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We performed the SAMURAI17 experiment1) at
RIKEN RIBF to study Gamow-Teller transition in
132Sn by (p, n) reaction with the WINDS2) and the
SAMURAI spectrometer3). The SAMURAI spectrom-
eter was used for tagging (p, n)-reaction events with
the particle identification (PID) of the beam heavy
fragments. The PID was performed with the TOF-Bρ-
∆E method. Here we report the preliminarily results
on the PID.

Here, we used the 132Sn beam run with empty-target
cell at F13 and selected the non-reacted trigger events
in order to estimate the resolution of TOF, Bρ and
∆E. The beam rigidity was measured by the BigRIPS
with a typical momentum resolution of R/σR ∼ 3000.

The TOF was measured by using the plastic scintil-
lators SBT1,2 and the HODS with flight path length
L � 12.5 m. The HODS consists of 6 plastic scin-
tillation counters with size of 450 mm × 100 mm ×
5 mm. The obtained TOF resolution is σt = 62.1 ±
2.7(stat.) ps, where the statistical uncertainty is indi-
cated. It should be noted that the non-uniformity of
SBT1 thickness is as large as about 20 % which corre-
sponds to 1 MeV/nucleon energy loss difference for 200
MeV/nucleon 132Sn beam. In this analysis we gated
the central position of SBT1 to estimate the TOF res-
olution, by using tracking information from BDC1,23)

drift chamber which were placed between SBT1,2 and
the target. In the following the resolution was esti-
mated with the same manners.

The energy loss ∆E was measured by HODS. The
∆E is sensitive to the HODS thickness. In this exper-
iment the non-uniformity of HODS thickness is about
10–20% for 6 counters. In order to correct the thick-
ness dependence, we used the tracking information
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from FDC23) drift chamber which was placed after the
SAMURAI spectrometer. The obtained ∆E resolution
is σ∆E/∆E = 0.43 ± 0.03(stat.) %.

The rigidity was analyzed by using four drift cham-
bers BDC1,2, FDC1 and FDC23). The obtained rigid-
ity resolution is R/σR = 1318 ± 27(stat.).

Figure. 1(a) shows the PID spectrum with respect
to atomic number Z and mass to charge ratio A/Q.
The Z resolution is σZ = 0.22 corresponding to 4.6σ
separation for Z=50 and 51. The A/Q resolution is
σA/Q = 0.14 % for 132Sn50+ which corresponds to 5.4σ
separation.
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Fig. 1. (a) A SAMURAI PID spectrum with respect to Z

and A/Q for non-reacted events with empty target cell.

(b) Z distribution for all beam component and (c) A/Q

distribution for Sn isotopes. The resolution of Z and

A/Q are σZ = 0.22 and σA/Q = 0.14% for 132Sn50+,

respectively.
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Supply of 48Ca beam from 18-GHz ECRIS using the micro-oven 
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In order to enhance the intensity and stability of the 
48Ca beam supplied from the RIKEN 18-GHz Electron 
Cyclotron Resonance Ion Source (ECRIS),1) we have been 
conducting operational tests on a micro-oven using 40Ca.2) 
Owing to the cost of the material in which the 48Ca isotope 
is highly enriched (70-80%), it is very important to reduce 
its consumption rate. For this purpose, we adopted the 
so-called “hot liner”3-5) and studied its effect on the 
reduction of the consumption rate. In this study, wherein a 
tantalum cylinder and disk of 0.1-mm thick were installed 
into the ECRIS, we observed an apparent reduction of the 
material consumption rate by using the hot liner. Details of 
the results are described in Ref. 6.  

The 48Ca beams for a series of experiments using the 
micro-oven have been supplied three times until now. Each 
series of experiments is summarized in Table 1. The 
statuses of the beam supply for experiments-1, such as 
beam intensity and material consumption rate, are reported 
in Ref. 6. 

Table 1. Supply of the 48Ca beam using a micro-oven. 
Days Charge Beam course 

1 Nov. to Dec. 2013 11+ GARIS, RIPS 
2 Sep. to Oct. 2014 11+ GARIS, RIPS 
3 Nov. to Dec. 2014 10+ BigRIPS 

In the series of experiments-3, the 48Ca beam produced by 
the present method was first supplied to the new RIBF 
accelerator complex. Figure 1 shows the charge distribution 
of the 48Ca ions. The RF power fed to the ECRIS was 370 W. 

Fig. 1. Charge distribution of the 48Ca ions. 

The beam intensity at the exit of ECRIS and the oven 
current are shown in Fig. 2. The beam intensity was 
adjusted according to the requirements of the experiment, 
by changing the aperture of the slit at the exit of ECRIS. A 
beam intensity of ~35 electric A with maximum slit 
aperture was maintained throughout the experimental 
duration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Long-term supply of the 48Ca beam. The beam 
intensity for 48Ca10+ (gray) and the oven current (black) 
are shown. 

The amounts of 48Ca placed into the crucible and 
subsequently consumed were 299 mg and 98 mg, 
respectively. The consumption rate of 48Ca was 0.13 mg/h. 
We succeeded in supplying stable and highly intense (twice 
as high compared to before, at the exit of ECRIS) beam 
with low material consumption rate (nearly one-tenth as low 
compared to before).  

Previously, the peak intensity of the 48Ca beam extracted 
from Superconducting Ring Cyclotron was 415 particle nA, 
but it was impractical to maintain the beam intensity at this 
level because of insufficient stability and high material 
consumption rate. The practical application of the 
micro-oven system realized long-term stable supply of the 
48Ca beam with an intensity of more than 400 particle nA to 
users.7) 
 
References 
1) T. Nakagawa et al.: Nucl. Instrum. Methods B 226, 392 (2004). 
2) K. Ozeki et al.: Rev. Sci. Instrum. 85, 02A924 (2014). 
3) A. Efremov et al.: Rev. Sci. Instrum. 69, 662 (1998). 
4) V. B. Kutner et al.: Rev. Sci. Instrum. 71, 860 (2000). 
5) P. Lehérissier et al.: Rev. Sci. Instrum. 73, 558 (2002). 
6) K. Ozeki et al.: Rev. Sci. Instrum. 86, 016114 (2015). 
7) http://www.nishina.riken.jp/RIBF/accelerator/tecinfo.html                                                  

＊1 RIKEN Nishina Center 

mass to charge ratio (A/Q)

mass to charge ratio (A/Q)

2.56 2.58 2.6 2.62 2.64 2.66 2.68 2.7 2.72 2.74

 Z
 C

ou
nt

s

 C
ou

nt
s

47

47.5

48

48.5

49

49.5

50

50.5

51

51.5

52

1

10

210
135Sb

132Sn50+
132Sn49+

129In

47 47.5 48 48.5 49 49.5 50 50.5 51 51.5 520

200

400

600

800

1000

1200

1400

1600

1800

2000

2.56 2.58 2.6 2.62 2.64 2.66 2.68 2.7 2.72 2.740

500

1000

1500

2000

2500

 σZ = 0.22

 Sn
 (49.5 < Z < 50.5)

 σA/Q = 0.14%
for 132Sn50+ 

 Z

(b)

(a)

(c)

- 21 -- 20 -

Ⅰ. HIGHLIGHTS OF THE YEAR RIKEN Accel. Prog. Rep. 48 (2015)RIKEN Accel. Prog. Rep. 48 (2015) Ⅰ. HIGHLIGHTS OF THE YEAR

完全版2014_本文.indd   21 15/10/16   17:39




