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Conversion of a continuous ion beam to a pulsed
ion beam will be an essential process for various preci-
sion experiments at the SLOWRI facility1). Continu-
ous ion beams from SLOWRI gas cells can be stopped
and provided as low-emittance pulsed ion beams with
a gas cell ion beam cooler-buncher (GCCB)2). The
GCCB consists of a gas cell with an RF carpet (RFC),
an RF quadrupole ion guide, and a flat trap3). Ion
beams of energy as high as 30 keV will be injected into
a low-pressure He gas cell, and then decelerated and
thermalized solely by gas collisions. The ions will then
be efficiently transported by the RFC and the RFQ ion
guide to the flat trap, and then bunched and cooled.

In this process, there was a concern regarding the
performance of the RF carpet at such unusually low
pressure – as low as 2 mbar. Simulations indicated
that a rough-pitch RFC could transport ions more ef-
ficiently than a fine-pitch RFC4). The transport and
extraction efficiency was investigated experimentally
using an RFC with a pitch of 0.32 mm and an exit hole
with a diameter of 0.64 mm with K+ ions. Here the
pitch was twice as large as the fine-pitch RFC used in
high pressure gas cells. The experimental parameters
were optimized to achieve a high efficiency (described
in Fig. 1), which is defined as the ratio of the ion cur-
rent leaving the exit hole measured by a Faraday cup
placed after the RFC to the ion current measured on
the RFC electrodes when the RF and AF voltages are
turned off.

Epush (V/cm)
K+

fRF = 9.3 MHz
VRF = 112 Vpp
fAF = 70 kHz

(vion ~ 90 m/s)

Ef
fic

ie
nc

y

PHe (mbar)

5
10
15

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Fig. 1. Transport and extraction efficiency as a function of

the He gas pressure for several Epush values.

As shown in Fig. 1, at He gas pressures higher than
2 mbar, efficiencies of ≈100% were obtained for a wide
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range of push electric field strengths. For an even lower
gas pressure, such as 1 mbar, the efficiency slightly de-
creased; efficiencies of more than 60% were achieved
even with the highest push electric field strengths.
Compared to the efficiency of 22% seen with a fine-
pitch RFC at 5 mbar, a rougher pitch can be expected
to make the GCCB highly efficient.
Another concern was the injection of a 30 keV beam

into the gas cell. The gas cell has no window to trans-
port the low-energy ion beam, and thus all elements
can be injected into the gas cell. However the incom-
ing beam might be scattered due to the leak gas around
the entrance. As a complementary idea, we are con-
sidering using nm-thick windows for the entrance. One
option is a SiN membrane and the other is a Acetyl-
cellulose membrane. The minimum thicknesses of SiN
and Acetylcellulose membranes are 10 nm with 5×5
mm2 area and 10 nm with ∼10 mm diameter, respec-
tively. The ranges for both windows were calculated by
the SRIM code as shown in Fig. 2. In both cases, the
ranges at 30 keV for the elements as heavy as Cs are
larger than the minimum thicknesses, indicating that
ions can penetrate the windows. Because the residual
ion energy after the window will be much lower than
the windowless case, the size of the gas cell can be
much smaller, i.e., total length of <100 mm.much smaller, i.e., total length of <100 mm.
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Fig. 2. Ranges as a function of the incident energy of an

incoming ion beam for several elements with both SiN

and Acetylcellulose membranes. The bands describe

the range straggling in ±1σ and the dashed lines indi-

cate the minimum thicknesses for each material.

A performance test of these windows, i.e., a stress
test for the pressure difference and the heat cycle be-
tween the room temperature and cryogenic tempera-
ture, will be performed soon. Using a 30 keV ion beam
of stable nuclei, the overall efficiency of the GCCB with
and without a window will be evaluated in FY2015.
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SCRIT luminosity monitor
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A luminosity monitor has been newly constructed
and installed at the SCRIT electron scattering fa-
cility1,2). This monitor measures the number of
bremsstrahlung photons produced by collisions be-
tween an electron beam and the target short-lived nu-
clei trapped in the SCRIT device. Using known a
bremsstrahlung cross section, one can determine the
collision luminosity on-line.
The monitor consists of a position detector and

a calorimeter as shown in Fig. 1. The posi-
tion detector measures the spatial distribution of the
bremsstrahlung photons, and the calorimeter measures
their energies. The position detector consists of two
identical X- and Y-detectors, each of which has 16 op-
tically isolated scintillating fibers of 3 × 3 mm2 cross
section. The scintillating fibers are coupled to a 4 ×
4 multi-anode photomultiplier. The calorimeter con-
sists of seven optically isolated pure-CsI crystals, each
of which is 20 cm long with a hexagonal cross section
with 4 cm sides.
In order to define the angular acceptance of the

detector for the bremsstrahlung process, a large Pb
block, 300 (h) x 300 (w) x 50 (t) mm3, with a hole
of 50 mm ϕ is placed in front of the monitor for col-
limation of bremsstrahlung photons. Note that the
bremsstrahlung photons enters the center crystal of the
calorimeter. The luminosity monitor is placed ∼670
cm downstream from the center of the SCRIT device.
Figure 2 shows the spatial distributions of

bremsstrahlung photons, whose energy is larger than
50 MeV. The stored electron beam energies were 150
and 300 MeV, and typical stored currents were 250 mA
for both energies.
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Fig. 1. Bremsstrahlung Luminosity Monitor.
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Non-identical shapes observed for X and Y dis-
tributions should be attributed to the asymmetric
material distributions of the storage ring along the
beam axis, where the bremsstrahlung photons travel
through. GEANT4 simulations are performed by tak-
ing the material distributions precisely into account as
possibly, and the simulation results are found to re-
produce the measured spatial distributions reasonably
well. In addition, the measured energy distributions
of the bremsstrahlung is also well accounted for by the
simulation. Assuming that the trapped residual gases
are purely oxygen, the collision luminosities are deter-
mined as L = 2.34 ± 0.09 cm−2s−1 and 17.2 ± 0.69
cm−2s−1, respectively3).

Fig. 2. X and Y distributions for Ee = 150 and 300 MeV

During the luminosity measurements mentioned
above, elastically scattered electrons from the trapped
residual gases were measured simultaneously using a
newly installed high-resolution large-acceptance mag-
netic spectrometer, WiSES (Window-frame Spectrom-
eter for Electron Scattering)4). As the elastic scatter-
ing cross section for oxygen is also well known, the
collision luminosity will be independently determined
from the elastic scattering events soon, and the results
should be compared with that determined by the lu-
minosity monitor.
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