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Foreword
“If you are not prepared for the unexpected you will never discover it.”
Heraclitus of Ephesus

Astronomical Data Analysis 8 Summer School (ADA 8)
This year the Statistical Challenges in 21st Century Cosmology (COSMO21) conference Is
preceded by a summer school on Astronomical Data Analysis (ADA). The ADA conference series
was a stand-alone conference held every two years since 2001 and it has been focused on
algorithms and information extraction from astrophysics data sets. Over the past few years ADA
has evolved into a practical hands-on training school where advanced data analysis methods and
algorithms are presented along with tutorials on the use of publicly available codes. ADA 8 is not
intended exclusively for an audience with background in Astronomy. Instead the lectures and
tutorials have been design mainly for young researchers at MSc, PhD and postdoc levels, albeit
any junior researchers in the field of data and image processing are welcome to attend.

ADA 8 - Scientific Organizing Committee
Jessi Cisewski, Yale University, USA
Emille Ishida, Université Blaise Pascal – Clermont-Ferrand, France
Alberto Krone-Martins, Universidade de Lisboa, Portugal - Chair
Fionn Murtagh, University of London, UK
Athanasios Rontogiannis, National Observatory of Athens, Greece
Ralf Siebenmorgen, European Southern Observatory, Germany
Jean-Luc Starck, Commissariat à l’Energie Atomique, France - Chair
Christian Surace, Laboratoire d’Astrophysique de Marseille, France
Roberto Trotta, Imperial College London, UK - Chair
Yves Wiaux Heriot-Watt University & University of Edinburgh, UK

ADA 8 - Local Organizing Committee
Athanasios Rontogiannis, Panagiotis Gavras, Alberto Krone-Martins, Michalis Zervakis

Cover Figure - The Phaistos Disc: The Phaistos Disc was found in 1908 at the
ruins of the earlier Minoan palace of Phaistos in Crete, Greece. The exact age
of the disk is uncertain, but it probably dates from the MM IIB period (17th
century BC). It was made of clay, its average diameter is 16 cm and it is 2.1
cm thick. Its mysterious inscription constitute 241 symbols, 122 on side A and
119 on side B, in spiral order. There appear 45 distinct symbols (with
repetitions). Those symbols were actually impressed on wet clay and then the
disk was fire-hardened. The signs belong to an ideographic and probably
syllabic script, which has not yet been deciphered despite the numerous
attempts over the years. Researchers have proposed widely diverse
speculations about the purpose, the contents of its inscription and its creators.
This has made the Phaistos Disc a real challenge for archaeologists and this
is the reason why the Disc has been chosen by the Foundation for Research
and Technology - Hellas (FORTH) as its symbol, as it expresses exactly the
same challenges scientists encounter every day during their research.
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Statistical Challenges in 21st Century Cosmology (COSMO21)
During the past 20 years there has been a resumption of a dialogue between astronomers and
statisticians. This dialogue has been fruitful and has been the origin of a new discipline that is now
widely called Astrostatistics. The main tools for comparing theoretical results with observations in
astronomy are statistical. However, the development of huge astronomical databases presents
challenges of scale, and has initiated an active use of newly-developed statistical techniques in
astronomy, notable examples being sparsity and compressed sensing.
COSMO21 is especially timely from the point of view of cosmological surveys, where the size
makes application of a fully Bayesian analysis computationally extremely demanding, especially in
the realm of model selection. Pan-STARRS will have a complete survey of 3π steradians of
petabyte size; the Dark Energy Survey and the VST KiDS surveys will be well underway
presenting similar difficulties in the data analysis. Moreover, the cosmological community will be
preparing for LSST and for Euclid, a survey of a large fraction of the sky at an angular resolution
close to that of the Hubble Space Telescope. Wide-field spectroscopic cosmology surveys of will
be targeting over 10 million objects with a spectral resolution of 5000, with the SKA precursors will
be grappling with data challenges which currently are unsolved. These examples also highlight the
big current role and even bigger future role of archival data in astrophysics research.

