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Since the commissioning of the BigRIPS separator1)

in 2007, an extensive search for new isotopes has been
conducted to expand the region of accessible exotic
nuclei. By the end of 2013, about 100 new neutron-rich
isotopes had been observed using the in-flight fission
of a 238U beam2–4), and 4 new neutron-deficient nuclei
had been observed by the projectile fragmentation of
a 124Xe beam5). In April 2014, we searched for new
neutron-rich isotopes with the atomic number Z ∼ 55–
70 for the second time since the 2011 experiment3),
with an increased beam intensity.

The neutron-rich isotopes were produced by the in-
flight fission of a 238U beam at 345 MeV/nucleon.
The maximum beam intensity was approximately 12.5
pnA. The fission fragments were collected and sepa-
rated with the BigRIPS. The experimental conditions
are summarized in Table1. We adopted two different
Bρ settings of the separator, each targeting new iso-
topes around 161Pr (Pr setting) and 180Er (Er setting).
The settings were determined using the measured cross
sections6) and the detailed simulations with the code
LISE++7).

Table 1. Summary of the experimental conditions.

Setting Pr setting Er setting

Production target Be 4.0 mm Be 6.9 mm

Isotope tuned 161Pr 180Era)

Bρ of D1 7.527 Tm 6.311 Tm
Degrader at F1 Al 1.4 mm Al 0.98 mm
Degrader at F5 Al 1.4 mm Al 0.96 mm

F1 slit ±64.2 mm +32.1/−42.8 mm
F2 slit +10/−3 mm +4/−3 mm
F5 slit ±120 mm ±120 mm
F7 slit ±25 mm ±25 mm

Average intensity 12.6 pnA 3.39 pnA
Running time 54.6 h 44.2 h

Total dose of 238U
1.55 × 1016 3.36 × 1015

particles particles

a) Hydrogen-like (Q = 67) ions were chosen in the first half
of the first stage of BigRIPS.
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Fig. 1. Z versus A/Q particle identification plots obtained

in the Pr (a) and Er (b) settings. The known frontiers

are indicated by the red lines.

Particle identification (PID) was based on the TOF-
Bρ-∆E method to deduce Z and the mass-to-charge
ratio (A/Q)8). The preliminary PID plots of Z ver-
sus A/Q are shown in Fig.1. The relative root mean
square A/Q and Z resolutions are typically 0.037% and
0.45%, respectively, for the 161Pr setting, and 0.047%
and 0.88%, respectively, for the 180Er setting. A total
of 18 new isotopes have preliminarily been identified
ranging from Z = 56 to 69. Further analysis is cur-
rently in progress.

References
1) T. Kubo: Nucl. Instr. Meth. B 204, 97 (2003).
2) T. Ohnishi et al.: J. Phys. Soc. Jpn. 79, 073201 (2010).
3) D. Kameda et al.: RIKEN Accel. Prog. Rep. 46, 20

(2013).
4) Y. Shimizu et al.: RIKEN Accel. Prog. Rep. 47, 47

(2014).
5) H. Suzuki et al.: Nucl. Instr. Meth. B 317, 756 (2013).
6) D. Kameda et al.: RIKEN Accel. Prog. Rep. 47, viii

(2014).
7) O.B. Tarasov and D. Bazin: Nucl. Instr. Meth. B 266,

4657 (2008).
8) N. Fukuda et al.: Nucl. Instr. Meth. B 317, 323 (2013).

Study of particle identification and RI beam separation for the Z~80 region 
using projectile fragmentation of 238U 
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 An atomic number of Z~80 produced through a 
projectile fragmentation of 238U is the next area for RI beam 
production at the BigRIPS.1) In this area, charge-state 
distributions are broad, which causes some problems for 
production concerned with both particle identification (PID) 
and isotope separation.  To study this effect, we performed 
a test experiment to produce RI beams of high Z. 

The test experiment was carried out using a 345 MeV/u 
238U beam. To study PID, RI beams were produced by the 
238U beam in low counting rates of ~2 x105 pps so as to 
make PID easy by sometimes mixing the 238U primary beam 
of the charge state 92+ at F1. The production target was 
5.79-mm-thick Be and the magnetic rigidity (B) of the first 
dipole D1 was 6.001 Tm. Degraders were not used at F1 
and F5.  The F1 slits were set to produce a momentum 
byte in the range between -3% and 0.1% when the primary 
beam was not mixed and between -3% and 0.5 % when 
mixing it. The PID was performed by determining Z and 
A/Q on an event-by-event basis using the E-TOF-B 
method. E was measured by MUSIC at F7 and TOF was 
measured using two plastic scintillators at F3 and F7. B 
was determined by track reconstruction using positions and 
angles measured by PPACs located at F3, F5, and F7.  
Total kinetic energy (TKE) was also measured using by NaI 
at F7 to determine A.  

Figure 1a and b show the PID spectra of A/Q vs. Z for Z 
> 30 and Z > 85, respectively. We can see not only 
projectile fragments but also fission fragments below Z~70 
in Fig. 1a. Fig. 1c shows the similar plot as Fig. 1b when 
primary beams are mixed. We can clearly see four charge 
states of 238U, which are produced by changing the charge 
state from 92+ in the scintillator at F3.  Resolutions of Z 
are 0.58 % for Z~90 and 0.41 % for Z~50.  The worse 
resolution in the high-Z area might be attributed to charge 
state straggling, which broadens energy loss spectra when 
passing through a detector with some charge states. 

We performed the PID of U isotopes.  Fig. 2 shows an 
A/Q spectrum of U produced by cutting with Z= 92±0.3. 
We identified the main peaks of A/Q > 2.55 but could not 
assign those of low A/Q because of overlap with isotopes of 
Z=91. The resolution of A/Q is 0.05%. We tried to examine 
whether other small peaks exist in large peaks, for example, 
233U89+ in the 236U90+ peak but we could not determine this 
because of the quenching of the TKE counter. 

In order to study isotope separation, we produced RI 
beam of which the central orbit was 226Bi82+ with the 
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7-mm-thick Be target.  Bof the first dipole was 6.13 Tm. 
The degrader at F1 of 0.3 mm and momentum acceptance 
of ±3% were used to produce many types of isotopes at 
the same time such as a search for new isotopes. The 
isotopes were not well-separated in this experiment owing 
to large unexpected contaminants of fission fragments with 
Z~60 and high counting rates of ~100 kHz/pnA.  These 
phenomena have not been predicted by the simulation.  

  Fig. 1a  Z vs. A/Q plot (Z>30) 

   Fig. 1b  Z vs. A/Q plot (Z>85) 

  Fig. 1c Z vs. A/Q plot on mixing with the primary beam. 

Fig.2  A/Q spectrum of U isotopes 
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