
What we learned we don’t know from Hitomi

Adam Foster for the Hitomi Perseus Atomic Team
L. Gu, J. Kaastra, H. Odaka,  R. Smith, 
M. Sawada, S. Nakashima, N. Ota, G. 
Brown, J. de Plaa & more



2



3



4



5

Literature data for
 fluorescence yields 

 of Fe XXIV

Literature data for
 fluorescence yields 

 of Fe XXIV

Palmeri et al

Data type Experiment Theory

Fluorescence  yields Some, as check Y



6

Literature data for
 fluorescence yields 

 of Fe XXIV

Literature data for
 fluorescence yields 

 of Fe XXIV

Palmeri et al

Data type Experiment Theory

Fluorescence  yields Some, as check Y



7

Literature values for Fe XXIV
Inner shell excitation

Literature values for Fe XXIV
Inner shell excitation

Palmeri et al

Change ionization and
recombination rates

Change ionization and
recombination rates

Data type Experiment Theory

Fluorescence  yields Some, as check Y

Ioniz & Recomb rates ~ Y Y



8

Data type Experiment Theory

Fluorescence  yields Some, as check Y

Ioniz & Recomb rates Mostly Near Neutrals Y

Literature values for Fe XXIV
Inner shell excitation

Literature values for Fe XXIV
Inner shell excitation

Palmeri et al

Change ionization and
recombination rates

Change ionization and
recombination rates



9

Data type Experiment Theory

Fluorescence  yields Some, as check Y

Ioniz & Recomb rates Mostly Near Neutrals Y

Literature values for Fe XXIV
Inner shell excitation

Literature values for Fe XXIV
Inner shell excitation

Palmeri et al

Change ionization and
recombination rates

Change ionization and
recombination rates

Fe25+ ionization
Theory Fursa+2016
Expt O’Rourke+2001



10

Atomic data error in
forbidden line colln strength

Atomic data error in
forbidden line colln strength

Data type Experiment Theory

Fluorescence  yields Some, as check Y

Ioniz & Recomb rates Mostly Near Neutrals Y

Collisional Excitation Fe XXIV N Y

Resolved Recombination Rate N Y

Collisional Excitation Fe XXV N Y



11

Atomic data error in
forbidden line colln strength

Atomic data error in
forbidden line colln strength

Data type Experiment Theory

Fluorescence  yields Some, as check Y

Ioniz & Recomb rates Mostly Near Neutrals Y

Collisional Excitation Fe XXIV N Y

Resolved Recombination Rate N Y

Collisional Excitation Fe XXV N Y



12

Atomic data error in
forbidden line colln strength

Atomic data error in
forbidden line colln strength

Data type Experiment Theory

Fluorescence  yields Some, as check Y

Ioniz & Recomb rates Mostly Near Neutrals Y

Collisional Excitation Fe XXIV N Y

Resolved Recombination Rate N Y

Collisional Excitation Fe XXV N Y



13

Alternative (not wrong!) data
still shows differences
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Line Ratio Diagnostics

● HERE GO TO SPEX vs ATOMDB
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Diagnostics lines at 4keV

A SPEX 4keV G-ratio   9.1keV in AtomDB→

A Chianti 4keV G-ratio   11keV in AtomDB→
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In flight calibration: 
Hitomi Atomic Data Paper

14% change in Fe abundance12% change in S abundance

Also studied the effects of:
• Different models
• Line shapes
• Fixing Line Ratios
• Collision Strengths

• Atomic code, astrophysical modelling, and instrumental
   calibration have overall similar contribution to the error
   budget.
• Atomic code improved dramatically after the launch (some 
   key updates triggered by the atomic paper itself).
• Still the uncertainty on collisional excitation is 10-20%@4  
   keV (might be larger at lower- or higher- energies).
• Laboratory work needed.
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This was the easy stuff
H-like and He-like Fe are the simplest systems!
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This is the easy stuff!

Lurking below 2keV/in longer observations:
● Fe L-shell lines (wavelength, intesity, identification)

– Ionization balance?

– Line identification?

– Driving processes?

– Dielectronic satellite lines (wavelength, intensity)

H-like and He-like Fe are the simplest systems!

We need significant Ground Calibration 
for Atomic Data!
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Summary: What don’t we know

● Ionization rates, esp. at high energies
● Collisional excitation of strong diagnostic lines
● Inner-shell excitation and fluorescence yields
● All of the above * lots for non-Fe
● Dielectronic Satellite lines – wavelength, flux
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Lorentz Workshop
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● Produce series of easily comparable outputs:

CIE Plasma NEI plasma Photoionized Plasma

Charge State 
Distribution

Charge State 
Distribution

Charge State 
Distribution

Radiated X-ray Power Strong Line List Strong Lines

Strong Line List Continuum Spectrum Heating and Cooling 
Rates

Line Populating 
Processes

Absorption Spectrum

● Post in simple ASCII formats for users to access
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