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1. Physics:
' a. Deformation behaviour in the region with N<82
as compared with the region with N>82. The influence
of the sub-shell closure at Z=64 on this behaviour.
b. Strange jump of the charge radii of Yb isotopes
at N=82-84: does it really exist?
- 2. Experimental method:
| resonance ionization in ion source — target device;
brief description, improvements, possibilities.
o 3. Conclusions:
W ow Results.
What has to be done?
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Changes in mean square charge radii
of the rare-earth isotopes near N=82
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According to G. Sprouse et al. data (1990) the behaviour of the charge radii of Yb
isotopes with N=82—-84 differs noticeably from that of all other adjacent elements. These
data are complemented by our result for 1°3Yb (N=83).
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Experimental set-up
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Eu Gd

ionization scheme ionization scheme
ST 1 TN —

555 70 nm 613.650 nm

557.27 nm 597.640 nm

576.52 nm 569.622 nm

The nuclides under study are produced in the target of the mass-separator by 1 GeV
protons of the PNPI synchrocyclotron. The atoms are thermally released from the target
material (tantalum foils of 20 um thickness) and irradiated by three beams from pulsed
dye lasers to provide multistep resonance ionization of the atoms under investigation.
The radioactive ions after their mass-separation and implantation into a moving tape
collector were identified by the detecting of gamma or beta radiation or by the channel
electron multiplier.



Reference chamber

Laser beam
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A part of the scanning laser radiation is directed to the Fabry-Perot interferometer (free
spectral range 5 GHz) to produce the frequency marks for frequency scale calibration.
Another part of the laser beam is used in a reference chamber to provide a reference
spectrum from the sample of stable isotopes for the isotope shifts measurements.



The dye lasers are pumped by three copper vapour lasers (repetition rate 10 kHz,
power 10-15 W).
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The radiation frequency of the two broadband lasers (bandwidth 30 GHz) are fixed
according to the second and the third transitions. The wavelength of the narrowband
laser (bandwidth 1 GHz) is scanned across the first transition. Power of the dye lasers is
from 0.25t0 1 W.




Saturation of the autoionization step

for Yb (581 nm)
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Scheme of the resonance laser ionization
Inside the laser ion source (LIS, left)
and the laser high temperature target (LT, right)
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The newly developed target was specially designed for production of
elements with long sticking time such as Gd to exclude “cold spots”
which sometimes exist at the places of the target — transfer tube — ion
source connection.



Optical spectra of *#4Eu
with and without the axial magnetic field
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A strong axial magnetic field effect on the ionization efficiency is explained by the trap-
ping of ionized atoms in electron beam compressed by the applied axial magnetic field.
Selectivity increases from 0.75 to 1.0 while the efficiency rises nearly twofold when the
magnetic field is switched on.



Experimental optical spectra of 44Eu
obtained with time gate off and on
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Photoions are proved to be bunched in the time interval with the starting point at 35 us
and the ending point near 70 us after the laser impulse. To improve the selectivity the
corresponding time gate has been used for the on-line measurements of the isotope
shifts for 137-144Eu. This leads to the increase of selectivity from 0.4 to 1.0.



Experimental spectra

of the Eu isotope chain
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Comparison of the 4,,; , experimental dependence
and Hartree-Fock calculations with SkM’ forces
for the neutron deficient Eu isotopes
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For 13’Eu the agreement of the experimental and theoretical data can be obtained only
with the rather artificial assumption of the negative deformation with the closest to the
Fermi level proton state with £27=11/2- being blocked by the odd proton. Otherwise the
same jump of the deformation arises as in the microscopic-macroscopic calculations.



Changes of mean-square charge radii &r#, ;,,0f Gd nuclides with 1=11/2
as compared with data for Eu (Z=63) isotopes (78<N<82)
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The deformatlon for Gd isotopes rises with the decrease of the neutron number from
N=82 to N=79 even faster than for adjacent Eu isotopes with the same neutron number.
Therefore there is no indication on the stabilization effect of the proton sub-shell Z=64

near the neutron sub-shell N=82.
R IR ST . k. - O™ W LN



54 56 58 60 62 64 66 63 70
Proton number Z




1.

Conclusions and outlook

Resonance ionization in the ion source / target gives the opportunity to measure
isotope shifts for isotopes very far from stability. Some improvements (application of
the axial magnetic field, time gate, laser target) enable to increase the efficiency and
selectivity. Combination of registration modes by y-, B-, a- or ions detection
significantly enlarges the region of applicability of the method.

The results obtained point to the absence of the deformation jump for rare-earth
isotopes with N<82 in contrast with theoretical predictions. It is necessary to continue
the investigations for lighter Eu, Gd and Sm isotopes to draw definite conclusion. It
can be accomplished at ISOLDE which provide bigger yields for these isotopes than
IRIS.

There is an indication of the “normal” behaviour of the charge radii for Yb isotopes
with N=82—-84. The interesting question is, whether the well-known shell effect in radii
exists for lighter Yb isotopes. The investigation of this effect for nuclei very far from
stability can give the insight to the maintenance of the neutron magic numbers near
the proton drip-line.



