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In the past few decades, X-ray astronomy satellites equipped with grating spectrometers and microcalorimeters
have enabled high-resolution spectroscopic observations of astrophysical objects. The need for accurate atomic data
has arose as we attempt detailed analysis of the high-resolution spectra they provide. This is because current spectral
models, which heavily rely on theoretical calculations, entail non-negligible uncertainties. We employ a plasma
spectroscopy device called electron beam ion trap (EBIT) to experimentally obtain precise atomic data. An EBIT with
a design that allows combined operation with synchrotron radiation facilities was developed based on the Heidelberg
Compact EBIT and installed at ISAS/JAXA for this purpose. We conducted a spectroscopic experiment using the
JAXA-EBIT at the synchrotron radiation facility SPring-8, and successfully obtained high-resolution spectra of the
Lo resonance transition of Ne-like Fe!®" ions, 3C, as well as the Ka resonance transition of He-like O° ions. We also
measured another Ne-like Fe'®* La resonance transition, 3G, and constrained an upper limit of the oscillator strength
ratio of 3G to 3C, using our experimental results. The experimental values obtained in this study will be applied to
observational studies of astrophysical objects as a part of the plasma spectral modeling.
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1. Introduction

Various astrophysical objects, including supernova rem-
nants and galaxy clusters, consist of X-ray-emitting hot
(~ 10°# K) plasma (e.g., [1]). XRISM [2] satellite’s spectrom-
eter, Resolve [3], provides exceptional spectral resolution
AE/E ~ 8 x 10 at 6 keV [4], resolving the fine iron K-shell
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emission line structures (e.g., [5]). Such high resolving power
enables us to perform precise diagnostics of astrophysical
plasmas, including detailed measurements of velocity struc-
tures [6, 7] and elemental abundances [8] of the astrophysical
objects. The observed spectra are often analysed by compar-
ing them with theoretically synthesized spectra using plasma
modeling frameworks such as AtomDB/APEC [9, 10], SPEX
[11], and CHIANTI [12, 13]. The accuracy of the atomic data
used in those frameworks is crucial for reliable plasma diag-
nostics using high-resolution spectra. However, currently used
atomic data, which heavily rely on theoretical calculations,
entail non-negligible uncertainties up to 30-40% depending on
the transitions [14]. Laboratory measurements are necessary
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Fig. 1.

Schematic diagram showing the mechanism of HCI production and trapping inside the JAXA-EBIT, as well as the detection of the photons emitted

from the resonant photoexcitation processes of HCIs irradiated with the monochromatic X-ray photons of the synchrotron radiation, which is

introduced coaxially through the EBIT drift tube.

to obtain precise values. To address this issue, we considered
the use of an electron beam ion trap (EBIT) [15], an experi-
mental apparatus designed to produce and trap highly charged
ions (HCIs) using a monochromatic electron beam and to mea-
sure their X-ray emission.

Since the development of the EBIT at Lawrence
Livermore National Laboratory (LLNL) in the 1980s, various
experiments to measure atomic data have been carried out
through spectroscopic observations of EBIT plasmas using
different types of EBITs operated at, for example, LLNL,
National Institute of Standards and Technology (NIST), and
Max-Planck-Institut fiir Kernphysik (MPIK). These experi-
ments have targeted a variety of transitions in elements of
astrophysical importance, including oxygen [16], silicon [17,
18], sulfur [18, 19], argon [20, 21], and iron [22, 23]. Thus far,
such experiments have been conducted primarily with EBITs
alone, where the emission from EBIT plasmas induced by
electron-impact excitation and recombination was observed
with crystal or grating spectrometers and microcalorimeters,
allowing precise determinations of, for instance, line inten-
sity ratios, centroid energies, and excitation cross sections,
through passive spectroscopy (e.g., [19, 22, 24]). In recent
years, the development of EBITs designed to allow syn-
chrotron radiation to be injected into the trapped plasma,
such as the FLASH-EBIT [25] and the Heidelberg Compact
EBIT (HC-EBIT) [26], has enabled the reproduction of tran-
sitions driven by photon—ion interactions, such as resonant
photoexcitation processes (e.g., [27, 28]) (Fig. 1). These pro-
cesses are of crucial importance in astrophysical plasmas but
could not be realized with EBITs alone. Moreover, by exploit-
ing the high monochromaticity of synchrotron radiation,
active spectroscopy—performed by scanning the incident pho-
ton energy—has become possible, providing excellent energy
resolution surpassing that of existing X-ray spectrometers.
Kiithn et al. [29] has successfully obtained the oscillator
strength ratio of two L-shell transition lines (referred to as
3C and 3D) of highly charged iron ions, with a systematic
uncertainty of = 2%, using this technique.

