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Background
• Created to avoid problems similar to what happened 

with analysis of Hitomi Perseus spectrum
• Prepare for xrism by starting efforts to accumulate 

likely atomic data and modeling constants and tools 
before launch

• Start with the science in the hitomi white papers.  Flow 
the science goals down to what atomic data or 
quantities are needed

• Determine the observation science driven accuracy we 
need from laboratory measurements or calculations, 
and compare to what’s already been published or 
measured

• Estimate  scope and size of the effort to fill the gaps, 
and prioritize the list
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Requirements flowdown traceability matrix



Status of science traceability matrix 
development

• Mostly complete
• 81 science investigations
• >500 atomic data requirements flowing from science
• many overlaps,  only ~ 150 distinct ones

– 30 transition energies
– 29 charge transfer
– 4 absorption depth
– 62 ‘emissivity’
– 7 Fluorescence yield 
– 7 oscillator strength
– ~few others:  edge depths, rrc emissivity…

• We focus first on transition energies
• simpler to interpret than requirements on code quantities



Transition energies required vs. status



Transition energies required vs. status



Accuracies of K lines and L lines with E> 1 keV

elementh he li be b c n o f ne na mg al si p s cl ar k ca sc ti v cr mn fe co ni cu zn
isosequence1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 <1.e-6
h 1 ~1.e-5
he 2 ~1.e-4
li 3 ~1.e-3
be 4
b 5
c 6
n 7
o 8
f 9
ne 10
na 11
mg 12
al 13
si 14
p 15
si 16
cl 17
ar 18
k 19
ca 20
sc 21
ti 22
v 23
cr 24
mn 25
fe 26
co 27
ni 28
cu 29
zn 30



Categories of atomic data 
requirements

• Line energies
• Oscillator strengths à calculated to ~0.01 – 0.1
• Fluorescence yields à measured neutral ~0.01, 

calculated ~0.1
• Edge depths  à calculated, ~0.01
• ‘Emissivities’ requires modeling to determine 

most relevant atomic quantities



Required accuracy vs what is available for line 
energies
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Required accuracy vs what is available for line 
energies
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Low ionization K lines



Report on charge transfer
• Document prepared by Renata Cumbee and Maurice Leutenegger
• Charge transfer is least ‘mature’ lab astro topic

– Processes of interest have ~low energy interaction
– Likely Involve atomic target
– ~Few relevant experiments have been done
– Large scale calculations rely on approximations -> neglect of j

• Identifies key categories of science goals affected by charge transfer
– Cx as foreground
– Cx in planets
– (possible) cx in distant source

• Describes strategy for experiments designed to provide reliable cross 
sections
– Start with  H target + bare ion, or H-like
– Observe radiation
– Benchmark calculations
– Multielectron targets require apparatus to separate multi-electron events
– APRA program is under way



Next steps
• Study emissivities:  what atomic quantities matter most?
• -Understand whether there’s something lacking in the way the laboratory 

measurements are distributed; propose a solution if need be. 
• -Check consistency between spectral models to identify problem areas 

before launch. 
• -Follow up and possibly expand on The Lorentz Test Suite. 
• -Compare and consult with work for other applications, eg. fusion. 
• -Think about how software (like XSPEC) could and should take into account 

uncertainties on atomic models and measurements. 
• -Discuss avenues for obtaining funding for this work. 
• Campaign to simulate all Hitomi PV phase observations and highlight 

atomic data sensitivity?  à invest in better testing capabilities for 
perturbing atomic data??  Requires money..

• Generate documents (white papers…) to get involvement from the 
broader lab astro community


