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CalStats WG talks spanned two sessions on Apr 25

✤ Herman Marshall on devising a better system for fitting polarization data utilizing the information in event 
charge deposition ellipticities
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IACHEC — 4/25/23 /13

Suggest: Updating XSPEC analysis
• New model is ,    

• Index  refers to specific values of 

• New detector mRMF is 

• where  and  (unweighted, uncut)

• Original:              


• gives MDP99 


• Then 

• and 

Qj(E, Θ) = T∫ A(E′ )#(E′ , Θ)ℳj(E′ , E)dE′ Uj(E, Θ) = T∫ A(E′ )%(E′ , Θ)ℳj(E′ , E)dE′ 

j αj

ℳj(E′ , E) = μ(αj, E′ )ϵ(E′ )ϕ(αj, E′ )R(E′ , E)

∑
j

ϕ(αj, E′ ) = 1 ∑
j

μ(αj, E′ )ϕ(αj, E′ ) = μ(E′ )

λ(n0, Π, φ; E, ψ) = [1 + ΠμE cos(2ψ + 2φ)]n(E′ )A(E′ )TdE′ dψ

= 4.29/ ∑ μ2
Ei

C(Ei)

λ(n0, Π, φ; E, αj, ψ) = ∫ dE′ [1 + Πℳj(E′ , E)cos(2ψ + 2φ)]n(E′ )A(E′ )Tdψ

S̃(q, u) = − 2∑
i

ln(1 + qμ(αi, Ei)cos 2ψi + uμ(αi, Ei)sin 2ψi)
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New!
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SYSTEMATICS III: MODULATION 

RESPONSE FUNCTION

§ 9

What happens when you put them together?

EFFECTS ON THE OBSERVABLES

§ 10

We interpret the same simulated observa�on with all 

those di*erent response func�ons and see the error 

induced in the parameters
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• Very fast (ECCAMR, Maier+20) 

‣ a few seconds for the 256 columns of MXT 

• Better performance with low count spectrum 

‣ reduce data statistics required for calibration 

• Able to consider lines and/or background 

‣ more robust and accurate calibration 

• Also flexible method 

‣ possible to change intensity of lines to favor a 

part of the energy range 

‣ past calibrated spectrum as synthetic spectrum 

to monitor the gain evolution over time

Advantages of ECC

Maier&Limousin+16

8 B. Schneider

Fig. 3: Combined spectrum used to derive the energy cal-
ibration. Only well-resolved fluorescence lines produced
by the Panter X-ray source (Table 2) are considered.

Element Energy [eV]
C-K 277
O-K 525
Cu-L 930
Mg-K 1253
Al-K 1486
W-M 1774
Ti-K↵ 4510
Ti-K� 4950
Fe-K↵ 6400
Fe-K� 7053
Cu-K↵ 8040
Cu-K� 8910

Table 2: Fluorescence
lines produced by the
Panter X-ray source
and used for the spec-
tral calibration. Ener-
gies are extracted from
the X-Ray Data Book-
let (Thompson et al.,
2009).

from positions P9 to P12 for each Panter energy line to have a matrix illuminated
as homogeneously as possible. In addition, to improve the calibration and get
the optimal solutions, we combined in a single spectrum all well-resolved lines
available over the entire energy range of the detector (see Table 2). The combined
spectrum used to determine the calibration parameters is shown in Fig. 3. The
synthetic spectrum was constructed using energy lines of Table 2 and their relative
intensities were defined as the ones observed in the combined spectrum in ADU
unit. Then, each line was convolved with a Gaussian function adapted to the
expected spectral resolution of MXT. No specific background was added to match
the observed Bremsstrahlung in the calibration spectrum.

