Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 130

Particle unbound states of 1*Xe
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Introduction

The first detailed study of exotic decay mode of the
neutron-deficient, proton and alpha unbound nucleus,
5Cs, close to upper mass limit of the rp-process nu-
clei, is reported here. The measurement was performed
at the ISOLDE decay station (IDS), CERN by detect-
ing delayed charged particles and gamma rays. The
study of properties of nuclei near and beyond the drip
lines provides unique information on n- n interactions
[1] which is important for understanding the limits
of existence of the nuclei. Many interesting proper-
ties have been observed in the nuclei around the drip
line. The observation of the breakdown of traditional
magic numbers in exotic nuclei [2] far from stability has
been an important issue in nuclear structure physics.
Other properties are appearance of new magic num-
bers, exotic decay[3], cluster structure etc. Due to large
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beta-decay energy (Q value) of this drip-line nucleus,it
is source of many different decay channels.For 1°Cs:
Qrc = 8.96(10)MeV. In case of 5Xe: S,, Sap, Sa
are -3.15(15)MeV, -4.89(3)MeV and 2.506(14)MeV re-
spectively.So many decay channels open:8 — v, 8 — p,
B—p—r, B —2p, 8 —2p— . Therefore beta-delayed
particle emission take place.

Experimental Setup

This experiment was performed by ISOLDE facil-
ity at CERN, where secondary beam of '°Cs was
sent to the experimental hall and implanted on a
204g/cm?carbon target. The IDS setup consisted of
five DSSD (Double Sided Silicon Strip Detectors), four
PAD detectors behind the DSSD(behind the lower
DSSD there was no PAD) as shown in Fig 1. The solid
angle coverage of DSSD1, DSSD2, DSSD4, DSSDS5,
DSSD6 are 7.3%, 8.8%, 8.8%, 14.8%, 6.1% of 47 re-
spectively which is altogether nearly 45.8% of 47. Four
High-Purity Germanium(HPGe) clover detectors sur-
a-ray detec-
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FIG. 1: Schematic diagram of the experimental (IS545)
setup at the IDS, ISOLDE, CERN..

tion efficiency.

Data analysis and Spectrum

By adding the deposited energies of the delayed pro-
tons in the thin DSSD and in the corresponding PAD
detectors, in coincidence mode, the delayed proton
spectrum for higher energy has been obtained. On
the other hand low energy protons (< 2.5 MeV) were
fully stopped in the thin DSSD which has been ob-
tained from the thin DSSD spectrum in anticoincidence
mode with the corresponding PAD detector. That
low energy spectrum has been added to the higher
energy part. The delayed proton spectrum has been
further converted into the reference frame of !5 Xe.
For obtaining the proton unbound excited states of 11°
Xe, the proton separation energy has been added with
the spectrum. By fitting the peaks with the Gaus-
sian shape with width as a variable parameter via x>
minimization, several proton unbound states of '1° Xe
have been obtained. These states are with energies,
3.8 MeV (230), 4.8 MeV (703), 5.4 MeV (373), 6.1
MeV (536), 6.7 MeV (819),7.2 MeV (200), 7.6 MeV
(230). The widths of the states are mentioned in keV
within the first bracket.Considering the decay widths
of the states, the obtained life time of those states are
on the order of zeptoseconds. After efficiency correc-
tion, total number of delayed protons have been consid-
ered to be obtained delayed proton branch. According
to our experimental data, the delayed proton branch
is 0.2(06)%[4] which is more than previous reported
value 0.07 %[5]. Fig 2 represents the angular distribu-
tion of high energy delayed protons, which are detected
by DSSD4 and DSSD6. The lower and higher angular
parts are coming from DSSD6 and DSSD4 respectively.
The angle has taken with respect to the beam axis.

To obtain the decay half-life of '*® Cs, the time dis-
tributed proton spectrum was fitted with the function
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FIG. 2: Angular distribution of high energy protons from
proton unbound states of 1'% Xe .
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FIG. 3: The time distribution of delayed proton events
obtained from '5Cs of present experiment.

N = Npe~* as shown in Fig 3. The obtained half-life
of 115 Cs is 1.03(10)sec[6]. Further data analysis is go-
ing on, we hope in future more interesting physics will
come out.
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