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ABSTRACT: In this paper, we present recent activities at the Tokyo EBIT after giving an overview
of the present status of the devices. We have been studying dielectronic recombination processes
by means of several techniques. In addition to X-ray observations and charge abundance obser-
vations, 2-photon observations have been recently used to study DR processes which emit two
photons successively (but practically simultaneously). Recent efforts on spectroscopic work are
mainly concentrated on Fe and W ions, which are relevant to astrophysical and fusion plasmas.
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Several spectrometers that can cover a wide range of wavelength, such as visible, EUV, and X-
rays, were used for accumulating useful data for plasma diagnostics applications. HCI-surface
collision processes were studied using ions extracted through the beam line, that has recently been
modified. Very highly charged ions up to Bi81+ were used for studying the effect of huge potential
energy.

KEYWORDS: Low-energy ion storage; Ion sources (positive ions, negative ions, electron cyclotron
resonance (ECR), electron beam (EBIS))
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1 Introduction

We are using two electron beam ion traps (EBITs) for studyingthe structure and the atomic pro-
cesses of highly charged ions. One of them is a high-energy EBIT, called the Tokyo-EBIT [1–3],
that was built in 1995 and has been being stably operated eversince. Another is a low-energy EBIT,
called CoBIT [4], that was built recently for efficiently studying moderatecharge state ions. The
complementary use of these two EBITs allows us to study ions over a wide range of charge state.
In this paper, we present recent activities with these EBITs.

2 Present status

Parameters of the two EBITs in Tokyo are shown in table1. The maximum electron beam energy
and current of the Tokyo-EBIT achieved so far are 180 keV and 330 mA respectively, while typical

Table 1. Operational parameters of the Tokyo-EBIT and CoBIT.

Tokyo EBIT CoBIT

Max. electron energy (keV) 180 2.5
Max. electron current (mA) 330 20

Max. magnetic field (T) 4.5 0.2
Cryostat temperature (K) ≤4.2 77

Coolant Liq. He Liq. N2

Height (m) ∼ 4 ∼ 0.4

– 1 –
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Figure 1. Typical charge state spectra of highly charged ions extracted from the Tokyo EBIT.

operational parameters are in the range of 10-90 keV with 100-150 mA. Highly charged ions pro-
duced with such a high-energy, high-current electron beam can be not only stored for spectroscopic
studies but also extracted for collision experiments. Typical charge state spectra of extracted ions
are shown in figure1. As shown in the figure, very highly charged ions up to Bi81+ can be used for
collision experiments [5]. The intensity of the HCI beam with a cross section of 1 mm2 is 103−5

counts per second, depending on charge state. Recently, thebeam line has been modified with the
aim of increasing the intensity. In the previous system [6], an electrostatic bender has been used
before a charge analyzing magnet. On the other hand in the present system, the electrostatic bender
has been omitted and the analyzing magnet is placed just above the EBIT. As a result, the path
length between the EBIT and the collision chamber has been much shortened and simplified. The
performance of the modified line is currently being tested.

Although the Tokyo EBIT has been operated with lower electron energies such as 1 keV or
less, the stability in such operation is not so good that an electron current of only a few mA is
available. Thus we built the compact device CoBIT for effectively studying moderate charge state
ions that can be produced with an electron energy of 1 keV or less. Not only the electron energy
but also the electron current and the magnetic field are rather small compared with the Tokyo-EBIT
as shown in the table; such parameters allowed us to downsizethe device. Diagnostics using EUV
and visible spectrometers proved that CoBIT is a powerful device to produce and study moderate
charge state ions that are important for the application in the plasma physics and so on. The details
of CoBIT and the results of recent operation are shown in elsewhere in this volume.

– 2 –
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Figure 2. Setup for visible spectroscopy.

3 Spectroscopic studies

3.1 Spectroscopy of tungsten ions

Since tungsten is a major candidate for the divertor material of ITER, its spectroscopic data are
strongly needed for diagnosis and control of the high temperature plasma in ITER. By using the
two EBITs, we are systematically measuring spectra of highly charged tungsten ions with a wide
range of charge states over a wide range of wavelength. In particular, we are currently interested
in the visible region because a lot of effort has already beenpaid for the shorter wavelength range
such as VUV and X-rays at several EBIT facilities [7–9]. Figure 2 shows the typical setup for
visible spectroscopy [10], which is used both for the Tokyo-EBIT and for CoBIT although the
focal length and the size of the lens are changed depending onthe ion source used. Tungsten is
injected into the EBIT as a vapor of W(CO)6 through a gas injection system. To distinguish the
lines of tungsten from those of carbon and oxygen, spectra were also observed while injecting CO
and O2 and compared with the spectra obtained with W(CO)6 injection. The charge state of the
tungsten ion responsible for the observed line can be identified from the appearance energy by
observing electron energy dependence although the comparisons with theoretical calculations are
needed for the detailed identification. Resent results willsoon be published elsewhere.