With the aim of making such an EBIT-based experimen-
tal technique capable of high-accuracy atomic data measure-
ment for a wide variety of elements more accessible to the
Japanese astronomical community, we developed, in collabo-

ration with MPIK, a compact EBIT based on the HC-EBIT
design, which can be operated in conjunction with synchrotron
radiation facilities. This device, hereafter the JAXA-EBIT, was
completed and installed at ISAS/JAXA in 2022. The details
of the specifications and performance of our device are
reported in [30]. As a first step of comprehensive atomic data
measurement using the JAXA-EBIT, we focus on the L-shell
transition lines of highly charged iron ions (also known as
the Fe-L complex). The lines in the Fe-L complex are fre-
quently highlighted in observational studies of galaxy clus-
ters (e.g., [31, 32]) and supernova remnants (e.g., [33, 34]).
In particular, we examine the resonance lines from the
[pr/z 3d3plj — [2p%]; (3C) and [2P§/2 381/2) 71— [2p%]50
(3G) transitions in Ne-like Fe'** ions. These lines are one of
the most prominent spectral features among the Fe-L complex
that are useful in measuring various types of astrophysical
properties thanks to their excellent photon statistics. How-
ever, the complexity of the multi-electron system obstructs
precise theoretical calculations, and the intensity ratio of these
two lines has been known to show discrepancies between
observational, experimental, and theoretical values [35, 36].
Such discrepancies are considered to result from the compli-
cated effect of electron collision, the quality of fundamental
wave functions, and the accuracy of atomic data, such as
oscillator strengths. A high-resolution photoexcitation spec-
troscopy of HCIs, using the EBIT and synchrotron radiation
together, can provide precise measurements of the centroid
energies and oscillator strengths of these transitions.

2. Experiment

We aim to precisely measure the centroid energies as
well as intensities of Ne-like Fe'** 3C and 3G lines, and
experimentally constrain the oscillator strength ratio of 3G to
3C (i.e., f3g/ f3c) within the precision of 10%; a typical pre-
cision requirement for observational studies of astrophysical
objects. Note that theoretically calculated oscillator strengths
of Ne-like Fe'* 3C and 3G lines, provided in AtomDB based
on [37], are 2.49 and 0.126, respectively. Therefore, we
brought the JAXA-EBIT to the soft X-ray beamline BL17SU
[38] at the synchrotron radiation facility SPring-8 [39] and
conducted a six-day beam-time experiment to perform active
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Fig. 2. Photograph of the JAXA-EBIT connected to BL17SU, SPring-8, with key components in our experimental setup.

spectroscopy on the resonant photoexcitation processes of
EBIT plasma.

2.1 Experimental setup and technique

A photograph of the experimental setup is shown in Fig. 2,
and a schematic diagram of this experiment, along with main
components of the setup, is presented in Fig. 1. At the soft
X-ray beamline BL17SU, the synchrotron radiation beam
emitted from the helical-8 undulator (ID17) [40] is mono-
chromatized by a grating monochromator [38, 41]. BL17SU
provides a photon beam with high monochromaticity (AE/E
~ 1 x10™) and flux (~ 10" photon/s) according to the nomi-
nal performances. The incident photon energy was calibrated
prior to the beam-time by conducting X-ray photoemission
spectroscopy (XPS) measurement of 4f electrons from the
thin Au foil using an XPS apparatus, which was located
downstream of our EBIT. A Kirkpatrick-Baez (KB) mirror
[42] system refocuses the photon beam at the position of the
JAXA-EBIT trap region a few meters downstream.