COSMO 21 - Scientific Organizing Committee
Bruce Bassett, University of Cape Town, South Africa
Vassilis Charmandaris, University of Crete & National Observatory of Athens, Greece
Eric Feigelson, Penn State University, USA
Alan Heavens, Imperial College London, UK - Chair
Joseph Hilbe, Arizona State University, USA
Alberto Krone-Martins, Universidade de Lisboa, Portugal
Rachel Mandelbaum, Carnegie Mellon University, USA
Vicent Martinez, Valencia Astronomical Observatory, Spain
Hiranya Peiris, University College of London, UK
Anaïs Rassat, École polytechnique fédérale de Lausanne, Switzerland
Jean-Luc Starck, Commissariat à l’Energie Atomique, France - Chair
Panagiotis Tsakalides, University of Crete & FORTH/ICS, Greece
Yanxia Zhang, National Astronomical Observatory, China

COSMO 21 - Local Organizing Committee
Panagiotis Tsakalides, Thanasis Rontogiannis, Grigorios Tsagkatakis, Michalis Zervakis

Administrative Support
Marili Chatzaki, University of Crete & FORTH/ICS, Greece
Support, both financial as well as in terms of logistics in-kind contribution for COSMO21 & ADA8
has been provided by: CEA/AIM, IAA, FORTH/ICS, LAM, Univ. of Crete, Univ. de Lisboa,
Technical Univ. of Crete, as well as the European Commission projects PHySIS and Dedale.
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ADA 8- Astronomical Data Analysis Summer School
Program
Sunday - May 22th, 2016
09:00

09:20

Registration

09:20

09:30

Welcome

09:30

10:30

Keynote talk: From Space to
Cyberspace: Evolving
Scientific Methodology in the
21st Century

10:30

10:50

10:50

13:00

13:00

14:30

14:30

16:10

16:10

16:30

16:30

18:00

G. Djorgovski

Coffee Break
S. Farrens

Tutorial: Sparsity
Lunch Break

S. Farrens

Tutorial: Sparsity
Coffee Break

S. Farrens

Tutorial: Sparsity

Monday - May 23th, 2016

09:30

10:30

10:30

10:50

10:50

13:00

13:00

14:30

14:30

16:10

16:10

16:30

16:30

18:00

Keynote talk: Deep
Convolutional Neural Networks
for Low – and High-Level
Problems in Computer Vision

I. Kokkinos

Coffee Break
R. S. de Souza, R. Trotta J. Hilbe Tutorial: Bayesian
Lunch Break
R. S. de Souza, R. Trotta, J. Hilbe Tutorial: Bayesian
Coffee Break
R. S. de Souza, R. Trotta, J. Hilbe Tutorial: Bayesian

Tuesday - May 24th, 2016
09:30

09:50

S. Sulis

Statistical analysis of an extrasolar planet detection
approach based on hydrodynamical simulations
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09:50

10:10

K. Rogers

Spin-SILC: CMB polarisation component separation
with spin directional wavelets

10:10

10:30

S. Jamal

zBayes: Bayesian approach for the spectroscopic
redshift estimation

10:30

11:10

11:10

11:30

M. Bonamigo

MCclusters: a Bayesian code for multi-wavelength
triaxial galaxy cluster modeling

11:30

11:50

D. Bayer

Surface Brightness Anomalies in High-Resolution
Observations of Strong Lenses

11:50

12:10

A. Niemiec

Halo mass measurement of satellite galaxies in CS82
and CFHTLens

Coffee Break - Posters

12:10

End of ADA8 Summer School

Statistical Challenges in 21st Century Cosmology
Program
Tuesday - May 24th, 2016
Session 1: Cosmology and Statistical Information I
Chair: Jean-Luc Starck
14:00

14:20

Vassilis Charmandaris Welcome

14:20

15:00

David Spergel,
Keynote

WFIRST and the next generation of
Surveys

15:00

15:30

Valeria Pettorino
Invited

Dark Energy and Modified Gravity after
Planck

15:30

15:50

Caitlin Adams

Beating cosmic variance in the low - redshift
universe

15:50

16:10

Adam Amara

Information from Cosmology Experiments

16:10

16:40

Coffee Break

Session 2: Gravitational Waves
Chair: Roberto Trotta
16:40

17:20

Regimbeau Tania,
Invited

Observation of Gravitational Waves from a
Binary Black Hole Merger: what next?

