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Search for new isotopes near the proton drip-line close to 100Sn 
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The 100Sn nucleus, the heaviest doubly magic and 
particle-stable nucleus with N=Z, has been the subject of 
numerous experimental and theoretical studies. It is one of 
the most important nuclei for testing nuclear structure 
models. 

Prior to the main 100Sn experiment in 2013, we  
performed a test experiment in December 2011 with the aim 
of optimizing the configuration settings of the BigRIPS1) 
separator at RIKEN, for the production and selection of 
100Sn.2) This experiment was subsequently used to set up our 
main 100Sn experiment, which was performed in June 2013 
and was dedicated to the measurement of Gamow-Teller 
strength in the decay of 100Sn to 100In (see D. Lubos et al.3)), 
to the mapping of the proton drip-line in the region of 
Te-Ru, and to the study of short-lived isomeric states in this 
region of the nuclear chart. In this contribution, we report 
on the search for new isotopes close to the drip-line in the 
Te-Ru region. 

Nuclei around 100Sn were produced by fragmentation of a 
345 MeV/nucleon 124Xe52+ beam impinging on a 4-mm Be 
target. The average beam intensity was 30 pnA during 203 
hours of data taking.  

The nuclei were identified on an event-by-event basis 
through the Bρ - ΔE - TOF method using the standard 
BigRIPS focal plane detectors. The nuclei of interest were 
implanted in a stack of 3 double-sided silicon strip detectors 
called WAS3ABi, followed by a stack of 10 single-sided 
silicon strip detectors used to measure the total energy of  
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β-particles emitted after the decay of the implanted nuclei. 
The implantation detectors were surrounded by the 
EURICA array consisting of 12 seven-element Ge cluster 
detectors and 18 LaBr3 crystals for the detection of delayed 
γ-rays.  

A confirmation of Z and A/Q identification was achieved 
by the observation of the characteristic γ-lines of known 
isomers in 98Cd and 96Pd. The relative r.m.s. Z and A/Q 
resolutions for the Sn and N=Z isotopes were 0.41% and 
0.09%, respectively. Available signals from the PPACs,  
plastic scintillators, and ionisation chambers were used to 
apply additional off-line gates, which allows the removal of  
spurious events from the particle identification plot.  

 
  

Fig. 1. Particle identification matrix Z vs A/Q around the 
100Sn after applying cleaning conditions. 

 
 We have discovered 3 new isotopes with more than 3 

counts: 94Cd, 92Ag, 90Pd. The consistency of all measured 
signals of interest for each nucleus has been checked, and 
the assignment of these new isotopes is unambiguous. We 
have also tentatively assigned events to 104Te, 98Sn, 96In 
observed with less than 3 counts. One event was assigned to 
86Ru, the identification of which has been recently reported 
by H. Suzuki.4) 
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Identification of 18 new neutron-rich isotopes produced in the

EURICA uranium beam campaign
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The EUROBALL RIKEN Cluster Array (EURICA)
collaboration aims to conduct isomer and β-delayed
γ-ray spectroscopy of several hundred nuclei far from
stability. In 2012, at the RIKEN Nishina Center RI
Beam Factory (RIBF), the EURICA uranium beam
campaign was been conducted to investigate isomeric
decays from very neutron-rich nuclei and their β de-
cays1–3).

In the EURICA uranium beam campaign, the nu-
clei of interest were produced by the in-flight fission
of 345 MeV/nucleon 238U beam colliding with a 2.92-
mm-thick Be target. The primary beam intensity
was 8.24 particle nA on average. Table 1 summa-
rizes the two settings used in the EURICA uranium
beam campaign. Fission fragments were identified
by using the superconducting in-flight separator Bi-
gRIPS4) and the ZD spectrometer. The particle iden-
tification (PID) was performed using the ∆E-TOF-Bρ

method, which allows the event-by-event determina-
tion of the atomic number Z and mass-to-charge ratio
A/Q of fragments5).

Table 1. Summary of the experimental conditions.

Setting 136Sn 128Pd

Target (mm) Be 2.92 Be 2.92
Bρ

a (Tm) 8.004 7.391
Degrader at F1 (mm) Al 2.82 Al 2.82
Degrader at F5 (mm) Al 2.46 Al 2.46

F1 slit (mm) +43.0/−64.2 +22.0/−64.2
F2 slit (mm) +12.0/−18.0 +8.0/−12.0

Irradiation time (h) 99.6 102.9
a Values from the magnetic fields of the first dipole magnet.

Figure 1 shows a two-dimensional PID plot of Z

versus A/Q for the 136Sn setting. The solid red line
indicates the limit of known isotopes. The relative
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root mean square (rms) Z resolution and the relative
rms A/Q resolution achieved were typically 0.38 and
0.037%, respectively, for the 136Sn setting. Thanks to
the excellent resolution in A/Q, we have produced and
identified the following 18 new neutron-rich isotopes:
118Mo, 121Tc, 122Tc, 125Ru, 127Rh, 129,130,131Pd,
132Ag, 134Cd, 136,137In, 139,140Sn, 141,142Sb, 144Te, and
146I. A detailed analysis is currently in progress.

Fig. 1. Two-dimensional PID plot of Z versus A/Q for the
136Sn setting. Red line indicates the limit of known

isotopes.
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