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Why astrophysics needs good
laboratory data



The obvious reason for high quality data needs

Astrophysics is all about
inherently complex objects, so

Underlying physics need to
be well understood.
Comparison with
experimental results gives
detailed insights.

Obviously!
Data quality directly influences
results.
Wrong quality assessment can
lead to false results.

Example: Radial velocities

Figure 1: Absorption measurements
of galactic sources (Juett et al.
2004).
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The current available data

The problem with the current
data

Most experiments are from
60’s & 70’s.

Current and future X-ray
observatories (out-)match
laboratory uncertainties.
Calibrations are based on
previous measurements are
based on previous
measurements are based on
previous measurements. . .

Laboratory data uncertainty
often underestimated!

Back to Oxygen absorption

Comparison of line
positions show ∼0.5 eV
shift→ Doppler shifted
∼ 300 km/s away from us.

But, same averaged over
several line of sight
directions.
And only Oxygen, no other
element (we can see).
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Conclusion: Oxygen is pushed
out of the galaxy, or. . .



A reliable energy calibration: Ex-
periment



A new calibration in 3 parts

Plan:
Construct an experiment which provides
a reliable calibration→ Make use of
Highly Charged Ions (HCIs)
Calibration simultaneous measured with
other experiment→ reduce uncertainty
Utilize synchrotron facilities for high
count rate experiments (here BESSY)
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Experimental setup

monochromatized
synchrotron radiation

polarization axis

off-axis electron gun

electron beam
trap electrodes

ions

electron collector

horizontal fluorescence detector

vertical fluorescence detector

gas cell

O2 molecules

channeltron

SiN foil

monochromator
grating

Thanks to:
Maurice Leutenegger, José Crespo López-Urrutia, Sonja Bernitt,
Natalie Hell, uvm.
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A reliable energy calibration:
Data reconstruction



The calibration

Link calibration measurement
and molecular data to energy
grid

Ideally, one scan contains
line from HCI→ known from
theory
Describe HCI data and
molecular data with
su�cient model
Link both energy grids with
the grating equation

cosα− cosβ =
hcN
E

Result
Statistical calibration
uncertainty: . 10 meV
(@ 540 eV)
But only at the HCI transition.
Moving away adds systematic
uncertainty.
Atomic transition model adds
additional uncertainty for line
determination.
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When one calibration point is not enough

Figure 2: Leutenegger et al. (2020)
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Results & Outlook



Oxygen K-Edge (Leutenegger et al. 2020)
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Neon K-Edge (Stierhof et al. 2022)
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Sulfur hexafluoride (Stierhof et al. 2022)
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Carbon Dioxide K-Edge (Stierhof et al. 2022)
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Thanks for listening!
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The PolarX EBIT

PolarX Electron Beam Ion Trap
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