Poster Session

17:20

19:00

Up to 50 poster presentations
(~2 min each poster)

19:00

20:30

Cocktail
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Wednesday - May 25th, 2016
Session 3: Bayesian Methods
Chair: Alan Heavens
09:00

09:40

Roberto Trotta,
Keynote

09:40

10:00

Cong Ma

10:00

10:20

Hikmatali Shariff

10:20

10:40

Kaisey Mandel

10:40

11:10

Bayesian Hierarchical Models in
Cosmology
Application of Bayesian Graphs to Type
Ia Supernova Data Analysis and
Compression
BAHAMAS: new SNIa analysis reveals
inconsistencies with standard cosmology
Hierarchical Bayesian Models for Type Ia
Supernova Intrinsic Variations and Host
Galaxy Dust
Coffee Break

Session 4: Cosmology and Statistical Information II
Chair: Adam Amara
11:10

12:40

Benjamin Joachimi,
Invited

Small errors for big surveys

11:40

12:00

Didier Fraix-Burnet

Multivariate classification of galaxies: which
observables?

12:00

12:20

Andriy Olenko

On Minkowski functionals of random fields

12:20

12:40

Steven Murray

Accounting for Eddington bias in observed
mass functions using hierarchical Bayesian
likelihoods

12:40

14:00

Lunch Break

Session 5: Survey & Statistics
Chair: David Spergel
14:0

14:40

Shirley Ho, Keynote

14:40

15:00

Mark Neyrinck

15:00

15:20

Jelena Aleksic

15:20

15:40

L. Raul Abramo

15:40

16:00

Vicent Martinez

16:00

16:20

Valeria Amaro

16:20

16:50

Digging in the Large Scale Structure of
the Universe
Sliced correlations: revealing densitydependent clustering, and the correlation
function’s statistical issues
Digging Deeper in Imaging Surveys
Fourier analysis of multi-tracer cosmological
surveys
Joint constraints on galaxy bias and sigma8
through the N-pdf of the galaxy number
density
A new method for the probability density
estimation of photometric redshifts based on
machine learning
Coffee Break

Session 6: Machine Learning I
Chair: Emile E. O. Ishida
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16:50

17:10

Boris Leistedt

17:10

17:30

Alex Malz

17:30

17:50

Carlo Enrico Petrillo

20:30

00:00

Accurate photometric redshifts with no or
shallow spectroscopic training data
Cosmological Inference Using Photometric
Redshift Probability Distribution Functions
Selection of strong gravitational lenses with
convolutional neural networks
Conference Dinner

Thursday - May 26th, 2016
Session 7: Lensing I
Chair: Hiranya Peiris
09:00

09:40

Alexie Leauthaud,
Keynote

09:40

10:00

Gary Bernstein

10:00

10:20

Francois Lanusse

10:20

10:40

Chieh-An Lin

10:40

11:10

Weak Gravitational Lensing from the
Hyper Suprime Cam 1400 Square Degree
Survey
Practical, accurate, and rigorous Bayesian
lensing inference from galaxy images
Sparse regularisation to the rescue of 3D
weak-lensing mass-mapping, application to
the COSMOS and STAGES surveys
Approximate Bayesian computation: an
application to weak-lensing peak counts
Coffee Break

Session 8: Lensing II
Chair: Alexie Leauthaud
11:10

11:40

Yabebal Fantaye,
Invited

Multiple peak testing on the sphere:
controlling the false discovery rate

11:40

12:00

Fernanda Ostrovski

Morphology independent multi - wavelength
selection of gravitationally lensed quasars

12:00

12:20

Julien Carron

Efficient exploration of lensing
CMB likelihoods and posteriors

12:20

14:00

Lunch Break

Session 9: Cosmic Web
Chair: Vincent Martinez
14:00

14:30

Alice Pisani, Invited

14:30

14:50

Yen-Chi Chen

14:50

15:10

Florent Leclercq

15:10

15:30

Marius Cautun

Precision Cosmology with Cosmic Voids
Cosmic Web Reconstruction through Density
Ridges
Cosmic web analysis and information theory:
some recent results
Testing cosmology on very small scales
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15:30

15:50

15:50

16:30

Seshadri Nadathur

Testing cosmological models with cosmic
voids from the BOSS galaxy surveys
Coffee Break

Session 10: Machine Learning II
Chair: Alberto Krone-Martins
16:30

16:50

Emille E. O. Ishida

16:50

17:10

Aleksandra Solarz

17:10

17:30

Joshua Speagle

Exploring the spectroscopic diversity of type
Ia supernovae with Deep Learning and
Unsupervised Clustering
Classification and clustering analysis of
infrared-selected galaxies in AKARI NEP
Deep Field
Mapping and Exploiting the Color-Redshift
Relation Probed by Large-Scale Photometric
Surveys

