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In a systematic investigation of the electromagnetic structure of Hafnium stable
isotopes enriched targets of 176'177>178>179>180Hfwere Coulomb excited using:

• 67MeV J 9F beam from NBITAL FN Tandem,
• 125MeV 32S beam from MP Tandem in Accelerator Laboratory LMU and TU,

Munich [1],
225MeV 58Ni beam from NBITAL FN Tandem plus 2 Liniac boosters complex.

Thin HfO2 targets about 300 ug/cm2 thick evaporated on 18 ng/cm2 carbon
backing were used. 19F and 58Ni COULEX experiments were performed using new
highly efficient PIN-diode detector array [2] mounted into NORDBALL setup
consisting of 19 standard germanium Anti-Compton Spectrometers and CLOVER
detector without shield placed at the angle 79 deg.with respect to the beam direction.
Scattered particle-gamma as well p-y-y coincidence were registered. BaF2 inner ball
was used as additional time reference.

On-line analysis of experiments with the fluorine beam showed that known [3, 4,
5, 6, 7] levels in ground state bands were populated up to energy of about 1.5 MeV.
The excitation of first levels in several side bands was also observed in all measured
hafnium isotopes.
Because of apparent physical interest special attention was paid to gather a high
statistics in 176Hfand 179Hf.

In Fig.l on-line Doppler-shift corrected y-spectrum emitted after Coulomb
excitation of 176Hf (enriched to 65%) by 19F is shown. Broad peaks are the results of
reactions on carbon or oxygen contained in the target. Those nuclear reaction
products have strongly different velocity then 176Hf target recoil nuclei. Such effects
will be later reduced affer proper off-line p-y time gating. A further simultaneous



analysis of Coulomb excitation cross section as a function of scattering angle of l9F,
32S and 58Ni projectiles should be sufficient to deduce reduced probabilities of E2
transitions in ground state band. Additionally we hope to deduce B(E2;0+

2—>2+
ground),

B(E2;2+
y ->0+

grom<d as well as B(E2;0+
2->2+

y). The latter value could be deduced
due to small energy difference of 0+

2 and 2+
y levels. It increases the probability of

COULEX excitation on the contrary to E2 decay probabilities. Such direct measure of
0+2 and gamma-band E2 coupling will be the important experimental factor needed in
the discussion about the controversial nature of bands [8, 9].

The determination of transition probabilities in low energy part of known level
schemes in Hfs' isotopes is the main goal of presented experiments. But preliminary
results from on-line analysis show that assignment of new states in 179Hf level scheme
is possible. The cascade in ground state band observed in Coulomb excitation with
58Ni beam is shown on Fig. 2. Taking into account on-line p-y-y data allowed to extend
the ground state band in 179Hf for at least 2 levels in comparison to previously known
level scheme [6]: 1349 keV (23/2+) and 1623 keV (25/2+). It indicates that COULEX
is the only experimental technique which allowed to populate high spin states in this
nuclide as one can not reach 179Hf by heavy ion compound nucleus reactions.

Presented work was performed by Polish-German Coulex collaboration in series
of Coulomb excitation experiments on NORDBALL setup. Besides of Hf isotopes
231pa and 180ja w e r e investigated using 260MeV and 225MeV 58Ni beam. Also 238U
was measured on 70MeV 16O and 140MeV 32S beams. Off-line analysis of these data
will be performed by German collaborators.
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