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The SCRIT electron spectrometer called WiSES
(Window-frame Spectrometer for Electron Scattering)
consists of a dipole magnet, front and rear drift cham-
bers (FDC and RDC, respectively), a helium bag to
reduce multiple scattering and plastic scintillators for
event triggering. To obtain charge density distribu-
tions of unstable nuclei, the angular distributions of
differential cross sections have to be precisely measured
using elastic electron scattering. Thus, the WiSES
is required to achieve a good momentum resolution
(∆p/p ≈ 10−3) for a wide momentum range1), and the
position resolution of the RDC is required to be ∼150
µm to achieve the momentum resolution. A newly de-
veloped electronics module (RAINER) is employed to
read data for the RDC2). In this article, we report
performances of the RDC and RAINERs, which were
examined using a tungsten wire target experiment in
December 20143).

Since the RDC and RAINERs are installed very
close to the RF power source for the electron stor-
age ring, the background noise effect must be carefully
investigated. Although the RF noise test has been per-
formed using a small prototype DC with RP1212 (an
old version of RAINER) which showed a good per-
formance4), the actual RF effect on the RDC is still
uncertain. Therefore, we repeated the same RF noise
test using the RDC and RAINERs prior to the wire
target experiment. As shown in Fig. 1 (a), the noise
level was found to be slightly larger than that observed
in the previous report but still less than ∼800 mV in
the worse case. Fig. 1 (b) shows the comparison of
noise counts between the RF off and on cases as a
function of the threshold voltage (Vth) for the ASD

Fig. 1. (a) RF noise level measured at the ASD chip in the

RAINER card. (b) Noise count rates as a function of

Vth with/without RF power.
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chip in RAINER. There is basically no difference in the
noise rate for the RF on/off conditions at Vth > 800
mV, and the rate reduces to zero for Vth > 2200 mV.
For the wire target experiment, Vth is set to 1500 mV,
where the noise rate is still much smaller than the event
rate (a few hundred hertz) and such a low-rate random
background could be eliminated in the tracking.

The RDC consists of 10 layers as VV′UU′XX′VV′UU′

and the tracking is performed using the following iter-
ative algorithm. First, the U and V planes are de-
termined using the hit position information for every
four layers. Here, the initial hit position in each cell is
calculated using TDC and a roughly estimated x − t

(space-time) calibration parameter. Second, a track is
determined by combining the V/U planes and the hit
positions in the remaining two X layers by minimizing
χ2/ndf . Then, the residual distributions between the
initial hit positions and the track intersection on the
layer planes and the x − t calibration parameters are
re-evaluated for each layer. The procedure is iterated
(typically 4-5 times) until the widths of the residual
distributions converge to the minima. The position
resolution and efficiency per layer of the RDC were
determined from the wire-target experimental data.
Fig. 2 shows the converged residual distribution for a
given V layer without the hit information of the layer.
The rms was found to be ∼200 µm.
In summary, we conducted a wire target experiment

for SCRIT WiSES and obtained calibration parame-
ters for the RDC. Some efforts to improve the tracking
algorithm are underway by tuning the calibration pa-
rameters to obtain a better position resolution.

Fig. 2. Residual distribution of a V layer of the RDC
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Current status of RI beam production at electron-beam-driven RI
separator for SCRIT (ERIS)
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ERIS (electron-beam-driven RI separator for SCRIT
1)) consists of an RI generator, a FEBIAD-type ion
source, and an RI separator. The photofission of ura-
nium driven by an electron beam is used for RI pro-
duction in ERIS. Details of ERIS were reported in Ref .
2. During the present year, we improved the release
efficiency including the efficiency of release from the
production target and that of transport from the tar-
get to the ionization chamber. In this paper, we report
improvements and the present status of ERIS.
One of the improvements is the stable supply of a

