The solid lines correspond to the data fits. The background is given by dashed lines and in the case
of 55Ti and ®'Ti the dotted lines mark the activities of the daughter nuclei on top of the background. The dash-dotted (freghjn
correspond to the decay of the implant&PTi plus background. The data points of the spectra are plotted at the end of the integrating
periods.

tween y radiation and the background of th# detectors. B radiation. The data points of Fig. 6 were fitted using the
Similarly, the energy distribution of the background as givenknown BGO response function to monoenergstiays, i.e.,

in Fig. 6 was derived by gating the spectra with the full energy and Compton peaks. For the decay of each iso-
B-ray background. tope the feeding of excited states and of the ground state in
the daughters was derived by comparing the total number of
B-ray singles and of3y coincidencesFig. 5). The relative
feeding of the excited states was taken from {hay spec-

The particle stability of neutron-rich titanium isotopes tra in Fig. 6. These data are contained in Table III.
was demonstrated earli€21,22. The g half-lives and in-
cipient structure measurements, however, are reported for the A. The new isotopes®~57Ti

first time.
This half-life determination made use of the multistrip Si  For even-everP*Ti, the half-life analysis was performed

detector to measure both the fragments and the backgrour@r S-ray singles in time intervals df,=1.6 [see Fig. %a)]
decay. The decay curves are given in Fig. 5. The novefnd 3.3 s[see Fig. 8)], and for By coincidences in the
method was tested with previously known chromium iso-interval of 1.6 see Fig. &c)]. The results are in good agree-
topes and then applied to the measurement of unknown halfent, and their mean valug)$'=1.5 (4) s is given in Table
lives of neutron-rich isotopes. Our analysis made use of thdl. For this analysis the activity of the 49.8%V daughter
Marquardt-Levenberg methd@®3] where the uncertainties [24] is negligible. They-ray spectrum given in Fig. (B)
of all the parameters are incorporated in the errors of thenight indicate ay line at ~0.9 MeV and possibly some
half-lives. The new half-life values are given in Table Il.  y-ray strength below this energy. Within the experimental
All the y-ray spectra were measured in coincidence withuncertainty no difference between the numbepef coinci-

IV. HALF-LIFE AND y-RAY MEASUREMENTS
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dences andB-ray singles was observed. The intensity For the analysis of thé®Ti half-life we took into account

which is feeding states below 0.9 MeV is smaller than 30%the growth and decay of the®V daughter. The latter decay
The 8 decay of the isotop&*Ti might feed low-spin states in  has been measured recently wit$(°%v)=233 (20) ms
>4/, Presumably for this reason we do not observejtiiays  [28]. The decay curves are depicted in Figé) &nd 5g).
of the in-beam reactiot®CaCBe, 2npy) >*V [25]. The half-life T{2(°°Ti)=0.15 (3) s has been derived from
For °°Ti, the half-life results are given in Figs(@ and  the two measurements and is given in Table II. Adopting the
5(e). The measured values show good agreement, and thecent resulT&P(%%v)=0.30(3) s of Ref.[27], the growth-
mean valuel§¥'=0.60(4) s has been derived and is given in and-decay analysis fd¥Ti has been repeated increasing the
Table Il. The comparison of the number gfy coincidences  56Tj half-life to the value 0.173) s, quite within the margins
and g singles gave a ground-state—to—ground-state feedingf our experimental error.
of 60%. According to Fig. &), the twoy rays of 0.3and 0.7 The y spectrum in Fig. &) shows unresolved intensity in
MeV have similar intensities. In addition, the number of 3 broad energy range. Using our results for shdecay of
counts in eachy peak corresponds to the total number of 56y [29], we estimated about half of therays of Fig. 6d to
By coincidencegsee Fig. %)]. Consequently, the twey  belong to the®Ti parent, the other half to th&% daughter
rays very probably follow in cascade, as given in Table ll.decay. Comparing the numbers &fTi B singles and
For the half-life measurements the grow-in of ft% daugh-  gy-coincidence events it can be concluded that excited states
ter activity with T;,=6.54 s[26] could be neglected. Our in the region of 0.2—0.8 MeV are fed in about 40% of all
%5Ti half-life measurement can be compared with recent valg decays. As in°*Ti 3 decay, a direct ground-state feeding
ues from high-energ{®Kr fragmentation studies which give can be excluded. Therefore, the residgaktrength might
a smaller value of 0.314) s [27]. feed low-lying excitation states irfV.

