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Highly Charged Ions

An HCI is any atom that has been stripped off a large number of electrons (𝑄 ≫ 1), so that
the total energy yielded during re-neutralization (𝐸0) is outside the realm of 𝐸0 ≫ 10 𝑒𝑉

Definition

multiply charged or multi charged ions     - 𝑄 = 2 ~ 9, 𝐸0< 1000𝑒𝑉
Very highly charged ions such as Uranium - 𝑄 = 92, 𝐸0 ~ 750,000 𝑒𝑉

Note: Overlap

Scope Argon losing 13 – 16 electrons.

Atom size: 100 pm (Å)

HCI size: few pm

Development and Commissioning of a Compact Electron Beam Ion Trap for Highly Charged Ion Studies
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Ph.D Thesis

Redefinition of Second



HCI Candidates
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Mobile Clock

LVIS(Low Velocity Intense Source) using Yb atom 
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25.04.04 16-side coil flange
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1.33’’ =33.782mm

8.4mm

64m, ~1.4 Ohm

Mobile Clock – MOT Coils
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Mobile Clock – Laser Setup

399nm Yb atom CCD Camera Image of Yb atomsError Signal



UNIST-EBIT (Electron Beam Ion Trap)
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Center for High Energy Astrophysics

Max Planck Institute of Nuclear Physics



What is Electron Beam Ion Trap?

• Electron beam ion sources and traps(EBIS/Ts) are the device which create and 
study highly charged ions (HCIs) ([1] p1763)

• Distinction between EBISs and EBITs([1] p1763 – p1764)

• EBISs are used to deliver ions to other experiments while

• EBITs are used for in situ studies of the ions.

Abbreviation

• EBIS – Electron Beam Ion Source

• EBIT – Electron Beam Ion Trap

• HCI – Highly Charged Ion
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Overview of UNIST-EBIT

DOI: 10.1063/1.5026961

• Low-maintenance

• Table-top

• Magnetic structure:72 permanent magnets, soft 
iron/magnetic steel yoke

• 0.86T at trap center

• Tunable electron beam energy to 8 keV

• Electron beam current up to > 80mA

• Excellent optical access, opening angle of 58 degree



Trapping the ions

Radial Trapping – Space charge of the electron beam & Axial Trapping – Potential well by the drift tubes.
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UNIST-EBIT

Highly Charged Argon Spectrum

UNIST EBIT Works!
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Highly Charged Argon Spectrum with the UNIST-EBIT

KLL Dielectronic Recombination(DR)
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Learning Laboratory Astrophysics

MPIK Polar-X EBITNASA gas cell BESSYII Beamline

BESSY II Experiment 2017.10
MPIK / NASA / LLNL …

PETRAIII P04 Beamtime
2018.11.29 – 2018.12.05
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PAL-XFEL (Pohang Accelerator Laboratory X-ray Free Electron Laser)

[PAL-XFEL Beam Times: 2022.01.26 ~ 2022.01.27 2 shift(12hours) x 2 days(10:00 ~ 22:00)]

PAL-XFEL Experiment
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PAL-XFEL Beamline Experiment (Movement)

5-ton Truck (Due to the Rack height)Package of the EBIT (UNIST) Package of the EBIT (everything)

Vacuumize + E-gun Heating Connection to the PAL-XFEL Beamline
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PAL-XFEL Beamline Experiment

Highly Charged Argon Fluorescence Titanium Line
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