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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: Eff. Area Correlations

• Assume we have EA parameters  giving  with 

• Then  is the best (prior) estimate of B and 

 should be the prior’s variance

• Consider two energies,  and , then the correlation between these is 

• In reality, a Monte Carlo method is used to compute the correlations…

⃗ξ log Ã(E; ⃗ξ) = B̃(E; ⃗ξ) p( ⃗ξ)

B̂(E) = ∫ B̃(E; ⃗ξ)p( ⃗ξ)d ⃗ξ

τ2(E) = ∫ [B̃(E; ⃗ξ) − B̂(E)]2p( ⃗ξ)d ⃗ξ

Ei Ei′￼

ρi,i′￼
=

1
τ(Ei)τ(Ei′￼

) ∫ [B̃(Ei; ⃗ξ) − B̂(Ei)][B̃(Ei′￼
; ⃗ξ) − B̂(Ei′￼

)]p( ⃗ξ)d ⃗ξ
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Previously: Prior Uncertainties
• 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
7

Sample Data (Marshall+ 2021)
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Paper 3: XMM/Chandra XCAL
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• Processing by Michael Smith

• Simultaneous XMM-Newton/ 
Chandra observations

• Five XMM instruments involved — pn, MOS1, 
MOS2, RGS1, RGS2

• Five Chandra grating configurations — HEG, 
MEG, LEG/ACIS, LEG/HRC-S, LEG/HRC-I

• PKS 2155, 3C 273, 1H1426, Mk 590
• Observations labeled by GTI (ObsID)

• 45 GTIs, 10 bands, 9 instruments

• Fits to PLs w/ fixed NH values, each 
GTI/band/instrument independently

• Data: 2098 fluxes (10-11 erg/cm2/s)
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Concordance Math
• i = 1..10 (instrument), p=1..10 (bandpass), s=1..45 (source)

• Spectral shape ,  is in ph/cm2/s/keV at  keV

• , where 

• then bandpass fluxes are 

• Ansatz: fits in narrow bands give accurate  regardless of true 

q(E; θ̃s) =
E nE(θs)

E0 ns
ns E0 = 1

q(E; θ̃s) = ( E
E0 )

1−Γs+γs log(E/E0)

e−NHσ(E) θ̃s = [Γs, γs]

Fsp = ∫ℰp

E nE(θs) dE = nsE0 ∫ℰp

q(E; θ̃s) dE

Fsp [Γs, γs]
9
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Multiplicative Shrinkage Math
• Replace 

• with , 

• and we assume  is not 

correlated with errors in effective area over narrow bands

yij = Bi + Gj −
σ2

i

2
+ eij , yij ≡ log(cij/Tij) , Bi ≡ log Ai, Gj ≡ log Fj

yisp = Bip + Gsp −
σ2

i

2
+ eisp

yisp ≡ log ̂fisp = log[E0Cisp/( ̂Tispaip)], Bip ≡ log(Aip/aip), Gsp ≡ log Fsp

̂Tisp(θs) = tis ∑
k

∫
ℰp

αi(E)
E0

E q(E; θs)Φik(E) dE

∫
ℰp

q(E; θs) dE
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Multiplicative Shrinkage Math
• Replace 

• with , 

• and we assume  is not 

correlated with errors in effective area over narrow bands

yij = Bi + Gj −
σ2

i

2
+ eij , yij ≡ log(cij/Tij) , Bi ≡ log Ai, Gj ≡ log Fj

yisp = Bip + Gsp −
σ2

i

2
+ eisp

yisp ≡ log ̂fisp = log[E0Cisp/( ̂Tispaip)], Bip ≡ log(Aip/aip), Gsp ≡ log Fsp

̂Tisp(θs) = tis ∑
k

∫
ℰp

αi(E)
E0

E q(E; θs)Φik(E) dE

∫
ℰp

q(E; θs) dE

10

This is our goal:
Effective area corrections
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Paper 3 Features
• Data prepared for analysis — “cleaned” of outliers

• Fit set of log fluxes for a given source to narrow band approximation: 
 where 

• Eliminate instrument-bandpass sample if 

• Statistical models

• 1 - No use of bandpass EA covariances, spectral correlation (Chen+ ’19)

• 2 - Bandpass EA covariances, no spectral correlation (Marshall+ ’21)

• 3 - EA and spectral correlation across bands (Paper 3)

• Variants: all sources have same  or targets have specific 

• Model time-dependence

log Fp(θs) = log Fp(ns, Γs, γs) = log ns + Kp − ξpΓs + ξ2
pγs

Kp = ξp + dp − NHσp, ξp ≡ log(E2p + E1p), dp ≡ log(E2p − E1p)

| log ̂fisp − log Fp( ̂θ) | > 0.5

[Γ, γ] [Γ, γ]

11
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Concordance Results: EA corrections
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Concordance Results: EA corrections
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Concordance Results: EA corrections
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Concordance Results: EA corrections
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Concordance Results: Spectral Params
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• Model 3C-b, 3C-s: all sources with 
same 

• Model 3C-st:  depends on target

• Targets: PKS 2155, 3C 273, 1H1426, 
Mk 590

• Simple fits (HLM):
• PKS 2155: 

• 3C 273: 

• Discrepancy is not yet resolved

θ̃ = [Γ, γ] = [b, c]
θ̃

[b, c] = [2.67, − 0.018]
[b, c] = [1.96,0.145]
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Concordance Results: Time changes
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Concordance Plans
• Submit XMM/Chandra XCAL paper 

(next week?)

• Under consideration

• Revisit t values, loosen as needed

• Refine models of time dependence

• Collect more data:

• Cluster fluxes (narrower bands?)

• Include Crab fluxes to 300+ keV!

• Use joint 3C 273 observations

18

LETG/ACIS, 0.33-0.54 keV

MOS2, 0.15-0.33 keV
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Update Priors?
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