TABLE Il. Comparison of experimental half-liveE; ' and calculated vaIue‘E‘lr}z. For each isotope two
QRPA calculations were performed using the deformagiprierived from the ETFSI model for the parent
nucleus and the deformaticn’j derived from the FRDM model for the daughter nuclésse text Experi-
mentalQ, values were used.

Isotope T (s) Q; (keV) €5 THE (9 €h T (9)
54T 1.5(4) 4280(160) 0.019 305773 0.158 10.2+23
S5Tj 0.60(4) 7440200 0.019 0.127°5515 0.158 0.752" 5358
56T 0.1503) 7030330 0.019 0.515' 9138 0.167 0.465 3139

STi 0.05620) 11020950 -0.074  0.0361°9%216 0167  0.0420°092%1
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TABLE Ill. Decay characteristics of* >Ti: B-ray feeding in- V. DISCUSSION

tensity 15 for the level at excitation energf in the daughter
The results of these measurements can be compared to

nucleus.
model considerations. If iR*Ti decay the®" ground state
Isotope | g (%) E (MeV) is not directly fed(see Table I}, this will be in the line of
o 9020 090 the adoption of a two-quasiparticlév. ground state,
557 60(10 Qs 7f1oQ v35. This configuration may only give rise to spin
3519 L 0(2> yalgeszZ*. In the B decay of %V the spin 3" was also
5 3) 1'3(1) indicated[24,25. .
567 40 0.2-08 In the decay of°°Ti our y-ray data suggest a more com-

plex decay. For thé®V daughter, a ground-state spin in the
interval 3/2° <I"<7/2~ was discussef5]. If for °°Ti we
adopt the spin 3/2 as it is mainly found in the other odd-

A N=33 isotones, a direct feeding of téV ground state

can be expected for ground-state spins14® 5/2~. The

55Ti decay which is followed byy rays may feed excitation
states in®V having similar spin values. Besides the ob-
servedBy coincidences, as given in Table Ill, unobserved
branches cannot be excluded because of the very large
**Ti-Qg value.

Within the limited statistics of the present experiment the A detailed structure calculation was then performed using
half-life of 58Cr was found to be in agreement with the morethe quasirandom-phase approximati@@RPA model by
accurate previous resuf30]. Spin values of theMn  Moller and Randrud35] to calculate Gamow-Telle(GT)
ground and isomeric states have recently been reyzgd ~ Strength functions ang intensities and finally3-decay half-
The 0 ground state irf®Mn decays with a 3-s half-life. The lives for the titanium isotopes. In this model, Folded-
decay measured in our experiments could be fitted with a 6-§ukawa wave functions and single-particle energies serve as
parent, and 3-s daughter decay component. the starting point to determine wave functions of the Ti par-

For 5°Cr, decay curves were measured fsingle events €Nt ground states and V daughter ground states and excited
and 8 coincidences. The result is the half-life 0. s. In ~ States which are considered here. Pairing is treated in the
our analysis, the 4.6-s activity d®Mn [32] was neglected Lipkin—Nogami_ approxime_ltion._ Within thesg calculations it
since it caused only a minor correction in the 1.6-s measur¥@s only possible to use identical deformations for both par-
ing interval. The present measurement of isotope-separatéd!t @nd daughter nuclei. In order to demonstrate which of the
nuclei gives a higher accuracy than that obtained earlier fronfVelS may be involved in the GT decays of the=32
mass-separated samp|&8]. For this isotope, 1239-keV and neu'Fron-rlch titanium -isotopes, Fig. 7 gives the single-
112-keV y rays with the relative intensities 1.00d) and particle energies of°Ti as function of the nuclear deforma-