3.2.3 Charge transfer (in-)efficiency correction

When the electrons collected in the image area are progressively moved and trans-
ferred row-by-row to the anode, a fraction of the charge packets might be captured
by traps from crystal defects. This phenomenon named charge transfer efficiency
(CTE) or equivalently charge transfer inefficiency (CTI = 1�CTE) is cumulative
at each transfer and therefore the most distant row from the anode is the most
affected. The energy of the reconstructed photons is thus slightly underestimated
and the center of the lines are shifted to a lower energy. In addition, the spectral
performance (e.g., the energy resolution) might be degraded. Even if this effect is
negligible at first order, it is expected to increase with time due to the radiation in
space impacting the detector. Theoretical calculation of the CTE is complex and
challenging because it depends on many parameters, such as operating conditions

Schneider+2022 arXiv:2212.09863
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Strip Plot on Simulated Data 

Input 
1x resolution 

20ks exposure 

Predicted 
2x resolution  

100ks exposure

Target 
2x resolution  

100ks exposure 
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• SCORPEON Model 
• Major goals 
– Break down 

background into 
physically-
motivated 
components 

– Assume simple 
spectral shapes 

– Use HK to estimate 
norms 

• Model is adjustable 
in XSPEC

SCORPEON Background Modeling

Thorne et al 1980 
Tyssoy presentation



We maintain a library of background models and scripts at the IACHEC 
wiki, see

https://wikis.mit.edu/confluence/display/iachec/Calibration+Statistics 

https://wikis.mit.edu/confluence/display/iachec/Calibration+Statistics
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how well do you know your background? 

ACTUAL f(x)

ASSUMED g(x)

f(x) = g(x) ⋅ [f(x)/g(x)] 
f(x) = g(x) ⋅ d(G-1(x);F(x),G(x)) 
where F and G are cdfs

This is the skew-G density model, a non-parametrically designed 
parametric modeling of d(⋅) the comparison density with e.g., 
shifted Legendre polynomials — more terms, more complex.



Two panel discussions on Apr 25

✤ Concordance [Herman Marshall (MIT), Yang Chen (Michigan)]

✤ C-stat and systematics [Yang Chen (Michigan), Max Bonamente (Alabama)]
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IACHEC 2023 /9 Concordance Review

Next: XMM/Chandra XCAL
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Numerical Studies: A simple example

We consider this example: n = 100, ✓1 = 2, ✓2 = 1, and

si = ✓1 exp (✓2 ⇥ i/n) , i = 1, . . . , n.

Table 1: The p-values of five numerical studies, ✓1 = 2.0.

Test 1 2 3 4 5

Bootstrap test 0.112 0.732 0.316 0.124 0.610
Cmin test 0.109 0.730 0.302 0.113 0.649
�2 test 0.028⇤⇤ 0.184 0.063 0.025⇤⇤ 0.153



  

To estimate the intrinsic variance in the model, it can be shown that is 

possible to connect the two variances in (1) and (2) via

σ
int,i

/μ
i
 = (½) σ

C 
/ (Σ y

i
)1/2 (15)

This results in a simple estimate of the intrinsic model variance from the 

data, based on a design variance σ2

C
.

The ΔC fit statistic is also distributed as an overdispersed χ
B

2(m, σ
C

2)

distribution, where m is the number of additional parameters in the nested component



Other talks likely of interest to CalStat WG members

✤ Daniel Wik (Mon), galaxy cluster temperature cross-telescope comparisons

✤ Jeremy Sanders (Mon), Chandra vs eROSITA flux comparisons

✤ Konrad Dennerl (Tue), modeling the arf/rmf of eROSITA 

✤ Jukka Neveleinen (Wed), XMM-Chandra cluster-to-cluster scatter

✤ Christian Pommranz (Wed), CORRAREA to match EA of MOS to pn

✤ Jelle de Plaa (Wed), SPEX
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CalStats Future Plans

✤ At least one virtual WG meeting before next IACHEC

✤ Virtual talks on an intermittent schedule, covering topics from statistics 
methods to machine learning applications

✤ Continue to maintain Library [https://iachec.org/calibration-statistics/
#library] and backgrounds wiki [https://wikis.mit.edu/confluence/display/
iachec/Calibration+Statistics]

✤ Continuing projects: calibration uncertainty, Concordance, polarization 
fitting methods, superresolution and deconvolution, spatio-spectral 
disambiguation, etc.
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