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Background

Hitomi confirmed what many people already knew... the existing atomic
databases, codes, and laboratory measurements are insufficient to handle
the “next generation” of X-ray spectroscopy

XRISM scheduled for launch in 2022; can’t solve all these problems by
then, but can at least identity highest priorities and begin to make progress
Founded “Laboratory Astrophysics Working Group,” a team within XRISM
project to study this

Submitted two white papers to Astro2020 Decadal Survey last week




Problems to be solved
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Fe-K state-of-art calculations

’ best-fit .SPEX j can differ by up to 70%
| APEC with same I8 @ 4 keV

parameters

Fe XXIV inner-shell
radiative/Auger rates and

branching ratios differ by
up to 50%.
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As a result, Fe abundance
differ by 16%.

Similar difference in a few
H-like excitations.
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energy (keV) H/He/Li-like are the simplest systems!
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Figure 1 from this paper

Atomic data and spectral modeling constraints from
high-resolution X-ray observations of the Perseus
cluster with Hitomi* @

Hitomi Collaboration, Felix Aharonian, Hiroki Akamatsu, Fumie Akimoto, Steven W Allen,
Lorella Angelini, Marc Audard, Hisamitsu Awaki, Magnus Axelsson, Aya Bamba,
Marshall W Bautz ... Show more

Author Notes

Publications of the Astronomical Society of Japan,Volume 70, Issue 2, March 2018, 12,
https://doi.org/10.1093/pasj/psx156
Published: 11 April2018 Article history v




How to get urgent
emails from senior
Hitomi team members
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Atomic Data: H-like ions

Sl X1V SPEX v3.0.3

AtomDB v3.0.2

AtomDB v3.0.8

Fe XXVI SPEX v3.0.3

AtomDB v3.0.2
AtomDB v3.0.8

For Si X1V, leads to 30%
difference line flux -> 30%
difference deduced
abundance



Atomic Data: He-like ions

SPEX v3.0.3
AtomDB v3.0.2

AtomDB v3.0.8

2s (3S,) formation
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This is with only 2 electrons! : 5 2p ('P;) formation
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1MK
6MK

4 keV
CSD-corr

0.4 0.6 0.8
Line Flux Fractional Disagreement (SPEX vs AtomDB)




Impact of charge-state distributions

Iron ionization balance
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New lon Balance, kTe = 1 keV.
New Spectral Data : opt!cglly—thln
collisional plasma

Figure 3 from Foster et al. (2012)

Old lon Balance,
2. / New Spectral Data

Old lon Balance,
Old Spectral Data

Emissivity (10" ph cm®s'keV™)

Energy (keV)
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~1.e-3

Accuracy of transition energies for K and L-shell lines
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What do we need?
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What do we need?

A precise and accurate determination of:

- wavelengths for common transitions
- charge state distributions

- absorption cross sections

- collisional and radiative rates

- line widths

- energy edges and shapes

- line fluxes
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- plus estimates of uncertainties on all of these quantities




What do we need?

A precise and accurate determination of:

wavelengths for common transitions
charge state distributions
absorption cross sections
collisional and radiative rates
line widths
energy edges and shapes
line fluxes
- plus estimates of uncertainties on all of these quantities

The goal for the coming years should be to reach the
point where our scientific progress is limited by
observational uncertainties, not laboratory ones.




XRISM Project convened Lab Astro WG in late 2018 to
assess current state of field. Started by crowd-sourcing
project out to XRISM Science Team to determine most
important measurements XRISM will make, and what is
required for these.
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Topic

ISM and CGM

Science Goal

Measure the dust composition from absorption edges

towards LMXBs in outburst with NH > 122 cmA-2

Physical quantity

Dust chemical
composition

Required
Precision
~10%

Spectral Models

Dust structure/ISM
absorption model

Spectral Measurement Required
Precision
Location, depth of Si K 10% Si-K edge

edge

Si-K edge
Location, depth of Fe K 15-20% Fe-K edge

edge

Fe-K edge
Detect edges for less Edges for e.g.

abundant elements

10-20%

Line or feature

Approximate Specific line
energy (keV)

1.84

Requirement on...

transition energy

absorption depth
transition energy

absorption depth
transition energy

Required ac References

<2eV

10%
<2 eV for S, <3 eV for Ca

Current best
measurement

0.2 ev




Topic

ISM and CGM

Science Case #

Science Goal

Topic

42 Young SNR

Measure the dust composition from absorption edges
towards LMXBs in outburst with NH > 122 cmA-2

Physical quantity Required
Precision
Dust chemical ~10%
composition

Spectral Models Spectral Measurement Required Line or feature

Precision
10% Si-K edge

Dust structure/ISM Location, depth of Si K
absorption model edge

Si-K edge
Location, depth of Fe K Fe-K edge

edge

Fe-K edge
Detect edges for less Edges for e.g.