1-mm uranium carbide target disk. Using a 1-mm tar-
get disk, the efficiency of release from the production
target is expected to increase, because the total sur-
face area of target disks becomes larger than in the
case of 2-mm target disks used in the previous test3).
Uranium carbide is obtained by the carbothermal re-
duction of uranium oxide in presence of carbon. De-
tails of constructing the target were presented in Ref .
3. In order to construct a thin disk, the careful se-
lection of the graphite grain size is required for the
process of constructing a disk from graphite powder.
Furthermore, the uranium-oxide-coated graphite pow-
der is also needed to construct a disk without a binder.
These requirements are aimed at reducing the vacancy
inside the disk and the crack at the edge of the disk.
The obtained disk was approximately 1 mm in a thick-
ness and 18 mm in a diameter. In total, 23 disks were
prepared. The total amount of uranium was about 15
g, and the average mass concentration of uranium in
the disk was estimated as 3.4 g/cm3.
Another improvement involved strengthening the

heat shield. In particluar, the heat shield of the trans-
fer tube located between the target and the ionization
chamber was increased in order to ensure no cold spots
were present.
After these improvements, the uranium-carbide

disks were irradiated with an electron beam acceler-
ated to 150 MeV. The electron beam power was nearly
10 W. Tantalum disks with a thickness of 5 mm and a
diameter of 20 mm were inserted in front of the produc-
tion target to increase the production of γ rays. The
temperature of the target and the transfer tube was
approximately 2000 ◦C. The produced RIs were accel-
erated to 20 kV and mass-separated by the analyzing
magnet. They were identified by the measurement of
γ rays corresponding to the decay of the RIs using a
Ge detector.
Figure 1 shows the rate of Sn and Xe isotopes at
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the Ge detector. These rates are estimated from the
observed γ-ray yield using the efficiency of the Ge de-
tector and the half-life of each isotope. The overall effi-
ciency is the ratio of the observed rate to the expected
production rate inside the target. This efficiency in-
cludes the efficiency of release from the target, ioniza-
tion in the ion source, and efficiency of transport from
the ion source to the detector. The overall efficiency of
stable xenon with a calibrated gas flow was also mea-
sured during the experiment. Because stable xenon
was introduced into the ionization chamber through
a gas inlet, the measured overall efficiency of stable
xenon includes only ionization and transport efficien-
cies. In the case of tin isotopes, the same ionization
and transport efficiency as those of xenon can be used,
which is supported by the results at ALTO4). As a
result, the release efficiency of xenon and tin isotopes
can be estimated. Table 1 shows the summary of rate
and efficiency in the case of 137Xe and 132Sn. Com-
pared with the previous results3), the release efficien-
cies of 137Xe and 132Sn become almost nine and six
times larger, respectively. Furthermore, the overall ef-
ficiency of 132Sn at ERIS is achieved at same level as
ALTO4). Further studies are in progress in order to
realize the electron elastic scattering experiment with
RI.

Fig. 1. Rate of Sn and Xe isotopes at the particle identifi-

cation detector at ERIS. The electron beam power was

almost 10 W. Total amount of uranium is 15g.

Table 1. Summary of rate and efficiency with 10-W beam
137Xe 132Sn

Observed rate (atoms/s) 6.4×106 2.6×105

Expected rate (atoms/s) 7.5×107 1.3×107

Overall efficiency 8.4% 2.1%
Overall efficiency of stable xenon 14% 15%

Release efficiency 61% 14%

References
1) M. Wakasugi et. al: Nucl. Instr. Meth. B317, 668(2013).
2) T. Ohnishi et. al: Nucl. Instr. Meth. B317, 357(2013).
3) T. Ohnishi et. al: RIKEN Accel. Prog. Rep. 47, ?(2014).
4) M. Cheikh Mhamed et. al: Nucl. Instr. Meth. B266,

4092(2008).

- 228 - - 229 -

Ⅱ-9. Instrumentation RIKEN Accel. Prog. Rep. 48 (2015)RIKEN Accel. Prog. Rep. 48 (2015) Ⅱ-9. Instrumentation

完全版2014_本文.indd   229 15/10/16   17:56




