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2020 Foresight
1.Concordance

2.ARF and RMF uncertainties

3.Atomic emissivity uncertainties

4.Background models

5.The IACHEC Analysis Tips & Tricks Guide

iachec-calstat@cfa.harvard.edu ⼗四番⽬ IACHEC : 2019 May 23 : 湘南国際村センター



2021 Hindsight
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1.Concordance

2.ARF and RMF uncertainties

3.Atomic emissivity uncertainties

4.Background models

5.The IACHEC Analysis Tips & Tricks Guide

6.New Directions: Timing Tools, Polarization

7.Other activities

https://iachec.org/calibration-statistics/
https://iachec.org/calibration-statistics/


1. Concordance
❖ “Astro” paper is in review

❖ Improvements over Chen et al. 2018 (Calibration Concordance for Astronomical Instruments via 
Multiplicative Shrinkage, JASA 114:527, 1018)

❖ instrument specific τ

❖ cross-passband correlations in EA (including uncertainties)

❖ new results for multi-instrument E0102; Chandra/Capella; 2XMM and XCAL MOS+pn

iachec-calstat@cfa.harvard.edu https://iachec.org/calibration-statistics/ 
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2. ARF and RMF
❖ Paper detailing how EA uncertainties are computed for Chandra is in 

preparation (Drake et al.)

❖ Used to compute cross-band correlations for Concordance paper

❖ Work has started to adapt the same procedure to characterize AstroSat/SXT 
ARFs,(Dewangan, Drake, et al.)

❖ Keith Arnaud reports that XSPEC can now handle large wavelength grids via 
split RMFs — a sparse matrix focused on just the high-res features, and a 
coarse matrix to describe smooth tail at lower E

iachec-calstat@cfa.harvard.edu https://iachec.org/calibration-statistics/ 
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3. Atomic Data Uncertainties
❖ See High-Resolution Working Group discussion tomorrow, Tue May 18, 11am EDT 

(includes talks on Capella line list [Liyi Gu], the θ¹ Ori project [Norbert Schulz])

❖ AAS 238 Special Session 107: Unaccounted Uncertainties: The Role of Systematics in 
Astrophysics [Monday June 7 Noon-1:30pm EDT]

❖ Stuart Loch (Auburn) On Atomic Data Uncertainties

❖ Yang Chen (Michigan) Systematic Uncertainties in Multi-Telescope Observations

❖ Xixi Yu 2021 PhD Thesis (Imperial University; Multistage Analysis in Astrostatistics)

iachec-calstat@cfa.harvard.edu https://iachec.org/calibration-statistics/ 
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I: Get T estimate using Fe 17

II: Get (T,ne) estimate using O 7

Capella ACIS/MEG+

~440 kCt, ~few ×103 cm2 ks

~42 kCt, ~few ×102 cm2 ks
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4. Background Models

❖ See Detectors & Background Working Group discussion on Tuesday May 18 
10am EDT

❖ Of relevance from a statistics viewpoint, see Algeri 2020, PhysRev D 101, 
015003; Detecting new signals under background mismodeling 

iachec-calstat@cfa.harvard.edu https://iachec.org/calibration-statistics/ 

https://github.com/Yorkee2018/LPBkg/tree/master/python
https://github.com/Yorkee2018/LPBkg/tree/master/python
https://iachec.org/calibration-statistics/
https://iachec.org/calibration-statistics/


5. Analysis Tips & Tricks

Cosimo Bambi   Editor

Tutorial Guide 
to X-ray and 
Gamma-ray 
Astronomy
Data Reduction and Analysis

Chapter 6
Basics of Astrostatistics

Vinay L. Kashyap

6.1 Introduction

The term Statistics is used to describe both compilations and mathematical descrip-
tions of data. The former may include summaries of the data, like the median weight
of newborn babies, variances in stock prices, amortization tables for mortgages, etc.
The latter describes connections across the data: either correlations (is cigarette smok-
ing injurious to health?) or dependencies (how injurious is it?); provide a framework
for making decisions (should you stop smoking?); and is necessary to understand the
processes that generate the data and the certainty with which we can draw actionable
conclusions. The former is related to the latter in the same way that astrometry is
relevant to astrophysics: it is necessary, but not sufficient. In this chapter, we will
focus on the latter aspect, and assume that the reader is familiar with the usual ways
of summarizing their data.

In astronomy, where most events are one-off, it is critical to understand how dif-
ferent a measurement could have been, to understand the spread, and prevent us from
over-interpreting an observation and fooling ourselves. Astrostatistics, in particular,
is the field dedicated to studying the mathematical underpinnings of astronomical
data, to obtain estimates and uncertainties on quantities useful for astrophysical
inference, while taking into account instrument sensitivities, random fluctuations,
the circumstances of the observations, and avoid the pitfalls of making incorrect
inferences. Importantly, it is used as a guide in asking the right question of the data
and to obtain the best possible answer.