We connected the JAXA-EBIT to BL17SU branch-a
through a differential pumping system. Monochromatized syn-
chrotron radiation was irradiated onto the HCIs produced in
the EBIT, and X-ray photons were resonantly absorbed, induc-
ing resonant photoexcitation, and re-emitted by the HCIs.
These photons were detected by a silicon drift detector (SDD),
equipped with a 500 nm thin aluminum filter, mounted on
the side of the central trap region. KETEK VITUS HI150
SDD was employed in our experimental setup. VITUS H150’s
circular detection surface is 13.6 mm in diameter, with a col-
limated area of 143 mm? and an absorption depth of 450 um.
Its operating temperature is typically around 228 K. To effi-
ciently detect the X-ray photons emitted by resonant pho-
toexcitation processes, the SDD was mounted perpendicular
to the beam axis and the polarization direction of the incident
photon beam; in this experiment we only used the vertically
polarized photon beam. We change the incident photon energy
step by step to search for resonance events (Fig. 3; hereafter
we call this method a scan). By measuring the dependence of
detected photon counts of each line on the incident photon
energy, we can obtain high-resolution spectra, utilizing the
excellent monochromaticity of the synchrotron photon beam.
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Fig. 3. Schematic diagram of the resonant photoexcitation process (top)

and the conceptual drawing of the spectrum obtained by scann-
ing incident photon energy (bottom). The scattered photon has
the same energy as the incident photon.

We also installed an Au foil photoelectron meter that can be
inserted onto the beam axis when needed upstream of the
JAXA-EBIT to monitor the incident photon beam flux.
When the photon beam is incident on the Au foil, a photocur-
rent proportional to the beam flux is generated. We inserted
the photoelectron meter onto the beam axis before and after
performing each scan and recorded the photon beam flux.

In this experiment, highly charged iron ions including
Ne-like Fe'*, the HCI of interest, as well as highly charged
oxygen ions including He-like O%, which is utilized in the
beamline alignment process described in the next section,
were produced by the electron-impact ionization of neutral
atoms at the EBIT trap region. In our experimental setup,
neutral iron was injected into the trap region as a molecular
gas of ferrocene (Fe(C;Hs),), while neutral oxygen was inher-
ently present in the EBIT chamber as residual gas including
H,0, O,, and CO,. The molecules are dissociated into atoms
once they interact with the electron beam.

2.2 Beamline alignment and optimization

In the first step of our experiment, we carefully aligned
the JAXA-EBIT to overlap the incident photon beam with the
ion cloud trapped in the EBIT. First, we roughly adjusted the
position of the EBIT by visually checking the position of the
synchrotron photon beam on the YAG screen installed at
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the downstream end of the EBIT vacuum chamber (far right in
Fig. 2). Then we further adjusted the position by maximizing
the count rate of the Ka photons emitted from the resonantly
excited He-like O%, to confirm that the maximum overlap
between the HCI cloud and the synchrotron photon beam is
achieved. We used oxygen Hea resonance for alignment
because the line emission intensity is sufficiently high and
the transition energy is well known; thus it is easy to detect
using our experimental system.

After confirming the overlap of the ion cloud and pho-
ton beam, we searched for the actual resonance energy of
each line by roughly scanning the range of + 1.5 eV around
the resonance energy of the literature value. Due to uncer-
tainties in the synchrotron beam energy calibration, the reso-
nance energy is expected to deviate from the literature value.
Based on the measured resonance energy, we optimized the
scan ranges, step numbers, and slit widths. The energy reso-
lution of the synchrotron radiation beam is determined by the
exit-slit width of the monochromator; the energy resolution
is increased when the slit width is decreased. However, the
decrease in the monochromator slit width leads to the deteri-
oration of the signal-to-noise ratio and the possible disap-
pearance of the overlap between the ion cloud and photon
beam. The optimal slit width was determined by gradually
narrowing the slit width starting from 200 pm, adjusting the
alignment, and performing a scan for each slit width setting.