Friday - May 27th, 2016
Session 11: Sparsity
Chair: Yves Wiaux
09:00

09:40

Pierre Vandergheynst, Sampling, inference and clustering for
Keynote
data on graphs

09:40

10:00

Jason McEwen

10:00

10:20

Remy Joseph

10:20

10:40

Christopher Wallis

10:40

11:10

EB separation with spin directional wavelets
Deblending colorful objects: a morphospectral component analysis method for
automated source separation
Sparse image reconstruction on the sphere:
Analysis vs Synthesis
Coffee Break

Session 12: Survey & Statistics II
Chair: Alice Pisani
11:10

11:30

Austin Peel

11:30

11:50

Jack Singal

11:50

12:10

Elena Sellentin

12:10

12:30

Alexander Eggemeier

12:20

14:00

Cosmological constraints from peak counts
in a Euclid-like simulation
Non-parametric Determination of Luminosity
Evolutions, Correlations, and Distributions in
AGN from Flux Limited Survey Data
Parameter inference with estimated
covariance matrices
Cosmological constraints from phase
statistics
Lunch Break

Session 13: Radio
Chair: Jason McEwen
14:00

14:20

Yves Wiaux

14:20

14:40

David Mary

Scalable algorithms for next-generation
radio-interferometric imaging
Strategies for the reconstruction of spatiospectral data cubes in the perspective of the
SKA
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14:40

15:00

15:00

15:20

15:20

15:40

15:40

16:00

16:00

16:30

16:30

17:00

Catherine Allin
Watkinson

Moving beyond the power spectrum of 21cm
maps
Galaxy shape measurement for radio weak
Marzia Rivi
lensing
BAO reconstruction from 21cm intensity
Andrej Obuljen
mapping
Extracting Science from the Square
Melanie Johnston-Hollitt
Kilometre Array
Coffee Break
Gary Bernstein

Closing Talk
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Poster Presentations
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Chan
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Rafael S.
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A Test of Spherical Evolution of Cosmic Voids in Λ-CDM

16

Dupac

Xavier

The Planck Legacy Archive for cosmology

17

Ebrahimpour

Leyla S.

Bayesian parametric and non-parametric characterisation
of relations between galaxy cluster properties
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PSF Deconvolution For Future Weak Lensing Surveys
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Benjamin
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Gizani

Nectaria

21

Godłowski

Wlodzimierz
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Han

Bo

Poster Title

Jennifer Y.
H.
Jennifer Y.
H.

Testing Einstein's gravity with the gravitational slip statistic
on cosmological scales
Accurate Modeling of Galaxy Clustering on Small Scales
through Data Simulation
Constraints on Induced Gravity: reproducing the cosmic
acceleration with a scalar-tensor model
Probing violations of slow-roll inflation with future galaxy
surveys
Joint Measurement of Lensing-Galaxy Correlations Using
South Pole Telescope and Dark Energy Survey Data
Automated classification of emission line galaxies using
machine learning methods
Photo-z-SQL: Integrated On-demand Photo-z Services in a
Database
Minimally Parametric Power Spectra from BOSS Lymanalpha data
Polarization predictions for cosmological models with
broken statistical isotropy
Morphological classification of galaxies using deep learning
Exploiting the 21cm power spectrum: forecasts for SKA on
the warm dark matter and cross-correlation with the Lymanalpha forest flux.
Cosmological polarised radiative transfer and diagnostics of
large-scale magnetic field structures
Second-generation curvelets on the sphere for efficient
representation of elongated structure
Beyond Gaussian: An overview of Bayesian Generalized
Linear Models for Astronomers

Results from the first 450 sq. degrees of the Kilo Degree
Survey
Using diffuse radio emission in clusters of galaxies to probe
the cosmic web, cosmic rays and dark matter
New method of investigation of the alignment of galaxies in
clusters
A Divide and Conquer Approach Applied for Photometric
Redshift Estimation
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zBayes : Bayesian approach for the spectroscopic redshift
estimation
Dark Energy illuminated by cosmic voids in the DES
footprint
Cosmic troublemakers: the Cold Spot, the Eridanus
Supervoid, and the Great Walls
Stellar classification from single-band imaging using
machine learning

