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Since the commissioning of the BigRIPS separator1) in 
March 2007, a variety of RI beams have been produced at 
the BigRIPS and used for experiments. Figure 1 shows the 
nuclear chart in which all isotopes produced at the BigRIPS 
from March 2007 to July 2013 are indicated in different 
colors. Red indicates isotopes used for experiments and 
light blue indicates isotopes whose production yields and 
cross sections were measured. New isotopes are shown in 
different colors according to the year in which they were 
discovered: blue in 2007 and 2008, green in 2011, and 
purple in 2012. Light isotopes with Z < 25 were produced 
using projectile fragmentations of 18O, 48Ca, and 70Zn 
beams. The projectile fragmentation of 124Xe is used for 
proton rich isotopes, and the in-flight fission of 238U for 
medium and heavy (Z = 20~68) isotopes. The production 
yields were measured for 569 isotopes. A total of 169 RI 
beams were used in the experiments. 89 new isotopes were 
discovered by the in-flight fission of 238U and 4 new 
isotopes were discovered by the projectile fragmentation of 

124Xe. 
The number of experiments performed using RI beams for 

various primary beams in each year is summarized in Table 
1. Before 2010, RI beams were mainly produced using the 
238U beam with low intensity and 48Ca. In December 2011, 
proton rich RI beams including 100Sn were produced from 
the accelerated 124Xe beam for the first time. In 2012, RI 
beams around 78Ni, 115Nb, 123Rh, 128Pd, and 136Sn including  
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new isotopes discovered in 2008 were produced from the 
238U beam with increased intensity (~10 pnA) and delivered 
to EURICA. Another 18 new isotopes were discovered at 
this time.  

In April 2013, 16C was delivered to ESPRI and 16C and 
12C were delivered to SAMURAI. Heavy RI beams around 
142Te, 150Ba and 158Nd and middle ones around 104,108Y, 108Zr, 
and 72Fe from 238U were delivered to EURICA in May and 
June 2013. Very proton rich RI beams of 100Sn and 73Sr 
from 124Xe were also delivered to EURICA in June 2013.  

Production yields and cross sections of isotopes produced 
in 2013 are currently being analyzed.      

 
Table1. Number of experiments performed using RI beams 
in each fiscal year. 

 238U 124Xe 86Kr 70Zn 48Ca 18O 14N 4He Tot 

'07 4  1      5 
'08 2    4    6 
'09 3    3  3 1 10 
'10     10 1 2  13 
'11 4 2    2   8 
'12 6 3  1 4 6   20 
'13 4 2    3   9 
Tot 23 7 1 1 21 12 5 1 71 

 
References 
1) T. Kubo: Nucl. Instr. Meth. B 204, 97 (2003).  
 

Fig.1 RI's produced at BigRIPS from March 2007 to July 2013.  
 

Identification and separation of radioactive isotope beams by the

BigRIPS separator at the RIKEN RI Beam Factory†

N. Fukuda,∗1 T. Kubo,∗1 T. Ohnishi,∗1 N. Inabe,∗1 H. Takeda,∗1 D. Kameda,∗1 and H. Suzuki1

We have developed a method for achieving excellent
resolving power for in-flight particle identification of
radioactive isotope (RI) beams, which is routinely used
with the BigRIPS fragment separator1) at the RIKEN
RI Beam Factory (RIBF)2). In the BigRIPS separa-
tor, RI beams are identified by their atomic number Z
and mass-to-charge ratio A/Q, which are in turn de-
duced from the measurements of time of flight (TOF),
magnetic rigidity (Bρ), and energy loss (∆E). Such
in-flight particle identification is essential for deliver-
ing tagged RI beams, making it possible to perform
various types of experiments including secondary reac-
tion experiments. Since the total kinetic energy is not
measured in this scheme, and consequently A and Q
cannot be determined independently, the resolution of
A/Q must be adequately high to identify the charge
state Q of RI beams. This is achieved in the Z ver-
sus A/Q particle identification plot as demonstrated
in Fig. 1, where fully stripped and hydrogen-like peaks
are very closely located.

We achieved a high A/Q resolution by precisely de-
terming the Bρ and TOF values. Precise Bρ was de-
termined by the trajectory reconstruction method for
which ion-optical transfer matrix elements were exper-
imentally determined up to the third-order. The sig-
nificant improvement in A/Q resolution by our trajec-
tory reconstruction technique is clearly seen in Fig. 2,
where comparion of the A/Q resolution among three
different transfer matrix elements in the trajectory re-
construction is shown. Precise TOF was determined
by the slew correction method for TOF signals. We it-
eratively carried out the derivation of transfer matrix
elements and slew correction such that the A/Q reso-
lution was best optimized. Furthermore we completely
removed background events to enhance the reliability
of particle identification.

The excellent particle identification thus achieved
allows us to supply tagged RI beams to a variety of
experiments at RIBF. Furthermore it helps us to reli-
ably identify new isotopes from a very small number of
events. Such enhanced capability of the BigRIPS sep-
arator is significantly advancing the research on exotic
nuclei at RIBF.

References
1) T. Kubo: Nucl. Instr. Meth. B 204, 97 (2003).
2) Y. Yano: Nucl. Instr. Meth. B 261, 1009 (2007).
3) T. Ohnishi et al.: J. Phys. Soc. Jpn. 79, 073201 (2010).

† Condensed from the article in Nucl. Instr. Meth. B 317, 323
(2013)

∗1 RIKEN Nishina Center

Fig. 1. Z versus A/Q particle identification plot for fis-

sion fragments produced in the 238U + Pb reaction at

345 MeV/nucleon. The experimental conditions and

BigRIPS setting are given in the G3 Setting section in

Ref.3).

Fig. 2. Comparison of the A/Q resolution among three

different transfer matrix elements used in trajectory

reconstruction. The comparison is shown for Sn iso-

topes produced by in-flight fission of a 238U beam at

345 MeV/nucleon. The experimental conditions and

BigRIPS settings are the same as those in Fig. 1.
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