2.3 Electron beam operation

The HCIs are bred through electron-impact ionization in
the EBIT trap region. A maximum electron-impact ionization
cross section is achieved when the electron energy is about
three times higher than the ionization threshold (e.g., [43,
441). When scanning the oxygen Hea line, the electron beam
energy was fixed at 420 eV, which is selected to be about
three times higher than the ionization threshold energy of
Li-like O°* ions, 138.1197 eV [45], to maximize the number
of trapped He-like O°* ions. This electron energy is below the
threshold for direct electron-impact excitation of K-shell
electrons in He-like O (573.94 eV [46]), thereby suppress-
ing direct excitation events, a source of background.

For the iron 3C and 3G measurement, a certain kind of
electron beam operation was required since the detection of
these lines is challenging due to a high level of background
in a normal EBIT setup. Instead of fixing the electron beam
energy at a certain value, we applied the same type operation
as previous studies [29, 47] to our experimental system in
order to increase the signal-to-noise ratio by maximizing the
number of trapped Ne-like Fe'®" ions while suppressing the
background. We set the electron beam energy to 1,200 eV to
efficiently breed Ne-like Fe'®* ions, the target of our measure-
ment, which is approximately 2.5 times the ionization thresh-
old energy of M-shell electrons in Na-like Fe's*, 489.256 eV
[45], and lower than the ionization threshold energy of Ne-like
Fe's*, 1,262.7 eV [48]. However, this electron beam energy
exceeds the excitation thresholds of various Fe L-shell transi-
tions, such as 3C, 3D, 3G, M2, and 3F. This means that the
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Fig. 4. Phase-folded light curve of the detected Fe La photons within
the electron beam energy alternation period of 1 second, summed
over the results of 9 scans (total exposure time of 3,030 s) per-
formed for 3C measurement.

electron beam of this energy induces a strong X-ray back-
ground by direct electron-impact excitation of the L-shell
electrons [36]. In our experimental system, when the electron
beam energy was fixed at 1,200 eV, the X-ray events reso-
nantly emitted through photon—ion interactions could not be
distinguished from the background events due to the low
signal-to-noise ratio. In order to reduce the background, we
cyclically switched the electron beam energy between the
breeding and probing energies in a period of 1 s. During the
breeding phases, the electron beam energy of 1,200 eV was
applied for 500 ms, resulting in the production of a sufficient
amount of Ne-like Fe'**. During the probing phases, we low-
ered the electron beam energy to 250 eV for 500 ms. Previ-
ous studies [29, 36] have demonstrated that the background
from dielectronic recombination and direct electron-impact
excitation is effectively eliminated at such a low electron
beam energy of 250 eV. The electron beam at the probing
energy of 250 eV cannot produce Ne-like Fe'®", resulting in a
continuous depletion of Fe'®" due to radiative recombination
and charge exchange processes [49], as well as the loss of
HClIs from the trap [50]; thus, only the events from the first
200 ms in the probing phases are extracted (Fig. 4) for the
analysis explained in the next section.

The electron beam emission current was 0.61 mA for
the oxygen scans, and 2.2 mA during the breeding phases
and 1.7 mA during the probing phases for the iron scans.

