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AREA CALIBRATION-REQUIREMENTS IN ATHENA - I
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AREA CALIBRATION-REQUIREMENTS IN ATHENA - II

Do the mirror area calibration requirements enable the parent science objectives?

What is the science impact of their (possible) relaxation?

Note: the requirements were slightly relaxed after the paper was published
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ATHENA EFFECTIVE AREA

• “15 rows” configuration (“13 rows” 
in NewAthena)

• Ir+SiC coating (Pt+C+Cr in 
NewAthena)

• Other minor changes in the 
configuration of the individual 
mirror modules during the 
reformulation

• NewAthena area (X):
• ~104 cm2 @1 keV
• ~2x103 cm2 @6 keV

X

X
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PERTURBATION FUNCTION

Monte-Carlo method: create a large number of stochastically perturbed mirror ARFs according to:

absolute relative fine structure

Each P is extracted from a Gaussian truncated distrubution “á la Drake”
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THE “Á LA DRAKE” METHOD

• For each effective area, we extract a value of the 
perturbation function from a Gaussian 1-σ truncated 
distribution with mean 0 and standard deviation equal to the 
requirement

• Pr values are extracted at three energies (0.2, 1.8, 10 keV) 
and a cubic spline interpolation applied

• Important caveat: this is a phenomenological and agnostic 
procedure. No assumption is made on the origin of the 
calibration uncertainties

• [→ This work cannot help to inform the detailed mirror 
design. More will come before NewAthena Adoption]

Drake at al., 2006, SPIE, 6270, 40
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EXAMPLES

Perturbation functions Perturbed ARFs
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RESULTS: GALAXY CLUSTERS AND AGN SPECTRAL SHAPE

• Use the perturbed ARFs to simulate driving science objectives

• Calculate distributions of critical observables

• Compare to science requirements (critical observable accuracies)
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RESULTS: BLACK HOLE SPIN

A more complex and realistic science case: determination of black hole spins in AGN

Typical systematic error is (~0.05), lower than the requested accuracy (~0.1)
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WHAT IF WE OFFSHOOT THE CALIBRATION REQUIREMENTS?

The accuracy of (these) astrophysical observables scales ~linearly 
with the effective area calibration requirements

Violation!



Matteo Guainazzi – “On the scientific impact of area calibration uncertainties on the Athena science – 2025 IACHEC – Osaka, 14 May 2025

CONCLUSION

We must define a calibration plan fulfilling the stringent Athena effective area calibration requirements!



ADDITIONAL MATERIAL
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HOW TO DETERMINE THE FINE STRUCTURE CORRECTIONS

• The Pf energies and widths are 
determined by fitting “peaks” in 
the effective area derivative 

• They correspond to the strongest 
absorption edges


