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We have developed the magnetic spectrometer sys-
tem1), WiSES (Window-frame Spectrometer for Elec-
tron Scattering), for electron scattering on short-lived
nuclei at the SCRIT electron scattering facility. The
WiSES consists of a dipole magnet2,3), FDC(Front
Drift Chamber), RDC(Rear Drift Chamber)4), plas-
tic scintillator hodoscope, and a helium bag. Figure 1
shows a schematic view of the WiSES and SCRIT sys-
tem5). The layer configulation of the drift chambers is
XX’XX’ for FDC and VV’UU’XX’VV’UU’ for RDC.
The gas of drift chambers are He+CH4 (50:50) at this
time. The combination of FDC and RDC enables re-
construction of the trajectory of electrons in the mag-
netic field and estimation of the momentum. Our goal
of momentum resolution is δp/p ∼ 1×10−3 for 300
MeV electron. The solid angle of the spectrometer is
evaluated to be 83 msr by a simulation. The plastic
scintillator hodoscope is used to generate trigger sig-
nals. A detail of the data acquisition system is reported
elsewhere6). The helium bag made of vinyl sheets of
thickness 30 µm is installed between FDC and RDC
to reduce the multiple scattering of electrons.
In December 2014, a commissioning experiment was

carried out to evaluate the performance of the WiSES
and the luminosity monitor system7). A tungsten wire
of diameter 50 µm was mounted in the SCRIT, and
its position could be controlled remotely; this wire was

Fig. 1. Schematic view of the WiSES. A trajectory between

FDC and RDC was reconstructed by a Runge-Kutta

calculation. The space between FDC and RDC was

filled with helium.
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used as a target. Because the differential cross section
of electron elastic scattering on the tungsten target
is well known, we can estimate the performance of the
spectrometer by checking the reproducibility of the dif-
ferential cross sections. In Fig. 2, preliminary results
for the electron beam energy at 150 MeV are shown.
Electrons elastically scattered from the tungsten wire
are found as a peak in the vertex point and momen-
tum distribution, and their resolutions are evaluated
to be approximately 10 mm and 6×10−3, respectively.
These resolutions will be improved by further analysis.
The obtained angular distribution is well reproduced
by a simulation in which the differential cross section
of the elastic scattering on the tungsten target is esti-
mated by a DWIA calculation.

Fig. 2. Preliminary results for the electron energy at 150

MeV. (a) Vertex point distribution along the beam line.

A clear peak of electrons scattered from the tungsten

wire can be seen. (b) Momentum distribution of elec-

trons from the tungsten wire. A clear peak correspond-

ing to the elastic scattering can be seen. (c) Polar angle

distribution of the elastically scattered electrons. The

red line shows the simulation using the differential cross

section estimated by a DWIA calculation.
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Results of first online tests of small ion-surfing RF carpet gas cell at
GARIS-II
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As part of the SLOWRI project, we have begun de-
velopment of a new low-energy experimental facility,
SlowSHE, for use with radioactive isotopes (RI), such
as Super Heavy Elements (SHE), that are created via
fusion-evaporation reactions. This new facility utilizes
a small gas cell1) placed after the GARIS-II separator
to thermalize the ions before they are transported to
a multi-reflection time-of-flight mass spectrograph2).
A very thin mylar film (2.4 µm thick) on a rotatable
frame is placed before the gas cell for use as an ad-
justable degrader to remove, in combination with two
thin (1.1 µm and 2.4 µm thick) mylar windows, a large
fraction of the ions kinetic energy. The remaining
kinetic energy is removed by collisions with He gas,
which the cell is pressurized with upto 100 mbar.

In this first experiment, we desired to verify the com-
bined stopping and extraction efficiency for a variety
of chemical elements using isotopes with a wide range
of half-lives. We first studied stopping and extraction
of the long-lived 205Fr (T1/2=3.8 s), produced via the
reaction 169Tm(40Ar,4n)205Fr.

The degrader was initially replaced with a large sili-
con detector array to measure the incoming rate. The
α-decay rate of 205Fr was calibrated against the rate
of elastically scattered incoming beam near the reac-
tion target. The detector was then replaced by the
degrader and the rate of α-decay on a silicon detector
placed after the gas cell was measured as a function of
the degrader angle. The result, shown in Fig. 1, fea-
tured a flat plateau with efficiency peaking near 30%.
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Fig. 1. Combined stopping and extraction efficiency for
205Fr as a function of degrader thickness. The thick-

ness was varied by rotating the degrader. Gas cell was

operated at room temperature.
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Of perhaps greater interest was the stopping and
extraction efficiency for shorter-lived isotopes. This
was studied with a Tantalum target using the reac-
tions 181Ta(40Ar,p4n)216Th and 181Ta(40Ar,4n)217Pa
to produce species with T1/2 of 26 ms and 3.5 ms, re-
spectively. The α-decay spectra seen after the gas cell
using a chopped beam and measuring decays during
“beam off” are shown in Fig. 2. The red spectrum
was measured by quickly pulsing the linac beam while
the green spectrum was measured with longer period
pulses. For the long period beam pulses, short-lived
isotopes extracted during “beam on” decay prior to
“beam off” and are suppressed.

For these beams, having higher-Z and lower energy
than 205Fr, the degrader was inoptimally thick. How-
ever, we were able to set lower limits on the stopping
and extraction efficiencies. For the short-lived 216Th,
we were able to achieve ∼15% combined efficiency,
while for the extremely short-lived 217Pa ∼12%.
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Fig. 2. α-decay spectra seen on silicon detector after the

gas cell. Pulsing the linac beam with a short period, a

strong suppression of short-lived isotopes was observed.

These results were obtained with the gas cell oper-
ated at room temperature; we believe that using cryo-
genic temperatures should provide further improve-
ments by reducing the possibility of charge exchange
with gas impurities and reducing the rate of diffusion
of the ion cloud as it transits the length of the gas cell.
Even with the efficiencies reported herein, it should
be possible to perform precision mass measurements of
even trans-Uranium isotopes with exceedingly low pro-
duction rates. First such measurements are planned to
take place within calendar year 2015.
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