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Fig 2. Schematic representation of an EBIT.
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Oxygen ions appear in a wide range of

temperatures, particularly in the He-like

charge state due to the closed-shell

nature. This makes the understanding

of this ion of high importance for

astrophysical modeling [1, 2].

In astrophysics, the KL transitions of

he-like ions are used as plasma

diagnostic tools. The 1s2s 3S1

metastable state population is highly

sensitive to the electron temperature

and density conditions.

Fig 3. Top: Upwards and downwards scan with a

20 ms period. Bottom: Exponential fit of the

subtraction of the down scan by the up scan. The

dashed line indicates the 560 ev excitation

energy threshold.

During the experimental probing,

when the electron beam has an

energy above the excitation (CE) of

the metastable 3S1 [3], there is a

steady production of metastable

ions. Below the threshold, the

production of such ions ceases.

In the Fig 3, the downward scan is

subtracted by the upward scan for

the 20 ms period cycle. As the beam

energy goes below the threshold, the

metastable population starts to

decay exponentially. It was possible

to observe a population decay with

an experimental lifetime of around

0.955 ms that starts around the

excitation threshold (~560 eV),

thereby confirming the emission of

this metastable state.

An Electron Beam Ion Trap (EBIT) is a device where an injected gas is

simultaneously ionized and trapped by an electron beam. To increase the

ionization rate and the radial trapping potential, the electron beam is compressed

by a strong magnetic field, thereby increasing the current density.

Fig 4. Left: Theoretical Direct-Impact excitation cross section of the metastable state. Right:

Experimental intensity as a function of electron beam energy and photon energy.

The direct impact excitation process 1s2s + e- ⟶ 1snl + e- has an extremely high

cross section. This process appears to be present in the experimental data, as

shown in the Figure 3. Currently, there are no measured cross-sections of this

process, which is a key process in astrophysics diagnostics. Efforts are

undergoing in data analysis, as well as in evaluation of theoretical cross-sections

based on Flexible Atomic Code (FAC) [4] and Multiconfiguration Dirac-Fock

(MCDF) [5]. Moreover, we will provide theoretical line ratios of He-like oxygen,

benchmarked by laboratory measurements, which are extensively used in

astrophysics.

Fig 1. Generic level diagram of a He-like ion.

Adapted from [1].

Ratios between the so-called w, x, y and z lines are used to determine these

conditions.

𝜏 ~ 955 μs

CE threshold
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