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Coworkers/collaborators
• GSFC – S. Porter, R. Petre, M. Sawada, R. Cumbee, J. Adams, S. Smith,
T. Kallman, +
• LLNL – P. Beiersdorfer, G. Brown, M. Eckart, N. Hell, T. Lockard, +
• MPI-K/Jena/DESY - J. Crespo Lopez-Urrutia, S. Bernitt, R. Steinbrügge,
C. Shah, +
• FAU/Bamberg - J. Wilms, +
• IRAP G. Betancourt-Martinez
• many others!

Outline
• Laboratory astrophysics is crucial to the success of Athena
• Example 1 – resonance scattering in clusters – line strengths
• Example 2 – absorption lines in photoionized outflows and ISM – inner shell
transition energies
• Far too many examples to fit into one talk! (see previous presentations by F.
Nicastro, C. Pinto, F. Tombesi, V. Grinberg, E. Costantini, many others)

• How can we meet our needs by launch?

Disambiguation
• This talk is not about atomic databases – this is very important and
also needs attention! (standard benchmarks – see Lorentz Center
meeting)
• This talk is about understanding the physics behind what goes into
databases, and how uncertainties in the measured/calculated
parameters influence our ability to extract scientific conclusions from
Athena observations

SXS observations of Perseus show a preview
of what’s possible with Athena

Hitomi collaboration 2018

Discrepancies between data/model and
model/model were immediately apparent!
• In most cases the discrepancies
were due to errors in the
databases (insufficient
benchmarking)
• After revision, the AtomDB and
SPEX databases show much
better agreement
• The real problem is the
uncertainty on the model line
strength predictions (not shown
here!)
Hitomi collaboration 2018

Line formation and sources of uncertainties
• In He-like Fe XXV, the resonance
line is dominated by direct
electron impact excitation
• The forbidden line includes
strong cascade contributions,
inner-shell ionization, and even
direct excitation has important
contributions from nearthreshold resonances which are
subject to greater uncertainty
Hitomi collaboration 2018

Resonance scattering in the Perseus cluster

Hitomi collaboration 2018

Resonance scattering in the Perseus cluster

Uncertainties on model line strengths
are on the order of 10-30%! This is limiting
our ability to measure resonance scattering

Hitomi collaboration 2018

Cross section measurements using
calorimeter with EBIT
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Outflow and ISM absorption spectroscopy
• Inner shell transitions from moderate
to low charge states are commonly
observed in photoionized outflows
(AGN, stellar mass compact objects)
and in the ISM
• Transition energies are not well
known; theoretical calculations are
not accurate enough (typically ~ 1-few
eV, or few hundred-1000 km/s @ 1
keV); few measurements available
• X-IFU will measure Fe K-shell
absorption lines with 10s of km/s
accuracy! (i.e. sub-eV)
NGC 3783 – Gu+

Portable EBITs at synchrotrons
• Can study interaction of ions
with photons
• High resolution grating and
crystal monochromators
• Precise transition energies
• Limited by calibration method

• Access to inner shell processes
• Detection channels:
• Fluorescence/scattering
• Photoion extraction

MPI-K Polar-X portable permanent magnet EBIT
at BESSY II beamline U49-2/PGM-1

Fluorescence spectroscopy setup

Rudolph+2013

Fluorescence spectroscopy

Broadband scan –
transition energies
(needs calibration!)

Scan is calibrated to 70 meV accuracy
using metal foil photoelectric
absorption edge

High resolution scan—
natural linewidths Γ;
equivalent to f or A
Γ measured to 3% precision!
Rudolph+2013

How can we meet our needs by launch?
• There is an active community around the world addressing these
problems (Europe, US, Japan, …)
• There are facilities available (EBITs, synchrotron beamlines with open
port endstations, …), and opportunities to upgrade these facilities or
build new facilities
• BUT – current funding levels do not meet needs to provide data of
the quality we require to meet Athena science goals, and do not take
full advantage of the opportunities available with current facilities or
provide for new/upgraded facilities

Vision for meeting Athena lab astro needs
• Better funding for existing groups – more personnel to use existing facilities
• Minor upgrades to existing facilities
• Modest expenditures to build new facilities that will exploit new opportunities
(e.g. portable EBITs at synchrotrons)
• Stronger collaboration between lab astro specialists and the community of
observers (recent examples: E. Bulbul, J. Wilms) – leads to well-targeted
experiments; also opportunities to train students (and others) as spectroscopists
• Formation of a working group to explicitly map Athena science requirements to
lab astro measurement needs
• Likely no one-size-fits-all funding solution, but needs to be explicitly addressed to
ensure mission success
• A directed lab astro contribution (above and beyond existing allocations) could be
part of NASA’s contribution to Athena

Summary
• We need a robust program of laboratory astrophysics to provide the
atomic data needed to use the capabilities of the Athena X-IFU
• This requires a strong vision oriented to meeting the science
requirements of the mission
• It also requires funding at a higher level than “business-as-usual”
• Spectroscopy is central to the science enabled by Athena – now is the
time to get involved in enabling it by identifying atomic data needs
aimed at specific science goals, and by joining lab astro collaborations
to work towards meeting those needs

