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Electron beam 
ion trap (EBIT)

A Penning-like trap
+ a high energy e-beam.

Axial potential applied to the drift 
tube (DT) and the space charge of 
the electron beam confines the ions.

Highly charged ions are produced 
through successive electron impact 
ionization with a high density 
electron beam compressed by a 
strong magnetic field.

Radiation from the trapped ions can 
be observed through the 
observation slits opened at the 
middle of the ion trap.

The ions can be extracted axially 
through the electron collector.



Spectroscopy with an EBIT
• Ionization and excitation with an unidirectional mono-

energetic electron beam
- in contrast with plasma spectroscopy -

– Narrow charge state distribution with a coronal 
plasma condition.→ Advantage in the identification of 
previously unreported lines.

– Energy dependence, Excitation function, Resonance 
processes.

– Anisotropy, Polarization.
– Capable of arbitrary changing energy, current, 

electron density.
→ Well-defined plasma.

→ Good benchmark spectra for plasma models.
– Thin line-shape source → slit-less configuration.



Compact EBIT (CoBIT)
since 2008

Specifications
e-beam energy  100 - 2500 eV
e-beam current  20 mA (max)
Magnetic field    0.2 T (max)
Temperature      77 K (High-Tc SCM)

Wq+ (q~30)

Acknowledgement: NINS collaboration project



Experimental setup for CoBIT

visible spectrometer
(Jobin Yvon HR320)effusion cell

(injector for metallic element)

gas injector

flat field grazing incidence EUV spectrometer
with a HITACHI grating

CoBIT

W(CO)6
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The first result from CoBIT:
Observation of known visible lines of Kr

Ionization energy
Kr15+ → Kr16+ 538 eV
Kr16+ → Kr17+ 588 eV
Kr17+ → Kr18+ 640 eV

Kr16+

545.3nm

Nakamura et al., RSI 79 (2008)
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The first tungsten result from CoBIT:
Previously unreported visible line in W26+

Komatsu et al.
Phys. Scr. T144 (2011) 014012

Ionization energy
W25+→W26+: 784 eV

Cd-like W26+: 4f2

M1 transitions in the 
ground state configuration:
3H5 – 3H4: 389.41(6) nm



The W data status at that time

The only one visible (UV) line in highly charged 
tungsten reported up to that time.



Komatsu et al.
Plasma Fusion Res. 7, 1201158 (2012).

Subsequent studies:
A lot of previously-unreported lines
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Charge state verification
1. TOF analysis of ions in the trap

TOF results

14+
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Visible spectra
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Charge state verification
2. Atomic number dependence (ex. Pm-like)
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Z=74,79,83: CoBIT
Z=75-78: Heidelberg

(Bekker, JPB 48)
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The energy level of Cd-like W26+

26+ (4f2)

27+ (4f)

6,722,000 cm-1

Fine structure in the ground state configuration

Ding et al., J. Phys. B 44 (2011) 145004



Benchmarking calculations
for some identified lines

Wavelength of M1 transitions between ground state fine 
structure levels of Cd-like W26+ (4f2).

Ding et al., J. Phys. B 44 (2011) 145004



Benchmarking calculations
for some identified lines

Kobayashi et al., PRA 92 (2015) 022510

Wavelength (nm) of M1 transitions between fine structure 
levels in Pm-like W13+ (4f135s2).



Benchmarking calculations
for some identified lines

Fine structure splitting of the ground state in W7+ (4f135p6).

Mita et al., submitted to ATOMS
https://arxiv.org/abs/1611.01261

indirect

direct



However…
A lot of lines are still awaiting their identification.

Komatsu et al., Plasma Fusion Res. 7, 1201158 (2012).
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Summary

• A compact EBIT, CoBIT is a powerful device for observing and 
identifying previously unreported lines of highly charged tungsten ions.

• A lot of previously unreported lines have been observed in the EUV 
and visible ranges.

• Charge state assignment has been done based on
– electron energy dependence,
– TOF analysis of the ion in the trap,
– atomic number dependence,
– charge state dependence.

• Some transitions have been identified, which can be used for 
benchmarking calculations.

• However, it is generally difficult to identify the transitions for many 
electron systems due to the complicated electronic structure.
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Thank you for your attention.


