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Abstract

[text ...We propose to study decay of neutron deficient isotopes °**¥1Ba using

Double sided Silicon Strip Detector (DSSSD). To study delayed-proton and alpha
decay branching ratios of % Ba are of special interest because of their vicinity
to the proton drip line. The nuclear life-times and properties of the proton unstable
states of Cs isotopes, populated through decay of '**'® Ba isotopes will be
measured. In addition to that we propose beam development of ****** Ba to study
exotic decay properties of these neutron deficient nuclei and to search for super-
allowed a- decay in future....]

Remaining shifts: 22 (twenty-two)
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1. Motivation, experimental setup/technique

Study of the exotic decay properties of nuclei near the proton drip line is at the frontier of todays
nuclear physics [1][2][3]. The nuclei in the mass region A~110-120 near the proton drip line exhibit a
rich variety of structural information. Several theoretical approaches predict exotic structure and exotic
decay modes, in particular cluster decay, for the Ba isotopes [4][5]. Experimental verification of these
predictions is lacking today. Moreover decay studies of these isotopes have been rarely undertaken,
although their decay properties would provide very important structural information in particular
concerning the coupling to continuum states occurring near the proton drip line. Beta delayed proton as
well as beta-delayed alpha emission are expected to be observed [7], further, also cluster emission might
be present in this region that would yield additional structural information. Also in astrophysical
environments the formation of clusters, respectively nuclei, plays a crucial role [8].

We would like to initiate a programme in order to in detail study the properties of neutron
deficient Ba isotopes. In a first step we would like to measure their delayed-alpha and delayed-p decay
and branching ratios. We would, further, like to propose beam development of "1314Ba to
determine the yield for future prospects.

Physics Motivation:

The light Ba isotopes of this mass region have been populated using fusion- evaporation reaction
only. Decay study of these isotopes using the ISOL method will itself be very interesting. Due to the lack
of experimental data, clear idea about the decay properties as well as any structural information of these
isotopes is rare. Particularly B-decay of even-even nuclei will populate states of odd-odd nuclei; hence the
experimental information can provide useful information regarding pair correlation close to the proton
drip-line. By means the delayed-proton information, i.e. its energy spectra and coincidence
measurements with EM-radiation, one can obtain structural information of the parent nuclei that can be
compared to theoretical models. The electron capture or B*-decay could produce proton unstable (proton
separation energies of *°Cs and ''Cs are 700 KeV and 740 KeV respectively) states of the daughter
nuclei "'**8Cs and the life-times can measured of these nuclear states though proton-x-ray coincidence
[9]. In this region it would also be interesting to look for a-decay transition, which might be possible
according to several predictions. It is of our particular interest to search the following a-decay chain **Ba
> 18xe > 1%Te > %95 in the future. In addition to that exotic cluster decay is another interesting part
for our experimental investigation. In this respect accurate beam count information is essential for future
experimental studies.

Experimental Procedure :

We will measure the exotic decay mode of **°Ba. We will use a compact particle detection
system consisting of four 60-um-thick, double-sided silicon strip detectors (DSSSD), each backed by a
1.5-mm-thick, un segmented silicon detector. The detectors are to be placed at 5 cm distance from the
collection point in a rectangular configuration, whereby a solid-angle coverage of >30% can be achieved
with an angular resolution of 3°. The detector thicknesses are chosen such that the most energetic a
particles (~8.5MeV) are completely stopped in the DSSSD. The delayed proton will be detected by the
thick PAD Si-detectors placed behind the DSSSDs. Further, two HpGe-detectors (high resolution) and 4x
LaBr; detectors (high efficiency) will be placed to optimize the gamma-ray detection.
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2. Status Report:

The experiment 1S545 was scheduled on  September, 2012 just before the shutdown. New
LaC, target was developed and used to produce neutron-deficient Ba isotopes. Since Cs
isotopes was produced more (order of magnitude) than Ba isotope with similar mass
number. So Fluorination was used to separate Ba from Cs. However due to serious problem
of target , Ba yield was negligible and proper measurements could not be done. See more
details below.

Accepted isotopes: '°*®Ba,

Performed studies: Initially, we tried to focus on exotic beam of '°Ba, but as it was
informed by target people, that number of **°Ba beam was 1 event/sec which is several order
of magnitude lower than expected according to earlier literature. So for checking the details
of the beam, we set mass on GPS on A=115 and implanted on our C foil at experimental
chamber which was surrounded by DSSDs and Pad detectors. Outside the chamber, we
placed two HpGe detectors and two LaBr3 detectors. Fig. 1 shows the experimental setup
during experiment 1S545 on Sept., 2012. We did some preliminary analysis of that data.
Fig.2, shows the gamma spectrum of HpGe detector during implantation of exotic beam on
foil. Clearly, we could see the beam contained mainly, 115In (isomeric state, Ex=336 KeV),
115Te, 115Sh.

Fig.1. Experimental setup of IS545, Sept, 2012, ISOLDE, CERN
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Fig.2. Gamma spectra of HpGe during experiment 1S545, Sept, 2012,
ISOLDE, CERN. Left one is without beta gated, right one is after beta gated.

Future plans
Future plans with available shifts:
(i) Envisaged measurements and requested isotopes

We want to perform the experiment with similar setup but modified detector
systems. Such as, now we have 152 mm long LaBr3 which we want to use for better
high energy gamma efficiency. If possible , we shall use CdTe detector for X-ray in
addition to DSSD Si detectors and Pad detectors of above mentioned thickness.

(ii) Have these studies been performed in the meantime by another group?

No experimental result has been reported yet.

(iii) Number of shifts (based on newest yields) required for each isotope

isotope yield (/uC) | target - ion source Shifts (8h)
115116,118B3 6 +6+6shifts
112-114Ba 4 shifts

Total shifts: 22
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