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Outline 
  Calibration uncertainties in X-ray astronomy (our “dead 

fish”) 
  Impact on accretion disk/BH science 

Calibration (as any truly scientific endeavors) is a collective effort 

Discussions with and contributions by J.Nevalainen (Tartu University), G.Schnellenberger 
(Bonn University), and S.Sembay (Leicester University) are especially acknowledged 



Matteo Guainazzi, “Instrumental limit to X-ray astronomy knowledge, Prague Synergy 2013, 28th November 2013 

Synopsis of XRB measurements 

(Courtesy A.Comastri, Un. Bologna) 

≅20% flux difference between focusing and non-focusing instruments "
factor	
 ≅3 difference in the fraction of Compton-thick AGN 
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The instrumental view: hard X-rays 

(Kirsch et al., SPIE, 2005, 5898) 

Problems: 
•  the Crab Nebula spectrum is not a power-law 
•  the Crab Nebula is not a constant source 

Solution: quasi-simultaneous observations 
[Courtesy: L.Natalucci, IAPS] 

PIN 

PCA=NuSTAR 

SPI 
ISGRI 
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The instrumental view: hard X-rays 

(Kirsch et al., SPIE, 2005, 5898) (Tsujimoto et al., 2011, A&A, 525, 25) 

Problems: 
•  the Crab Nebula spectrum is not a power-law 
•  the Crab Nebula is not a constant source 
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The instrumental view: soft X-rays (low. res.) 

Band used to calculate XRB spectrum 

[“Error bars” are the dispersion of existing measurement. Look at: http://web.mit.edu/iachec/
papers/index.html for a list of papers discussing these results] 
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The instrumental view: soft X-rays (low. res.) 

Band used to calculate the BH spin 

[“Error bars” are the dispersion of existing measurement. Look at: http://web.mit.edu/iachec/
papers/index.html for a list of papers discussing these results] 
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The instrumental view: soft X-rays (high. res.) 

(Smith et al., in prep.) 



Matteo Guainazzi, “Instrumental limit to X-ray astronomy knowledge, Prague Synergy 2013, 28th November 2013 

The brave fishermen 
IACHEC = International Consortium for High-Energy Calibration 

8th IACHEC Meeting picture, March 2013, Horthorpe Hall (Leicestershire) 

Our tasks: a) define calibration standards (“X-ray standard candles); b) publish the cross-
calibration status (preferentially on refereed journals); c) improve the cross-calibration 

(http://web.mit.edu/iachec/) 
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Why so difficult? 
  Theory: full ground-calibration  complete instrument 

physical model 
  Practice: there is never enough time for ground-based 

calibrations 
  Reality: instrument on-flight performances change 
  X-ray astronomy cannot rely on standard candles strictu sensu 

Astrophysics Calibration 

Calibration of X-ray 
instruments is always 
“with respect to ...” 
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Impact on cosmology 

•  The distribution of galaxy cluster masses depends on cosmological parameters 
•  Cluster masses can be derived assuming hydrostatic equilibrium 
•  X-ray measurements (yielding electron density and temperature) are required 
•  Determination of cosmological parameters depends on our ability to measure kT! 

Not-negligible impact, although smaller than uncertainties of Planck measurements! 

(Schnellenberger et al., submitted) 
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List of existing AGN BH spin masses 

(Reynolds et al., Sp.Sci.Rev., 2013) 
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Impact on accretion disk fits 

[Δq~0.5]#
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A digression (apparently on) on EPIC 
Why don’t you get always residuals <2%? 

σEA≅1.3% 

σEA≅2.3% 

σEA≅2.0% 

EPIC effective area accuracy 
Analysis of ~90 radio-loud AGN 

“Soft excess” in 
obscured binaries 
with EPIC-pn Timing 
Mode (cf. Di Salvo’s 
talk) 

[Guainazzi et al., 2013, 
XMM-SOC-CAL-
TN-0083] 

“2.3 keV feature” in 
recent EPIC-pn 
spectra  inaccuracy 
of the energy scale 

[Smith et al., 2013, XMM-
SOC-REL-300] 

Documents available at: http://xmm2.esac.esa.int/external/xmm_sw_cal/calib/!
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Energy scale accuracy 

(data courtesy of M.Smith & M.Stuhlinger 
For Fast Modes: Guainazzi et al., 2013, XMM-SOC-CAL-TN-0083) 

Imaging: ±10 eV 
Timing: ±20 eV 

Burst: ±50 eV 

On-axis: XIS-FI: ±5 eV 
       XIS-BI: ±10 eV 

(courtesy M.Sawada, Ayoama Gakuin Un., and XIS Team) 
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Impact on BH spin 

(Guainazzi, in prep.) 

[similar to Suzaku/XIS] 
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Impact on accretion disk inclination 

(Guainazzi, in prep.) 
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Conclusions 
  Any astrophysical problems, requiring a determination of the 

X-ray fluxes by better than ±10% is undecided 
  At CCD resolution, any astrophysical problems, requiring 

measuring features weaker than 3% above the continuum 
require careful consideration of systematic effects 

  The current calibration uncertainties at nominal reconstruction 
of the energy scale may have an impact of at least Δa≤0.1 and 
Δi≤5º [Δq≤0.5] degrees on relativistic kernel fits 

  Beware the dead fish, and teach your students do the same 
  Get familiar with the IACHEC work. 

http://web.mit.edu/iachec/ 
  If everything else fails: Matteo.Guainazzi@sciops.esa.int!