For instance, consider two observations of two sources, one which yields 100
counts in 10ks, and one which yields 10 counts in 1ks. The estimated count rates
are 0.10±0.00316 and 0.10±0.01. If we were to ask which is the brighter source
(ignoring complications due to background), the answer will depend on howwell we
understand the data: if we assume the errors are well described by a Gaussian and
are symmetric, we would claim that no difference will be discerned with repeated
observations; if instead we account for the skew in the Poisson likelihood, then the

V. L. Kashyap (B)
Center for Astrophysics, Harvard & Smithsonian, 60 Garden Street,
Cambridge, MA 02138, USA
e-mail: vkashyap@cfa.harvard.edu

© Springer Nature Singapore Pte Ltd. 2020
C. Bambi (ed.), Tutorial Guide to X-ray and Gamma-ray Astronomy,
https://doi.org/10.1007/978-981-15-6337-9_6
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source with the shorter observation will be more likely to be brighter in more of the
repeated observations.

Knowing how the uncertainties are distributed gives us a powerful lever to obtain
better estimates of measurables that more precisely reflect the physics that generates
them. The important part to note here is that astrostatistics is not just about com-
puting means and variances: the mathematics of uncertainty characterization allows
us to detect sources, develop and fit models, compare competing models, group and
classify objects, etc.

The purpose of this chapter is to provide a framework for astronomers to under-
stand statistical issues that are relevant to astronomical analysis and place them in
context. In particular, we will describe the basic statistical tool-set needed for con-
temporary analysis of high-energy astronomical data. Thus, we will first discuss the
Poisson distribution, in the context of several others that are relevant, in Sect. 6.2.
Next, in Sect. 6.3, we will provide a guideline to how error bars and uncertainties are
evaluated, and howuncertainty intervals are set.Wewill also briefly discuss Bayesian
analysis in Sect. 6.3.2 in the context of uncertainty intervals. Then, in Sect. 6.4, we
will discuss the underpinnings of the fitting process, introducing the concept of like-
lihoods and parametric curve fitting. In Sect. 6.5 we will then discuss the basics of
decision making, via hypothesis tests, p-value thresholds, goodness-of-fit tests, and
model comparisons, and point out some important limitations in the process. Finally,
in Sect. 6.6, we will point the reader to resources for more in depth study.

6.2 Distributions

When an observable quantity is measured, it can be considered to be sampled from
amongst several possible values that it could take due to natural fluctuations. The
underlying set from which this value is sampled is called a distribution. Distribu-
tions put precise probabilities on obtaining a particular value in an experiment. For
example, when a fair coin is flipped, it can land on either the head or the tail with
equal probability. When that coin is flipped repeatedly (say 20 times), what are the
chances that it will land heads 10 times? 15 times? 20 times? The probability of these
occurrences are described by the Binomial distribution (see below).

Note that most useful distributions, whether defined over a continuous or discrete
variable, are invariably proper. That is, a distribution f (.) over a continuous variable
x or a discrete variable k is normalizable such that

∫

x
dx f (x) = 1 or

∑

k

f (k) = 1 .

In contrast, higher order moments like the mean
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6. Timing Tools // Polarization
❖ Guillaume Belanger — discussion on choosing appropriate likelihood → video

❖ Matteo Bachetti — tools to assess timing calibration

❖ PINT — https://github.com/nanograv/pint

❖ Stingray — https://github.com/stingraysoftware/stingray  

❖ hendrics — https://github.com/stingraysoftware/hendrics 

❖ Herman Marshall on Statistical Topics in X-ray Polarimetry
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7. Other activities
❖ WG remote telecons on 2020 May 5, 2020 Dec 1; plenary session on Statistical Best Practices (Belanger, Miller, Marshall) during 

Winter Virtual IACHEC 2020 Nov 24

❖ Talks

❖ 2020 Aug 6: Kristin Madsen at JSM Session 431, X-ray Data and its Many Challenges

❖ 2020 Sep 8: Herman Marshall and Yang Chen at CHASC, Concordance: In-flight Calibration of X-ray telescopes Without Absolute 
References

❖ 2020 Dec 8: Diab Jerius at CHASC, Doing the Hokey-Pokey (or) Deriving Statistical errors for Measurements of the Chandra X-ray 
Observatory PSF

❖ Forthcoming:

❖ AAS 238 Special Session on Systematic Uncertainties should be of special interest to IACHEC

❖ At least one more WG telecon before September

❖ Tutorial(s) on Machine Learning

❖ Talks on c-stat, PSF modeling and uncertainty, incorporating RMF and PSF uncertainties in analysis, atomic data uncertainty, 
spectral line detection

❖ Let me know if you want to be on the IACHEC mailing list (also, join the #calstats Slack channel)
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