
Contents

Part I Statistics in Cosmology

1 Likelihood-Free Inference in Cosmology: Potential
for the Estimation of Luminosity Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Chad M. Schafer and Peter E. Freeman

2 Commentary: Likelihood-Free Inference in Cosmology:
Potential for the Estimation of Luminosity Functions . . . . . . . . . . . . . . . . . . 21
Martin A. Hendry

3 Robust, Data-Driven Inference in Non-linear Cosmostatistics . . . . . . . . 27
Benjamin D. Wandelt, Jens Jasche, and Guilhem Lavaux

4 Simulation-Aided Inference in Cosmology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
David Higdon, Earl Lawrence, Katrin Heitmann,
and Salman Habib

5 Commentary: Simulation-Aided Inference in Cosmology . . . . . . . . . . . . . 59
Carlo Graziani

6 The Matter Spectral Density from Lensed Cosmic
Microwave Background Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Ethan Anderes and Alexander van Engelen

7 Commentary: ‘The Matter Spectral Density from Lensed
Cosmic Microwave Background Observations’ . . . . . . . . . . . . . . . . . . . . . . . . . 79
Alan Heavens

8 Needlets Estimation in Cosmology and Astrophysics . . . . . . . . . . . . . . . . . . . 83
Domenico Marinucci

ix



x Contents

Part II Bayesian Analysis Across Astronomy

9 Parameter Estimation and Model Selection
in Extragalactic Astronomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Martin D. Weinberg

10 Commentary: Bayesian Model Selection and Parameter
Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Philip C. Gregory

11 Cosmological Bayesian Model Selection: Recent Advances
and Open Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Roberto Trotta

12 Commentary: Cosmological Bayesian Model Selection . . . . . . . . . . . . . . . . 141
David A. van Dyk

13 Measurement Error Models in Astronomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Brandon C. Kelly

14 Commentary: “Measurement Error Models
in Astronomy” by Brandon C. Kelly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
David Ruppert

15 Asteroseismology: Bayesian Analysis of Solar-Like Oscillators . . . . . . . 171
Othman Benomar

16 Semi-parametric Robust Event Detection for Massive
Time-Domain Databases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
Alexander W. Blocker and Pavlos Protopapas

17 Bayesian Analysis of Reverberation Mapping Data . . . . . . . . . . . . . . . . . . . . 189
Brendon J. Brewer

18 Bayesian Mixture Models for Poisson Astronomical Images . . . . . . . . . . 197
Fabrizia Guglielmetti, Rainer Fischer, and Volker Dose

19 Systematic Errors in High-Energy Astrophysics . . . . . . . . . . . . . . . . . . . . . . . . 203
Vinay Kashyap

20 Hierarchical Bayesian Models for Type Ia Supernova Inference . . . . . 209
Kaisey S. Mandel

21 Bayesian Flux Reconstruction in One and Two Bands . . . . . . . . . . . . . . . . . 219
Eric R. Switzer, Thomas M. Crawford,
and Christian L. Reichardt

22 Commentary: Bayesian Analysis Across Astronomy . . . . . . . . . . . . . . . . . . . 225
Thomas J. Loredo



Contents xi

Part III Data Mining and Astroinformatics

23 Sparse Astronomical Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Jean-Luc Starck

24 Exploiting Non-linear Structure in Astronomical Data
for Improved Statistical Inference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Ann B. Lee and Peter E. Freeman

25 Commentary: Exploiting Non-linear Structure in Astronomical
Data for Improved Statistical Inference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
Didier Fraix-Burnet

26 Surprise Detection in Multivariate Astronomical Data . . . . . . . . . . . . . . . . 275
Kirk D. Borne and Arun Vedachalam

27 On Statistical Cross-Identification in Astronomy . . . . . . . . . . . . . . . . . . . . . . . 291
Tamás Budavári
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