3.2 Spectroscopy of iron ions

For the diagnostics of the solar corona with the solar physics satellite Hinode, spectroscopic data
of highly charged iron ions with charge states around 10+ areneeded. Under the collaboration with
the Hinode project, the EUV spectra of iron ions has been being studied for a wavelength range
of 10-30 nm. One of the most important subjects is to observe the electron-density dependence of
line intensity ratios to test the collisional radiative models used in the density diagnostics [11, 12].
Although the electron density can be controlled by changingthe electron beam current or the central
magnetic field (or both), it is generally difficult to know theabsolute density. Recently, we have
installed a slit near the electron beam in the EBIT to obtain the image of the electron beam based
on the principle of a pin-hole camera. From the observed image of the electron beam, the radius
and thus the density of the electron beam can be obtained [13–15].

– 3 –
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Figure 3. Setup for two photon observation.

4 Dielectronic recombination measurements

Dielectronic recombination (DR) of highly charged ions is one of the most important processes
in plasmas. An EBIT is a useful device for studying DR processes of highly charged heavy ions
since it has a (quasi-)monoenergetic electron beam whose energy can be easily and rapidly con-
trolled [16, 17]. By using the Tokyo-EBIT, we have been studying DR processes through both
X-ray observations [18] and ion abundance measurements [19, 20]. The former has the advantage
that absolute cross sections can be obtained by normalizingthe X-ray intensity of DR to that of
radiative recombination (RR), for which reliable theoretical cross sections can be obtained. On
the other hand, it has the disadvantage that it is difficult toresolve the charge states mixed in the
EBIT due to the intrinsic energy resolution of a solid state Ge detector. In contrast, the latter has
the advantage that charge-state resolved measurements arepossible although it is difficult to obtain
absolute cross sections. The ion abundance measurement is thus suitable for open shell systems for
which it is difficult to concentrate the abundance on a singlecharge state.

In the previous X-ray measurements, a single detector was used at an observation angle of 90
degrees with respect to the electron beam. In the stabilization of the intermediate doubly excited
state, however, two photons are generally emitted successively (but quasi-simultaneously). For
example, twoK X-rays can be emitted inKLL DR of a H-like ion:

e+Aq+(1s) → A(q−1)+∗∗(2l2l ′)

→ A(q−1)+∗(1s2l ′)+hν1 → A(q−1)+ +hν2.

In the experiments with a single detector, one of these two photons has been observed. Recently,
we have been measuring these two photons in coincidence using a pair of Ge detectors. One of the
motivations for this coincidence measurement is to obtain the angular correlation between these
photons. A few theoretical studies have demonstrated the correlation [21], but it has never been
confirmed experimentally so far.

Figure3 shows the typical setup for the two-photon observation. Signals from two Ge de-
tectors were recorded with a multi-parameter data acquisition system (IWATSU A3100). Both the
pulse height (X-ray energy) and the arrival time of each signal were stored in the list mode. The

– 4 –
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system is currently being tested through the coincidence measurement of K and L X-rays emitted
in the KLM-DR process of Ba ions.

5 Interaction of HCIs with surfaces

A highly charged ion has so huge potential energy that a single ion impact can induce drastic
changes on a surface even if it has no kinetic energy at all (e.g. see [22] and references therein).
For example, it is known from previous studies that a nano-structure is created with a quantum
efficiency of unity for various kinds of surfaces [23]. The size and the shape of the structure are
found to be strongly dependent on the charge state of the incident ion, the physical properties of
the surface and so on [24, 25], but the detailed mechanism is still unclear so that further studies
are needed. Microscopic observations is ongoing with a scanning tunnelling microscope directly
connected to the beam line of the Tokyo-EBIT.

6 Summary and outlook

The complementary use of the high-energy and low-energy EBITs allows us to study highly charged
ions over a wide range of charge state. Spectroscopic studies over a wide range of wavelength are
ongoing using various types of spectrometers. In addition,by using the ion extraction system of the
Tokyo-EBIT, the collision processes of highly charged ionswith electrons and surfaces are studied.
For further studies, new spectrometers and a coincidence system for two photon observation has
been developed. An ion extraction system for CoBIT is also currently being developed.
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