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e-beam

DT1 DT2 DT3

e-collector

Principle of
EBIT (EBIS)

A high density e-beam
compressed by strong B-
field ionizes trapped ions : :
successively. 5 e \\=
Axial potential applied to the Space Charge i
drift tube and the space Potential of e-beam |

oo = HCI-beam

Trapped Ions

charge of the e-beam
confine the ions.

Observation slits at the
middle of the drift tube
enable spectroscopic
studies.

The trapped ion can be
extracted through e-
collector as an HCI beam.

Magnetic
Field
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Tokyo-EBIT

at The Univ. of Electro-Communications

MBX. Ee: 200 keV (achieved)
Max. le: 330 mA (achieved)

ANY ion can be produced !!!
(any charge state, any element)

Middle of the trap




CoBIT (Compact, Corona EBIT)

LN2 tank

- Ton trap

ﬁj\ e-gun

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)



EBIT parameters

Ee: 0.1-200 keV
le: 0-300 mA
Ne: 10°12 cm:3
Ni: 1081 cm;3
Ti: 100-1000 eV

1,00 °L EWAE,

EFEE n, (1012cm™)




Electron Beam lon Trap (EBIT)

- device for producing and trapping highly charged ions -

Electron Beam Ion Trap
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Polarization measurements

500

’r Ly- o

H-like Ti
—_— i E.: 10.6 keV

An EBIT is a useful device to study AT LN
the anisotropy of the radiation |
because it has a monoenergetic
unidirectional electron beam. =

0

200

Observations are usually done at T T T o

X-ray energy (keV)

90° with respect to the e-beam. s

From the difference between the
experimental intensity ratio and

the 4 7t integrated line intensity

ratio, the polarization of the line
can be deduced.
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EUV spectrometer for CoBIT
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Atomic Processes in an EBIT

A

Resonant
nlectron capture
Electron beam

Autoionization
Electron Impact

inner-shell ionization

Dielectroni
recombin

Electron impact
ionization

Electron impact

excitation
Ra@hative recombination (RR)




Resonant processes in e-HCI collisions

~ Dielectronic recombination (DR)~
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X-ray observation

e-beam

e Traﬁd HCIs

equn |\ P/ 0T
e [ —
= ——

% Ge detector

e— N
—

Voltage control for the ion trap region t




Dielectronic recombination

X-ray observation for iron ions
B.O'Rourke et al., NIMB 205 (2003) 378
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DR Cross gection

Experiment
Theory
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Dielectronic recombination
X-ray observation for tungsten ions
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lonization Cross Section Measurements

through  RR observation -Principle-

— 4
Charge change inside EBIT v

lonization .
PN Coupling between
H-like and bare ions
(it is rare that the charge
state changes by two at a time)

RR
w7

charge exchange i
:(Gbare—>H +
theory

< RR
N bare O H_bare ) ] bare

[RR

~ RR
NH O bare—H
Equation at equilibrium theory measure




lonization Cross, Section Measurements

through'RR observation -RR spectrum-

X-ray spectrum at
fixed Ee (15 keV) Ferae=n
nBa.rlra

Ee

5000 - J/ Fa RR(I’I=2) H-like

'& - H-like |

\ RR spectrum
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lonization Cross, Section Measurements

through RR observqyon -Results-
e + Fe® — Fe®" + 2e
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