- L o tion.
0.082) have peen reporteid4]. Within .the “m'teq statistics The nuclear ground-state deformations are calculated with
and y resolution of the present experiment opdine at 1.2

MeV learly identifi Fi recent microscopic-macroscopic mass models, namely the fi-
eV was clearly ident Iec{see_ ig. 6a)]. nite range droplet modelFRDM) [36], and the extended
In an earlier experiment oA=60 nuclei performed atthe  1homas-Fermi with Strutinski-integrdETFS) model[37].

GSI mass separator half-lives of 0.8) s and 51(6) s were

! 609 ; The results for the titanium isotopes obtained with the ETFSI
observed and assigned ¥Cr and ®®Mn, respectively{34].  model are the deformation value§, and the values), for

As expected, in that multinucleon transfer reaction the proyne vanadium isotopes, obtained with the FRDM model.
duction of the further-from-stability°Cr was by more than 1 These disagreeing deformation values are given in Table 1.
order of magnitude smaller than that ®Mn [34]. Inalater  They were then used in the QRPA calculations. The GT
experiment investigatingA=60 samples at the GSI mass strength functions ang3-ray intensities were derived by
separator doubly ionized®In nuclei were detecte31].  means of the experiment& ,; values[38]. Half-lives were
This gave cause to question the earlier assignment. In fact, dalculated for both nuclear deformatioa§ and eg and are
the earlier measured 51-s activity stems from the isomerigiven in Table Il. The errors of the half-life values corre-
indium decay only, then the 0.57-s component would alsaspond to the error margins of the experimer@y values
have to be reassigned and it might belong?tin. only. The influence of first forbidden transitions could be
In the present measurement isotope separif€d was neglected. This was checked by adding the strength from the
investigated and @ half-life of 0.51 (15) s was obtained. gross theon|39] to the allowed strength which resulted in
This result supports the earlier assignment of Red]; thus B half-lives which were by 2% smaller. In Table IV the
the long-lived 8®Mn daughter activity can be neglected in calculated level characteristics, level energies Aridedings
the present half-life analysis. However, if the isomeric 3 are given. In Fig. 8 the results of th@-ray transitions are

The distribution of the>Ti B-decay events indicates a
small half-life [see Fig. #h)]. In this analysis the 330-ms
half-life of the >V daughter decay28] was taken into ac-
count. The result is the half-lif@$/5'=56 (20) ms which is
given in Table II.

B. Remeasurement of°®=6%Cr

state of ©*™"Mn (T,,=1.77 9 is fed in 100% of the®’Cr B
decays a growth-and-decay analysis yields(®°Cr)=0.47

shown obtained with the prolate deformatieh from the
FRDM model. A compression of the abscissa into 0.25-MeV

(15) s. This value is still in agreement with the earlier value sections was done and the summgdtrength of each inter-

0.57(6) s[33].

val is presented at the position of the central energy. As can
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FIG. 7. Folded-Yukawa single-particle level schemes¥aii protons and neutrons as a function of the deformaggnThe full lines
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are the magic numbers for spherical and for finite deformations. The paramhgtargia,, as well as\, and g,, describe the depth and
the shape diffuseness of the Folded-Yukawa potential.

