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Some particular transitions in highly charged ions
(HCI) are sensitive to possible time variation of the
fine structure constant. High-precision spectroscopy
of such transitions can be a new probe for the ver-
ification of fundamental physics.1,2) To perform such
spectroscopy, ion trapping and cooling of HCI are in-
dispensable. Schmöger et al.3) observed Coulomb crys-
tallization of highly charged Ar in a linear RF trap;
however, no spectroscopy has been performed yet. We
designed and constructed a compact cryogenic setup in
which a microscopic electron beam ion trap (µ-EBIT)
and a linear RF trap are enclosed.4) In this setup, HCI
are generated in the µ-EBIT, while laser-cooled Be+

ions are stored in the linear RF trap. Since the two
traps are arranged collinearly, the center axis line must
be reserved for the cooling laser path. Additionally,
preserving the super-high vacuum necessary for storing
HCI precludes the use of any hot electron source. We
developed a cold cathode electron beam source with
an “off-axis” geometry to fulfill such constraints.

Figure 1 shows the geometry of the electron beam
source with electron beam trajectories, which are sim-
ulated by SIMION8.0 code. The cold cathode has a
through hole for the laser path, and a Coniferous Car-
bon Nano Structure (CCNS) is generated on the sur-
face in advance.5) When a high voltage is applied to
the anode, field emission electrons are extracted from
the cathode surface. The emitted electrons fly accord-
ing to the electron optics, and some fraction of them
will reach the trap region with the energy given by the
cathode voltage.

After an aging process was performed by applying
high voltages for a long time under ultra-high vacuum
condition, we obtained an I-V characteristic plot of
the electron beam source, as shown in Fig. 2. The cir-
cle plots represent the electron beam intensity reaching
the trap region and the square plots represent the total
emission from the cold cathode. The electric current
(I ) and voltage (V ) were measured by monitoring the
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power supply output while changing the anode voltage.
The cathode voltage was fixed at 300 V. A typical in-
tensity of >0.1 mA at 300 eV in the trap region with
an efficiency of >50% was achieved.

In order to focus the electron beam in the µ-EBIT,
a strong magnetic field needs to be applied using hand
wound coils of a superconducting wire.4) As the next
step, will generate HCI such as Ho14+ in the µ-EBIT,
and try to crystallize the HCI in the linear RF trap by
sympathetic cooling with laser-cooled Be+.

Fig. 1. Sketch of electron beam source with trajectories

calculated using SIMION 8.0.

Fig. 2. I-V plot of electron beam of 300 eV.
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Doughnut-shaped gas cell for KEK Isotope Separation System†
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We have developed the KEK Isotope Separation
System (KISS)1) to study the β-decay properties of
neutron-rich isotopes with neutron numbers around N
= 126 for astrophysics research.2) KISS uses a laser
ion source to produce pure low-energy ion beams of
neutron-rich isotopes in the region around N = 126,
which are produced in multi-nucleon transfer reactions
by impinging a stable 136Xe beam with an energy of ap-
proximately 10 MeV/nucleon on a 198Pt target.3) The
extraction efficiency from the laser ion source, namely
an argon gas cell, was as low as 0.01%. The low extrac-
tion efficiency stems from the plasma induced by the
primary beam injection into the gas cell, which is be-
lieved to reduce the ionization efficiency and selectivity
of the laser ionized atoms.

It is straightforward to increase the production
yields of unstable nuclei by increasing the primary
beam intensity. However, the plasma effect obstructs
the increase of beam intensity. To overcome the dif-
ficulty, we have developed a doughnut-shaped argon
gas cell with a rotating target. Figure 1 shows a
schematic 3D view of the doughnut-shaped gas cell.
The doughnut-shaped gas cell has an aperture for
transporting the primary beam without entering the
gas cell and a large window (polyimide foil 5 µm
in thickness) for implanting the target-like fragments
(TLFs) recoiling out of a rotating 198Pt target. Ow-
ing to the characteristic large emission angles of TLFs,
the TLFs could be injected into the gas cell with high
efficiency.

To study the performance of the doughnut-shaped
gas cell with a rotating target, we performed
on-line experiments using a 136Xe20+ beam with
10.75 MeV/nucleon and a maximum intensity of
60 pnA. Figure 2 shows the measured extraction yield
of 199Pt+ as a function of primary beam intensity. The
black square and red circles in Fig. 2 indicate the mea-
sured extraction yields with the use of the old and new
gas cells, respectively. The extraction yields were ap-
proximately 20 pps at 20 pnA with the use of the old
gas cell and approximately 260 pps at 50 pnA with
the use of the new doughnut-shaped gas cell. These
results clearly indicate that the doughnut-shaped gas
cell increased the extraction efficiency by suppressing
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Fig. 1. Schematic view of the doughnut-shaped gas cell.

The colored lines indicate the calculated argon gas flow

trajectories connected to the gas outlet, based on the

exact geometry. The color code indicates the calculated

velocity (m/s) of the argon gas flow. Here, the pressure

of the argon gas was 88 kPa.

the plasma effect. Moreover, we could increase the ex-
traction yields by increasing the primary beam inten-
sity up to 50 pnA owing to the new gas cell. However,
we observed a decrease of the extraction yield as the
primary beam intensity was increased beyond 60 pnA.
This result indicates that we could not completely sup-
press the plasma effect, and further improvements are
required to the KISS gas cell system. This will be the
focus of our future research.

Fig. 2. Measured extraction yields as a function of primary

beam intensity with the use of the old and new gas cells.

Statistical error bars are smaller than the symbols.
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