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The tantalum isotopes TR Rnd TR v&626 prodQced vlR the follo%1Ilg 16Rctlons:
Ho (C 6n)TR, Tb ' (0,4n)TR ", Ho (C vn)TR ', arid Tb ' (0, 5n)TR ' . The
half-life of Ta was determined to be 25+2 min and of Ta, 7+2 min. About 60 y
rRys were Rsslgned to the TR decay~ while in TR decay~ only the excltatlons of the
first- and second-excited states of Hf were observed.

In connection with the in-beam and out-of-beam
investigations of neutron-deficient odd-mass haf-
nium isotopes at the Yale heavy-ion accelerator,
the decay characteristics of the previously un-
known Ta'"'"' isotopes were established.

Ta"' was produced via two different reactions:
(1) Ho"'(C", en)Ta"' and (2) Tb'"(0" 4n) Ta"'
The beam energies used were 80 MeV for carbon
ions and 93 MeV for oxygen ions. The target
materials were thin metallic foils of Ho and Tb
with an average thickness of 3 to 4 mg/cm2. Fol-
lowing the irradiations (20-30 min) the tantalum

activity was isolated' by extraction from a 6-+
HC1 solution with 2, 4-dimethyl-3-pentanone(di-
isopropylketone). The y rays of Ta"' were stud-
ied with 2 Ge(Li) detectors (15 and 40 cm') and
a Si(Li) detector in connection with a model PDP-
8/I computer, programmed as a 2048- or 4096-
channel analyzer. Simultaneous y-energy cali-
brations were carried out (Co", Na", Cs"', and
Co' ), and the y-ray spectra were analyzed by a
sophisticated least-squares peak-fitting program.
The results are given in Table I. A half-life of
25+ 2 min for Ta"' was found from the decay of
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Errors in given y-ray energies are +0.1 keV.
bErrors of measured relative intensities are less than 10%.
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one more intense y rays. In order to establish
the correct mass assignment, Ho and Tb foils
were bombarded with different beam energies.
Comparison of these samples, the time depen-
dence of the intensities of the observed y rays,
and the growth of the known daughter products'
allowed a very reliable mass assignment.

Preliminary coincidence experiments (4096
X4096 channels) favor the existence of energy
levels at 49.5 (2 ), 141.8 (~ ), 258.9 (y ), 494.1,
506.4, and 1008 keV. Further coincidence stud-
ies are in progress in order to establish a more
complete level scheme of Hf"'.

In addition to Ta"', Ta"' was observed in the
same experiment, produced via the reactions
Ho"'(C" 7n)Ta'" and Tb'"(0" 5n)Ta'". The
2+-0+ and 4+-2+ ground rotational band transi-

tions in Hf'" were known from earlier in-beam
conversion electron studies. ' Here, the energies
of these transitions were determined as 100.9
+0.1 and 221.3+0.2 keg, respectively. The ob-
servation of these y rays decaying with 7+ 2 min
half-life adds strong weight to the assignment of
the activity to Ta"'.
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Elastic vr -C scattering is calculated with the Kisslinger optical model from 120 to 280
MeV. With parameters obtained from x -W phase shifts, general qualitative agreement
is obtained with the recent Binon et al. data. Modifying the parameters further improves
the fit.

%e have calculated g -carbon elastic-scatter-
ing differential cross sections at energies near
the 33 g-nucleon resonance using the Kisslinger
optical model. " Our results for optical param-
eters derived from two-body phase shifts agree
well qualitatively with the recent experiments

of Binon et al. ' at seven energies from 120 to
280 MeV. This contrasts to the large differences
between theory and experiment recently found in
pion double-charge-exchange reactions, 4 in the
production of C" by z' bombardment' of C",
etc.

Table I. Kisslinger model parameters. Units are F . "Free parameters" are those derived directly from x-N
phase shifts, while "Fermi averaged parameters" are corrected for nucleon motion. "Best fit" curves in Figs.
1 and 2 are computed with Fermi averaged b 0 values.
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