be seen in Fig. 8, the expected decays are proceeding tbheory for prolate nuclei but rather reflected in the calcula-
low-lying daughter states. tion for nearly spheroidal nucléTable V). In °°Ti B8 decay,
For 5°Ti, we find an agreement between the experimentatwo y rays of 0.3 and 0.7 MeV with comparable intensity
half-life and the value calculated with the FRDM model, follow in cascade. Because we did not measutecoinci-
while the half-lives calculated with the ETFSI model are toodences, this should be verified.
small. In the >°Ti decay the feeding of one or two excited  The experimental half-life of’Ti agrees within limited
states is indicate(see Table IlJ. The calculation gives low- accuracy with the calculation for slightly oblate and small
lying one-quasiparticlé1QP states(see Table IV and Fig. prolate nuclear shapdsee Table ). The arbitrary assump-
8). These are low-spin states fed in allowgdl decay tion of a larger deformation would result in a longer theo-
branches. The measurement indicates intense ground-stateetical half-life. The low counting statistics prevented the
to—ground-state decay which is weakly indicated by theobservation ofy rays in °>'Ti decay. According to the calcu-

TABLE IV. Calculated levels inV isotopes and their GT feedings according to the QRPA th¢d%). The QP configurations at
excitation energyE are populated with intensitids; relative to the number of titaniung decays. Only strong branches are listed. The
results are given for the values of deformatignand €5 , as listed in Table II.

E F
Daughter © ©
isotope QP config. E* (MeV) I 5 (%) QP config. E* (MeV) |5 (%)
sS4y 7 [330]1/2” @ v [301]1/2™ 1.05 28.4 7 [321]3/2” @ v [310]1/2™ 0.14 15.3
7 [303]7/2” @ v [303]5/2~ 1.13 55.0 7 [3213/2" @ v [321]1/2~ 0.61 10.9
7 [312]5/2” @ v [312]3/2~ 0.77 39.2
S5y - [330]1/2 g.s. 63.1  [330]11/2 g.s. 3.9
7 [321]3/2~ 0.02 36.6 7 [321]3/2~ 0.05 25.6
a [312]5/2~ 0.60 65.7
56y 7 [330|1/2” @ v [301]1/2" 0.68 314 7 [321]3/2" @ v [310]1/2~ 0.23 10.0
7 [303]7/2” @ v [303]5/2 0.75 62.6 7 [321]3/2” @ v [301]3/2™ 0.40 15.6
7 [312]5/2” @ v [301]3/2~ 0.77 24.6
7 [321]3/2" @ v [321]1/2~ 1.34 29.6
Sty 7 [301]3/2~ 0.30 29.6 a [330]1/2~ g.s. 3.9
7 [301]1/2~ 0.40 57.8 a [321]3/2~ 0.40 21.7

7 [312]5/2" 0.48 58.8
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FIG. 8. Calculated Gamow-Teller strength functions ghithtensities as function of the excitation energy F8Fi (left top), 5°Ti (right
top), °Ti (left bottom), and ®"Ti (right bottor). The deformation parametes5 are usedsee Table Il. The strength is summed in 0.25-MeV
intervals(see texk

lation the situation should be similar to the one>fi de- g feeding of these configurations were derived as given in
cay. A reinvestigation ofTi would also be of interest be- Table IV. In addition, for both isotopes and prolate deforma-
cause the calculation gives a small branching3edielayed  tions €, the expectegs feeding of the ground states is much
neutron emission oP,~0.6% for the deformatior, . less than 1%, which is in agreement with the experiniseé

In 5*5Ti decays the experimental half-lives cannot beabove. The experimental 0.9-Me\y ray of %*Ti and some
reproduced by the calculation witslf or eg deformations. In  y-ray intensity at lower energlsee Table Il and Fig. ®)]
fact, the small experimental half-life GfTi corresponds to a might be correlated withy transitions of such 2QP states as
logft value <4, while the calculated decay branches havegiven in Table IV. The same holds for therays of °°Ti.
logft~5. The energies of 2QP states were calculated and the In the 5°Ti decay 3 transitions to the®®V excited states
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are experimentally indicatedee Table Il). The calculations into account a change of the nuclear shape between parent
for both values of deformation do not exhibit agytransi- and daughter nucleus are required.
tion to the %% ground state.
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