23

Jamal

Sara

24

Kovács

András

25

Kovács

András

26

Kuntzer

Thibault

27

Lablanche

Pierre-Yves

A MCMC method for supernova classification

28

Lei

Ya-Juan

Spectral analysis of the SUZAKU data of GX 9+9

29

Leistedt

Boris

3D weak lensing with spin wavelets on the ball

30

Long

James

Near Field Cosmology with RR Lyrae Variable Stars

31
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Daisy

32
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Nunez
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35

Petrakis

Manolis

35
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36
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Giuliano

37
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38
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Gabor
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Joseph

40

Renneby

Malin

41

Rogers

Keir

42

Ruppin

Florian

43

Sánchez Gil

M. Carmen

44

Schmit

Claude

3D Statistical Analysis of the Cosmic 21cm Signal

45

Schmitt

Alain

AMAZED : Algorithm for Massive Automated Z Evaluation
and Determination

New measurement of CIB power spectra from Planck HFI
maps
Halo mass measurements of satellite galaxies in CFHT
Stripe82 and CFHTLenS
Photometric Selection of a Massive Galaxy Catalog with z≥
0.55
Cosmological constraints from peak counts in a Euclid-like
simulation
Non-Stationary Covariance Functions for the Interpolation
of Irregularly Sampled Data Sets
Selection of strong gravitational lenses with convolutional
neural networks.
Supernovae photometric typing for the SUDARE survey
The Influence of Convolutional Gridding on Sparse Image
Reconstruction for Radio Interferometry
An n-body simulation to estimate the effects of
inhomogeneities on the expansion of the Universe
Automated colour-based deblending of the Hubble Frontier
Fields
The galaxy-halo relation through a lens of cosmological
rescaling
Spin-SILC: CMB polarisation component separation with
spin directional wavelets
Multi-probe analysis of high resolution observations of
galaxy clusters by the NIKA camera
Hierarchical Bayesian approach for estimating physical
properties in spiral galaxies
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Gaussianisation for Bayesian posterior distributions and
model comparison in cosmology
A Model for Evolution of Lyα Blobs Number Density at z~ 16.6
Statistical analysis of an extrasolar planet detection
approach based on hydrodynamical simulations
A matched filter approach for the joint detection of galaxy
clusters in X-ray and SZ surveys
Mapping the Mass Along the Line of Sight of Multiply
Lensed Quasars
Pushing further component separation and improving
Planck cosmological results

46

Schuhmann

Robert L.

