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1 Inmtroduction

3 decay plays an important role at various stages of the stellar evolution and in
many nucleosynthesis processes, as the high energy 7 decay of very-neutron-rich nuclei
synthesized by the r-process (1}, and the S~ transition between low-lIying levels of heavy
nuclei under less explosive stellar conditions such as are realized in the s-process (1).
The results or the methods themselves of the theoretical calculations of such process
rates are still in controversy mainly because of our lack of precise knowledge about
[-strength functions. Such knowledge for neutron deficient heavy nuclei will also be
requested in studies of the rp-process. In other words, a global knowledge of the S-
strength distribution over a wide range of energies is primarily required but not yet
achieved up to now neither theoretically nor experimentally. Moreover, because of the
high temperature that almost completely strip off the nuclei new decay modes arise as
the Bound S decay (2) (b8), a B~ decay where the ejected electron ends up in an atomic
bound state instead of the continuum as is the case in the usual §~ decay (¢8). The
two decay modes do coexist all the time such that the probability of A~ decay should
be reformulated as the sum of these 2 branches Ag = A + M. Next to the energy

GEE, Planckstr. 1, D-64391 Darmstadt, Germany. httpe/ forwrw.gelde



dependence, the branching ratio (Ass/A.5) depends also on the charge state, and varies
from 0 in neutral atom up to many orders of magnitude in the bare ion (3; 4). This
induces a dramatic change in the lifetime of the isotopes of concern as was observed in
the case of '*Dy (5) and the cosmochronometer ¥'Re (6).

In the AT decay rate, besides the enhancement due to the -value increase, the
effect of the disappearance of the total electron screening was estimated (7; 4) to some
percent only due to the weak part of the screening induced inside the nucleus. Exper-
imentally the behaviour of the ST decay versus the charge state dependence is also
questionable as far as the electrons close to the nucleus may have indirect implication
in this process (8). The electron capture (EC), however, simultaneously depends on the
number of electrons in the vicinity of the nucleus and of the electronic wavefunction at
the nucleus. These 2 parameters evolve in different and opposite way, and the charge
state dependence of the EC decay rate as well as the branching ratic EC/ g* | lack
data.

In all the experimental systems studied so far only bare ions or quasi/neutral atoms
were used. However, e.g. in the stellar media like under plausible s-process conditions,
the ionization of the heavy atoms concerned is expected to be incomplete. This neces-
sitates, at least in the studies of S-transition at low energies, a detailed treatment of
various ionic states. Indeed, a few theoretical attempts have been made in this direction
but their results are either highly questionable (9) or not verified experimentally (4).
Moreover a new phenomenon may rise in the H-like systems where one can expect a
coupling between the electron spin and the nucleus spin as was already seen in the case
of internal conversion (see e.g. (10)). This would change significantly the lifetime and
would lead to new selection rules.
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We propose to study the f-decay ( §~ , bound B~ , B% , EC) to evaluate the
strength parameters as well as the charge state dependence of the branching ratios in
«e case of bare, H-like, He-like, and Li-like ions while measuring the nuclear lifetimes.
o the Ti-like ions, the decay rate is very close to the rate in the neutral atom, and
3 e used to recalibrate the systems. These measurements will be performed in
1g Schottky spectroscopy with electron cooled ions (11). The isotopes of
sroduced by projectile fragmentation, in-flight separated by the FRS and
: ESR. The projectile fragmentation cross section of a mbarn magnitude
ope production to 10% ions/spill, which will restrict these studies to

¢'days and bellow to the minute range.

lecay versus the atomic charge state. The transition
.meter, but for this pilot experiment we would like to
B~ decay and *5La for At decay.

; enough to overwhelm the n-capture branch,

i »could be used (12} as a reference in
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Fig. 2. Charge state dependence of ¢f8 decay rate in "Tm.

rate smoothly increases with the increasing of the Q-value as one can see in circles in
fig 2. However, if one considers an electron-nucleus spin coupling in the H-like system,
assuming a statistical distribution of the resulting states, the conservation of the fotal
spin will result in the points shown in stars in fig 2, where consequently the decay rate
decreases unfavorably. This coupling can be easily made up comparing the S~ decay
rates of bare, H-like and He-like.

In the bound B-decay side, one may expect this process to be the source of the
large enhancement of '®Tm decay rate (12). A calculation of this rate in typical s-
process conditions (4), revealed a modest enhancement up to 5 Tg (~ 40 keV), but
no predictions exist for highly charged state. There also the bound-S-decay rate ratio
between bare and H-like parents should be 1/2, and any deviation from this factor will
be a clear signature of electron-nucleus spin coupling.
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Fig. 3. Decay scheme of *%La



Two factors constraint the lifetime measurements with Schottky spectromestry :
i) the nuclear lifetime should be above the ion cooling time (10 s), 4i) the Q-value
should also be larger than the resolving power. Many isotopes fulfill these conditions,
and among the interesting isotopes one can investigate *La (17, 9.87 m, fig. 3), whose
ground state decays by EC (74%) and 7% (36%). These comparable branching ratios
allow us to directly and simultaneously study these 2 processes.

The 135Ba excited states fed by the decay of *'La, have very short lifetimes that
favorably will not contaminate the Schottky spectrum as shown in fig 4. This figure
presents a scheme of such decay of bare (top) and H-like (bottom) ions of "**La. Once
cooled, the ions give rise to narrow peaks (~ 20 Hz} which provide, in one single
spectrum (250 kHz), a clear separation between the peaks of parent/S*-daughter (187
kHz) in one hand, and parent/EC-daughter (230 Hz) in the other hand. As the peak
area is proportional to the number of ions, one can follow in time the evolution of the
populations of the different ion species stored in the ESR.
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Fig. 4. Scheme of a Schottky spectrum of 1*La and its AT and EC daughters, in the case of
bare (up) and H-like (down) **La.

3 Counting rate estimates

For this experiment, we propose to study S-decay of '™Tm and '*La isotopes
by fragmenting a 800 MeV/u beam of '™Yb on a 10 g/em? YBe target at the FRS
target-station. The projectile fragmentation cross section (EPAX) of a 10 mb and 0.1
mb respectively, and with the available intensity of the primary beam (10° /spill}, the
upper limit of the isotope production will be 107 *®Tm/spill and 10° *La/spill. These
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values are favorable because of the decay rates that amount to 1072 for 1*La and some
1078 in the case of '"OTm where we can operate the ESR in the stacking mode which
allows to store up to 1 x 10® particles. After in-flight separation by the FRS, the
fragments will be injected into the ESR ring, stored and electron-cooled.

4 Beam-time request

The 1st FRS tuning and isotope identification require 2 shifts. The optimization
of the FRS-ESR injection requires 1 shift. 2 shifts are need to set up the ESR as well
as the Schottky diagnosis hardware/software. The change of the charge state as well as
the isotope change will be operated through the SIS energy when the setup of the FRS
and the ESR will be kept unchanged. As we have to separately study 2 isotopes over 4
charge states a minimum of 16 shifts are needed. This experiment requires a total of
21 shifts. We have to mention that the ESR operation will be : one injection followed
by 10-20 min time measurement.
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