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The neutron-rich nuclei located along the neutron
closed shell N = 126 are of great importance for in-
vestigating the evolution of N = 126 shell closure, as
well as for understanding the r-process of stellar nu-
cleosynthesis. Experimental information, however, are
scarcely available, due to the difficulties in producing
these unstable nuclei. Recently, a multi-nucleon trans-
fer reaction with a stable beam was experimentally in-
vestigated, and it has proved to be a promising method
for producing neutron-rich nuclei around N = 126.1)

Another prospective reaction for producing these nu-
clei is the fragmentation of heavy projectiles such as
lead and uranium. The lightest N = 126 nucleus so
far, 202Os, was produced by the projectile fragmenta-
tion of a 1 GeV/nucleon 238U beam.2)

To access the unexploited region around N =
126, we conducted an experiment aimed at produc-
ing neutron-rich nuclei around N = 126 by means
of the projectile fragmentation of a high-intensity
345 MeV/nucleon 238U beam using the BigRIPS in-
flight separator3) at the RIKEN RI Beam Factory.4)

The intensity of the 238U beam was 45 particle nA on
average. The production target, which was made of
beryllium, was 5 mm thick. The setting of the Bi-
gRIPS separator was optimized for the production of
200W, where the magnetic rigidity Bρ settings before
and after F3 were tuned for hydrogen-like and helium-
like 200W ions with charge stateQ = 73 and 72, respec-
tively. We employed the two-stage isotope separation
mode to sufficiently purify the neutron-rich isotope
beams of interest, in which the aluminum degraders

Table 1. Experimental conditions for 200W setting

Production target Be 5 mm
Bρ 6.8000 Tm

Degraders Al 5 mm at F1, Al 1 mm at F5
Intensity of 238U 45 pnA
Running time 8 hours

F1 slit ±32 mm (±1.5% in ∆p/p)
F2 slit ±10 mm
F5 slit ±48 mm
F7 slit ±25 mm

Total rate at F1 ≈ 109 Hz
Total rate at F3 2.5× 105 Hz
Total rate at F7 30 Hz
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Fig. 1. Particle identification plot of Z vs A/Q for frag-

ments produced in the 238U + Be reaction. The frag-

ments with Z > 70 were produced by the projectile

fragmentation. The N = 126 isotones are expected to

be located on the red dotted line. The location of 200W

is indicated by the red solid circle, where no events were

observed. The blobs in the red dashed circle correspond

to the events whose charge states change at F5. The

blobs in the red dotted circle correspond to the fission-

originated contaminants.

were installed not only at the F1 but also at the F5
foci. The details of experimental conditions are sum-
marized in Table 1. The particle identification (PID)
was obtained event by event on the basis of the ∆E-
TOF-Bρ method, thus deducing the atomic number Z
and the mass-to-charge ratio A/Q of the fragments.5)

Figure 1 shows the Z vs A/Q PID plot for fragments
produced in the 238U+Be reaction. The neutron-rich
nuclei around N = 126 were produced and identified
as shown in the figure, although the resolving power of
PID needs to be improved. No events were observed
for 200W in the present short-time measurement of 8 h.
An elaborate data analysis is currently in progress.
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New isotope search conducted concurrently with BRIKEN campaign
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In order to measure new β-delayed neutron emission
properties for near doubly magic nucleus 78Ni using the
world-largest array of 3He counters BRIKEN,1) the ex-
periment was performed at the RIKEN Nishina Center
RI Beam Factory (RIBF). The nuclei of interst were
produced by the in-flight fission of a 345 MeV/nucleon
238U beam colliding with a 3.87-mm-thick Be target.
The primary beam intensity was 56.6 particle nA on
average. Fission fragments were separated and identi-
fied using the superconducting in-flight separator Bi-
gRIPS.2) In order to separate and purify the RI beams,
two wedge-shaped energy degraders were placed at the
F1 and F5 dispersive foci. The typical counting rate
at the F3 and F7 achromatic foci were 545.4 Hz and
102.4 Hz, respectively. Table 1 summarizes the exper-
imental conditions. The BigRIPS setting in this work
included regions of new isotopes on the more neutron
rich side. This allowed us to search for new isotopes in
parallel with the measurements of the BRIKEN cam-
paign.

Table 1. Summary of the experimental conditions.

Target (mm) Be 3.87
Bρ a (Tm) 8.272

Degrader at F1 (mm) Al 5.01
Degrader at F5 (mm) Al 3.45

F1 slit (mm) +58.0 / −64.2
F2 slit (mm) +20.0 / −20.0
F5 slit (mm) +110.0 / −110.0
F7 slit (mm) +25.0 / −25.0

Central particle 82Cu
Irradiation time (h) 191.8

Live time of DAQ (%) 95.5
Trigger rate (Hz) 97.8

Total dose 2.44× 1017

a The values from the magnetic fields of the first dipole
magnet.

Particle identification (PID) was performed using
the ∆E-TOF-Bρ method in which the energy loss
(∆E), time of flight (TOF), and magnetic rigidity (Bρ)
were measured to allow the event-by-event determina-
tion of atomic number Z and mass-to-charge ratio A/Q
of fragments.3) The PID was confirmed by measuring
the delayed γ-rays emitted from short-lived isomers,
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Fig. 1. Two-dimensional PID plot of Z versus A/Q. Red
line indicates the limit of known isotopes5–7) as of Jan-
uary 2018.

such as 92Br and 94Br, by using two clover-type high-
purity germanium detectors placed at the F7 achro-
matic focus; this technique is called isomer tagging.4)

Figure 1 shows a two-dimensional PID plot of Z ver-
sus A/Q. The solid red line indicates the limit of iden-
tified isotopes5–7) as of January 2018. The relative
root mean square (rms) Z resolution and the relative
rms A/Q resolution were typically 0.61% and 0.081%,
respectively. We can see some candidates for new iso-
topes such as 79Co, 84Cu, 86Zn, and 93As.

Detailed analysis is currently in progress.8)
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