3. Analysis and Results
3.1 Oxygen data

Figure 5 top panel shows the result of the scan around the
resonance energy of the oxygen Hea w line. A synchrotron
photon energy range of 573.63-573.93 eV was scanned in
31 steps, changing the energy 0.01 eV per step. At each
energy step, the photoexcitation signals were integrated for
60 s. We find a resonant enhancement of X-ray counts when
the incident synchrotron photon energy coincides with the
expected resonance energy of O Hea w line. Note that the
pulse heights (= 1,200 ch.) of the detected resonant events are
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Fig. 5. (top) Heat map of photon counts in each pulse-height channel,
obtained by scanning the input synchrotron photon energy around
the expected centroid energy of O Hea w line. The dotted hori-
zontal lines indicate the lower and upper limits of the region of
interest for the O Hea photons. Events registered to this region
are selected to plot the projected spectrum shown in the bottom
panel. (bottom) Count rate of the detected photons for O Hea w
line in the above-selected region, shown as a function of the
input synchrotron photon energy. 3C line is detected and fitted
with a Gaussian + linear model. The fit result is shown in a
solid red line.

consistent with that of the collisionally excited O Hea pho-
tons we measured using the same pulse-height analyzer con-
figuration prior to the beamline experiment. X-ray events
detected within the given region of interest (see Fig. 5 top
panel) are extracted and projected onto the monochromator
energy axis. The pulse-height range for the event selection is
optimized to maximize the signal-to-noise ratio. The result-
ing spectrum is shown in the bottom panel of Fig. 5, where
we successfully detect resonance events of the Hea w line
with a slit width of 50 um. This line was measured for the
purpose of aligning the EBIT and beamline, thus a scan with
narrower slit width was not performed. The spectrum is well
reproduced with a Gaussian + linear function model. The fit
parameters are summarized in Table 1.

3.2 Iron data
3.2.13C line

Figure 6 top-left panel shows the results of the scans
around the resonance energy of the Ne-like Fe'*" 3C line. A
synchrotron photon energy range of 825.4—825.9 was scanned
in 101 steps, changing the energies 5 meV per step. At each
energy step, the photoexcitation signals were integrated for
30 s. These scans were repeated 9 times to obtain sufficient
statistics in the photon counts. In this measurement, we suc-
cessfully obtained the 3C signals with a slit width of 50 pm.
We also attempted measurements with a slit width of 25 pum,
but were unable to find a signal. We perform the same event
selection for the iron 3C data as described above for the oxy-
gen data, with the region of interest determined from the
collisional-excitation measurement of Fe La (see Fig. 6 top
panels). As a result, we obtain the projected spectrum shown
in the bottom left panel of Fig. 6, where we successfully
detect resonance events of the 3C line. The spectrum is well
reproduced with a Gaussian + linear function model, where we
could not find the Lorentz wing reported in previous studies
(e.g., [29]) due to the insufficient signal-to-noise ratio and
limited energy resolution of the synchrotron radiation, which
is deteriorated by the slit width not being narrow enough.
The signal-to-noise ratio of the obtained spectrum is 0.31, cal-
culated as the ratio of the count rates given by the Gaussian
component and the linear-function background component,
within the + 1 sigma range around the central energy of the
Gaussian distribution. The fit parameters are summarized in
Table 1. The area of the Gaussian is determined to be 1.06 +
0.06 Counts s eV within 6% precision; a sufficient accuracy is
achieved to constrain the oscillator strength ratio within 10%.
3.2.2 3G line

The results of the scans around the Ne-like Fe'*" 3G res-
onance energy and the projected spectrum, extracted from the
same region of interest as the 3C data, are shown in the right
panels of Fig. 6, where we were unable to detect significant
resonance events of 3G due to the low signal-to-noise ratio.
The measured resonance energies of both O Hea w and Ne-like
Fe'** La 3C deviate from the literature values (573.94 eV
[46] and 825.83 eV [37] in AtomDB 3.1.3, respectively) by
~ 0.17 eV. Since the central energies of these lines are well
known, this shift can be interpreted as being due to the system-
atic errors in our experimental system, for instance, the uncer-
tainty in the energy calibration of the synchrotron radiation.
The actual resonance energy of 3G in our experimental sys-
tem is expected to be around 726.90 eV, which is 0.17 eV off
the current experimental value of 727.07 eV [51]. Therefore,
we scanned a synchrotron photon energy range of = 1 eV
around the expected centroid energy 726.9 eV. To be specific,

Table 1. Best-fit parameters for the oxygen Hea, iron 3C and 3G spectra.

