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EUV spectra of lanthanide ions
observed with an EBIT
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Our work on Sn spectra
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Our work on Sn spectra
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EUYV spectroscopy of highly charged ions
with high- and low-energy EBITSs
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Introduction

A

EUV spectra of lanthanide ions
SR ALl with charge states near Pd-like.

LaN/B4C

O’Sullivan et al.
Phys. Scr. 90, 054002

Wavelength (nm)

-



e-beam
e-collector

Electron beam
ion trap (EBIT)

DT1 DT2 DT3

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

Axial trap: well-like potential
Radial trap: Space Charge |
AXiaI B'ﬁEId prOduced by SCM Potential of e_beam E
e-beam space charge ’

i | Trapped Ions

Highly charged ions are produced
through successive ionization by the
e-beam.

Electron energy limits the highest
charge.

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




Compact EBIT (CoBIT)

Nakamura et al., Rev. Sci. Instrum. 79 (2008) 063104

High Tc SCM

lon trap

e-gun

Specifications

e-beam energy 0.1 - 2 keV
e-beam current 20 mA (max)
Magnetic field 0.2 T (max)

Temperal’?e 77 K (High-Tc SCM)



Experimental setup

visible spectrometer

effusion cell (Jobin Yvon HR320)
(injector for metallic element)

back illuminated CCD

nd

flat field grazing incidence EUV spectrometer
with a HITACHI grating (001-0660, 1200 gr/mm)




Electron energy dependence

- Typical spectra for Au -

Kobayashi et al., Phys. Rev. A 92 (2015) 0225510
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CoBIT spectroscopy

* Simple spectra
—with a narrow charge distribution
—dominated by transitions to the ground state

* Charge state that should be assighed for each
emission line can be determined from electron
energy.dependence

* Good benchmark for models



EUV spectra of gadolinium (Z=64)
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EUV spectra of holmium (Z=67)
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Summary and outlook

CoBIT is a powerful device for studying spectra of
highly charged ions relevant to EUVL.

EUV spectra of Gd to Ho have been observed for
studying the emission features near 6.x nm.

Concentration.of emission from adjacent charges
has been confirmed for Gd at x~8.

CR model'calculations are in progress for detailed
understanding of the spectra.

Observations for Mo are alsoiin progress for the
data relevant to BEUVL and water window.



EUV spectra of Mo
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