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The Goal
• The problems

• Discrepant results from X-ray observatories in orbit

• Cluster temperatures and fluxes

• Blazar fluxes from simultaneous observations

• SNR line fluxes

• Imperfect ground cal, performance changes in flight

‣ Instrument area priors  differ from “true values” 

• No absolute calibrators across all bands in flight: no “true” 

• Specific task: derive  for optimal agreement
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The Problem, Graphically
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Multiplicative Shrinkage 
(Chen+ ’19, JASA)
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Previously: Assigning Priors
• Collecting prior (fractional) uncertainties on effective areas

• Cal scientists assessed their instruments
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Input Data
• Paper I (Chen+, 2019, JASA)

• 1E0102 with 13 instruments (N=13), O & Ne (M=2)

• 2XMM catalog targets, N=3, M=41; soft, medium, hard

• XCAL bright targets, N=3, M=94-108; soft, medium, hard

• Paper 2 (Marshall+, 2021, AJ, 162, 254)

• Same 3 sets as in Paper I

• Also Capella with Chandra gratings, N=8, M=15

• Added correlations of XMM hard, medium, soft

• Added corrlations of O, Ne fluxes of 1E0102

• Used heterogeneous tau values
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Sample Data (Marshall+ 2021)
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Paper 3: XMM/Chandra XCAL
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XCAL Time-Dependence
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Default before SAS22
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First Run (IACHEC 2024)

9

B[1]

B[2]

B[3]

B[4]

B[5]

B[6]

B[7]

B[8]

B[9]

B[10]

−0.3 −0.2 −0.1 0.0 0.1

B[1]

B[2]

B[3]

B[4]

B[5]

B[6]

B[7]

B[8]

B[9]

B[10]

0.0 0.2 0.4

B[1]

B[2]

B[3]

B[4]

B[5]

B[6]

B[7]

B[8]

B[9]

B[10]

−0.2 −0.1 0.0 0.1

0.15-0.33 keV 0.80-1.20 keV 3.5-5.5 keV

XMM pn

XMM MOS1

XMM MOS2

XMM RGS1

XMM RGS2

Chandra HRCS/LEG

Chandra ACIS/HEG

Chandra ACIS/MEG

Chandra ACIS/LEG

Chandra HRCI/LEG



IACHEC 2025 /14 Concordance Status

Progress on Paper 3
• Data prepared for analysis

• First analysis: same as used on 1E0102 (Marshall+ ’22)

• First run results (IACHEC 2024) are not very informative

• Not all priors and EA correlations were used

• No use of global spectral models

• New EA correlations computed using previous methods

• Global log-parabola spectral models to connect bandpass fluxes

• Tried time-dependence
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• Need to remove 
outliers

• Mostly MEG, 0.33-0.54 
keV band

• High flux cases due to 
pn pileup

• ACIS-MEG 
improves after 
removing 10 
outliers

• Still has issues below 1 
keV

11

Corrections for ACIS-MEG

Progress on XCAL Blazars 1
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Progress on XCAL Blazars 2
• Preliminary results!

• Mild corrections 
may be needed for 
XMM pn

• Trying time 
dependence for all 
instruments

• not working well

• must refine 
models

12

Corrections for XMM pn

Time Dependence
for XMM MOS2
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Update Priors
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Concordance Plans

• Finish XMM/Chandra XCAL analysis

• Review outliers

• Revisit t values, loosen as needed

• Publish as Paper 3

• Collect more data for Concordance

• Cluster fluxes (narrower bands?)

• Include Crab fluxes to 300+ keV!
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