Centroid energy (eV) Area (Counts s' eV) FWHM (eV)
O Hea w 573.776 £ 0.001 1.46 +0.06 0.092 = 0.003
Fe 3C 825.658 +0.003 1.06 +0.06 0.189 +0.009
Fe 3G 726.90 (fixed) 0.378 (95% upper limit) 0.33 eV (fixed)
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(top) Heat maps of photon counts in each pulse-height channel, obtained by scanning the input synchrotron photon energy around the expected

centroid energy of Fe 3C line (left) and 3G line (right). The dotted horizontal lines indicate the lower and upper limits of the region of interest for
the Fe La photons. Events registered to this region are selected to plot the projected spectra shown in the bottom panels. (bottom) Count rates of
the detected photons for Fe 3C (left) and 3G (right) lines in the above-selected region, shown as a function of the input synchrotron photon
energy. 3C line is detected and fitted with a Gaussian + linear model. The fit result is shown in a solid red line.

a range of 725.95-727.95 eV was scanned in 41 steps,
changing the energies 50 meV per step. The photoexcitation
signals were integrated for 30 s at each energy step. In this
measurement, the slit width was set to 100 um to ensure a
moderate energy resolution while gaining a larger photon
beam flux, since the 3G line is expected to be much weaker
than the 3C due to the oscillator strength of 3G being ~ 1/20
of 3C in theoretical calculations [37]. These scans were
repeated 10 times, which was as many scans as we could per-
form during the beam-time, in attempt to obtain sufficient
statistics in the photon counts. As with the 3C analysis, we
estimated the upper limit of the 3G photon count rate by fit-
ting the data with Gaussian and linear functions. The centrid
energy of the Gaussian is fixed at the expected 726.90 eV,
and FWHM is fixed at 0.33 eV, which is estimated by scal-
ing the 3C value by the energy and slit width ratio. A 95%
upper limit of the area of the Gaussian is determined to be
0.378 Counts s' eV.

4. Discussions

4.1 Centroid energy shift

The centroid energies, FWHMSs and photon count rates
of the measured lines are obtained by fitting the spectra with
a simple model function. The wavelengths and oscillator
strengths of characteristic X-rays can be constrained using
these parameters. The experimentally obtained line centroid
energies directly correspond to the centroid energies of the

observed X-ray line spectra, hence precise experimental val-
ues can work as benchmarks for the accurate line identifica-
tion and velocity measurement using Doppler shifts. In this
experiment, the centroid energy of the Ne-like Fe's* 3C line is
constrained to 825.658 + 0.003 eV, with a relative precision
of AE/E ~ 4 x 10°¢, which is significantly better than that of
XRISM (AE/E ~ 8 x 107*). However, we find ~ 0.17 eV
shifts from the theoretical values for both the Fe 3C line and
the O Hea w line that can be interpreted as due to systematic
errors in our experimental system, making it difficult to pre-
cisely determine the absolute transition energies. There can
be several factors that cause the shift, one of them being the
uncertainty in the energy calibration of the synchrotron radi-
ation. Therefore, it is necessary to calibrate the beamline
monochrometer with external references. One accurate cali-
bration method is to use lines with well-known transition
energies, emitted from HCIs inside the EBIT, such as Hea,
Hep, Lya, and Lyp lines of various elements. State-of-the-art
atomic structure codes are capable of calculating these transi-
tions with an uncertainty of AE/E ~ 10° or less, providing
sufficient precision [16].