abundant elements

Science Goal Physical quantity Required

Precision

Spectral Models Spectral Measurement Required

Precision

Line or feature

Si Xiv
20% Collisional + Line ratios among DR 10% Fe XXIV
nonthermal satellite lines of Fe XXV Fe XXII
electron distribution He, Li (maybe Si is OK, Fe XXII
too) Fe XXIV

Determine how shock energy is turned into cosmic rays  Shock thermalization
by measuring the energy spectrum of supra-thermal efficiency
electrons

Fe XXIlI

Fe XXII

Approximate Specific line
energy (keV)

1.84

Approximate Specific line
energy (keV)

2,00

6.65 DRsat
6.64 DRsat
6.62 DRsat
6.65 DRsat

6.64 DRsat

6.62 DRsat

Requirement on...

transition energy

absorption depth
transition energy

absorption depth
transition energy

transition energy
transition energy
transition energy
transition energy
emissivity

emissivity

emissivity

Requirement on...

Required ac References

<2eV

10%

<2 eV for S, <3 eV for Ca

Required ac References

2eV

Current best
measurement

0.2 ev

Current best
measurement

<15eV

<15eV

<l5eV

~20% but no quantitative
comparison

~20% but no quantitative
comparison

~20% but no quantitative
comparison




Topic Science Goal Physical quantity Required

Precision
~10%

Spectral Models Spectral Measurement Required Line or feature

Precision

Approximate Specific line
energy (keV)

10% Si-K edge 1.84

Requirement on... Current best

measurement
0.2eV

Required ac References

ISM and CGM Dust chemical

composition

Measure the dust composition from absorption edges
towards LMXBs in outburst with NH > 122 cmA-2

Dust structure/ISM  Location, depth of Si K
absorption model edge

transition energy <2eV

Si-K edge
Fe-K edge

absorption depth
Location, depth of Fe K transition energy

edge

Fe-K edge
Edges for e.g.

absorption depth 10%
Detect edges for less transition energy <2 eV for S, <3 eV for Ca

abundant elements

0.05 ev

Science Case #  Topic Science Goal Physical quantity Required

Precision

Spectral Models Spectral Measurement Required Line or feature

Precision

Approximate Specific line
energy (keV)

Si Xiv 2,00

Requirement on... Required ac References Current best

measurement
transition energy 2eV

Science Case #

42 Young SNR Determine how shock energy is turned into cosmic rays  Shock thermalization
by measuring the energy spectrum of supra-thermal efficiency

electrons

Topic Science Goal Physical quantity

9 Protostars Measure the orbital period and velocity of matter
accreting onto a protostar to understand momentum
Detect X-ray jets that accompany flares in protostars by
measuring a Doppler shift that coincides with an
increase in count rate

Measure accurate protostar temperatures through Fe Te
XXV/Fe XXVI lines (insensitive to absorption)

Line-of-sight velocity
Velocity dispersion
Line-of-sight velocity

10 Protostars

Required
Precision

100 km/s
200 km/s

20% Collisional +
nonthermal

electron distribution He, Li (maybe Si is OK,

Spectral Models
(Collisional plasma)

(Collisional plasma)
(Collisional plasma)

10% Collisional plasma

10% Fe XXIV
Fe XXIII
Fe XXII

too) Fe XXIV

Line ratios among DR
satellite lines of Fe XXV

Fe XXIlI

Fe XXII

Spectral Measurement Required Line or feature

Precision
Fe | Ka centroid lev
Fe | Ka width 2eV
Monitoring Fe XXV Ka 4ev
centroid

Fe | (+near neutral) Ka
Fe | (+near neutral) Ka
Fe XXV Ka

EW ratio of Fe XXVI and
Fe XXV Ka, Fe XXV Ka

10% Fe XXV Ka
Fe XXVI Ka

6.65 DRsat
6.64 DRsat
6.62 DRsat
6.65 DRsat

6.64 DRsat

6.62 DRsat

Approximate Specific line

energy (keV)
6.40
6.40
6.70 resonance

6.70 resonance
6.96

transition energy
transition energy
transition energy
emissivity

emissivity

emissivity

Requirement on... Required ac References
transition energy 0.5ev

oscillator strength 10%

transition energy 2eV

emissivity
emissivit

<15eV

<15eV

<l5eV

~20% but no quantitative
comparison

~20% but no quantitative
comparison

~20% but no quantitative
comparison

Current best
measurement




Lab Astro WG just (on July 10th) submitted two
companion white papers to Astro2020 Decadal Survey

‘Laboratory Astrophysics Needs for X-ray Calorimeter Observatories”
Lead author: Tim Kallman; focus: science above 2 keV

‘Laboratory Astrophysics Needs for X-ray Grating Spectrometers”
Lead author: Randall Smith; focus: science below 2 keV

(US-based) Conclusions: Current lab astro funding comes form NASA APRA
program. Supports ~25 programs per year (for three years each). We propose a
modest increase in funding of $1.5M/year. This will support ~4 lab groups ($250K/
year) using existing facilities, as well as place one new EBIT at a light source
($2M). Also support ~5 grad students or postdocs doing theoretical work