4.2 Oscillator strength ratio constraint

The Gaussian area ratio of 3G to 3C is directly propor-
tional to the oscillator strength ratio. By correcting the ratio
of the measured photon count rates (obtained as the Gaussian
areas) for the ratio of the incident photon beam flux and
detector efficiency, a 95% upper limit of 0.322 is obtained
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for the oscillator strength ratio f;/ f3c. Considering the the-
oretical value of f35/fc, it is possible to detect 3G reso-
nance events and constrain the Gaussian area with the same
level of accuracy as 3C, by increasing the signal 20 times or
reducing the noise by an order of magnitude.

The noise that is prominent in our measurement is likely
to be the photons of other nearby lines, such as 3C and M2,
blended due to the low spectral resolution of the currently
used SDD detector (AE/E ~ 0.02), and continua, that can be
emitted from the recombining processes of the HClIs interact-
ing with the electron beam during the probing phases. The
noise resulting from the blended lines can be reduced by
using a detector with sufficient spectral resolution to separate
those lines, for instance, TES microcalorimeters (AE/E <
5 x 107 e.g., [52]). Using time coincidence between photo-
excitation events and the pulsed photon train of synchrotron
radiation during data acquisition also helps suppress noise
caused by the interaction between the HCIs and the electron
beam in general [53]. The synchrotron radiation at the
SPring-8 beamlines is generated in the form of pulses of pho-
tons with a period of tens to hundreds of nanoseconds and a
width of a few picoseconds, depending on the operation mode.
Therefore, by reading out the detector events only when pho-
tons arrive, noise unrelated to photon irradiation can be
reduced. Combining these approaches may reduce the noise
by an order of magnitude or more.

Another approach is to increase the signals of photo-
excitation events 20 times the current level, as mentioned
above, and a simple solution is to use a 20 times brighter
light source to irradiate the HCIs. The beam flux of the syn-
chrotron radiation used in this experiment, estimated from
the photocurrent measured by the Au foil flux monitor and
the quantum efficiency of the Au foil, was ~ 7.0 x 10" pho-
tons s, therefore incident photon beam flux of more than
1.4 x 102 photons s" is required for a successful detection of
3G. Such high beam flux in the soft X-ray energy range will
be available at the beamlines of the new-generation syn-
chrotron radiation facilities, such as NanoTerasu (e.g., [54,
55]) and SPring-8-II (an update project).

5. Conclusion

We performed photoexcitation spectroscopy using the
JAXA-EBIT at the SPring-8 soft X-ray beamline, to pre-
cisely measure atomic data of the astronomically important
Ne-like Fe'*" Lo transitions. As a result, high-resolution
spectra of the He-like O°* 2p—1s (Hea w) and Ne-like Fe'®*
[2p323d32]521 = [2P%];=0 (BC) resonance transitions were
successfully obtained. The Ne-like Fe'* [2p3/,3s1/5],21 =
[2p%];-0 (3G) resonance transition was also measured, but
not detected due to the signal-to-noise ratio being insuffi-
cient. The oscillator strength ratio of 3G to 3C is experimen-
tally constrained to the 95% upper limit of 0.322, from these
results. The measured centroid energies of the O Hea w and
Fe 3C lines are systematically shifted approximately 0.17 eV
from the well-known theoretical values. To detect the weak

3G line and perform accurate measurement of atomic data,
such as transition energies and oscillator strengths, we need
to improve our experimental system. For instance, we needed
to improve the signal-to-noise ratio by at least an order of
magnitude. The noise can be reduced by at least an order of
magnitude by upgrading the detector and modifying data
acquisition methods. The signal can be increased by an order
of magnitude, for example, by irradiating the ions with a
much brighter light source. The new-generation syncrotron
radiation facilities, such as NanoTerasu and SPring-8-II, can
be utilized for a follow-up experiment in the near future. We
will apply the experimental values obtained in the present
work to observational studies of astrophysical objects to help
improve the accuracy of plasma diagnostics using up-to-date
high-resolution spectra. Our future work will also involve
comprehensive measurement of different atomic data of
astrophysical interest, employing the experimental approach
established in this study.
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