47

Smailagic

Marijana

48

Sulis

Sophia

49

Tarrío

Paula

50

Tihhonova

Olga

51

Umiltà

Caterina

52

Yu

Yu

Kriging Interpolating Cosmic Velocity Field

53

Zhang

Yanxia

The Influence of Sample Selection on Photometric Redshift
Accuracy
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Fourier analysis of multi-tracer cosmological surveys
L. Abramo
We present optimal quadratic estimators for the Fourier analysis of cosmological surveys that
detect several different types of tracers of large-scale structure. Our estimators can be used to
simultaneously fit the matter power spectrum and the biases of the tracers --- as well as redshiftspace distortions (RSDs), non-Gaussianities (NGs), or any other effects that are manifested
through differences between the clusterings of distinct species of tracers. Our estimators reduce to
the one by Feldman, Kaiser \& Peacock (ApJ 1994, FKP) in the case of a survey consisting of a
single species of tracer. We show that the multi-tracer estimators are unbiased, and that their
covariance is given by the inverse of the multi-tracer Fisher matrix (Abramo, MNRAS 2013;
Abramo & Leonard, MNRAS 2013). When the biases, RSDs and NGs are fixed to their fiducial
values, and one is only interested in measuring the underlying power spectrum, our estimators are
projected into the estimator found by Percival, Verde & Peacock (MNRAS 2003). We have tested
our estimators on simple (lognormal) simulated galaxy maps, and we show that it performs as
expected, being either equivalent or superior to the FKP method in all cases we analyzed. Finally,
we have shown how to extend the multi-tracer technique to include the one-halo term of the power
spectrum.
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Digging Deeper in Imaging Survies
H. Aleksic
Accurate statistical measurement with large imaging surveys has traditionally required throwing
away a sizable fraction of the data. This is because most measurements have have relied on
selecting nearly complete samples, where variations in the composition of the galaxy population
with seeing, depth, or other survey characteristics are small. We introduce a new measurement
method that aims to minimize this wastage, allowing precision measurement for any class of stars
or galaxies detectable in an imaging survey. We have implemented our proposal in Balrog, a
software package which embeds fake objects in real imaging in order to accurately characterize
measurement biases. We present Balrog and some of its applications, as well as note how the
methodology could be useful for extending the statistical reach of measurements in a wide variety
of coming imaging surveys.
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Beating cosmic variance in the low-redshift
A. Caitlin
Observations at low-redshift can be used to distinguish between two promising explanations of the
Universe’s accelerating expansion: dark energy and modified gravity. Specifically, modified gravity
theories introduce scale-dependence in the growth rate of structure, encoded in the distribution
and velocities of galaxies. However, the smaller survey volume associated with these observations
means they’re limited by sample variance. To overcome this issue, we have developed a new
maximum-likelihood approach for simultaneously fitting the observed density and peculiar velocity
fields including the effects of correlated sample variance. Our methodology naturally allows the
measurement of the growth rate as a function of scale, and we present first results from the 6degree Field Galaxy Survey.
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Information from Cosmology Experiments
Α. Amara
Bayesian statistical methods have become commonplace in cosmology, and numerous new
experiments have reported posterior results on cosmological parameters. With all of these
measurements we can ask basic questions, such as: How much have given experiments
contributed to our knowledge of the Universe? And are the results from these different experiments
consistent with each other? I will present a summary of relative entropy and how this powerful
statistical tool can be used to condense complex results to address these important questions. To
demonstrate this tool, I will show results from the CMB [1, 2], before moving to large scale
structure measures, where we are now able to robustly rank order the contributions to our
knowledge of the Universe from all the latest measurements [3]. To conclude, I will focus on the
Dark Energy Survey for which we have recently published our first cosmology results [4].
References [1] Seehars, S., Amara, A., Refregier, R., Paranjape, A., Akeret, J. Information gains
from cosmic microwave background experiments. Physical Review D, Volume 90, Issue 2, 2014.
[2] Seehars, S., Grandis, S., Amara, A., Refregier, R. Quantifying Concordance. Submitted to PRD
(arXiv:1510.08483), 2015 [3] Grandis, S., Seehars, S., Refregier, R., Amara, A., Nicola, A.
Information Gains from Cosmological Probes. Submitted to JCAP (arXiv:1510.06422), 2015 [4]
Dark Energy Survey (DES) Collaboration. Cosmology from Cosmic Shear with DES Science
Verification Data. Submitted to PRD (arXiv:1507.05552), 2015
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A new method for the probability density estimation of photometric redshifts based on
machine learning
V. Amaro
Photo-z estimation is becoming an indispensable tool in extragalactic astronomy, as the pace of
galaxy detection in imaging surveys far outstrips the rate at which follow-up spectroscopy can be
performed. Moreover fundamental science topics, such as dark energy, by making use of
techniques like weak gravitational lensing, require the determination of very accurate photometric
redshifts.
A wide plethora of methods have been and are experimented on a large variety of all-sky multiband surveys, based either on physical template models fitting the Spectral Energy Distributions or
on empirical explorations of the photometric parameter space, trying to learn its hidden crosscorrelation with spectroscopic redshifts, provided for a limited data sample. In such context a
challenging problem is to characterize photo-z predicted by empirical methods, trying to weight the
contribution of photometric uncertainty in the parameter space.
Machine learning (ML) based techniques are invariant to the physical priors, able to produce a
high-quality photo-z estimation within the photometric ranges derived by the spectroscopic training
set. Moreover, a photo-z Probability Density Function (PDF) is much harder to be obtained for MLbased methods, due to their hidden way to find the flux-redshift correlations in the parameter
space.
We present METAPHOR (Machine-learning Estimation Tool for Accurate PHOtometric Redshifts),
an original method designed to provide a reliable PDF of the error distribution of photometric
redshifts predicted by empirical methods.
The method results invariant to the specific machine learning model chosen to predict photo-z. We
present a summary of results of validation cases (such as Euclid, KiDS, SDSS), where
METAPHOR revealed the full capability to estimate the precision and reliability of photometric
redshifts obtained by different self-adaptive techniques (such as neural networks, random forest
and K-Nearest Neighbors).
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Practical, accurate, and rigorous Bayesian lensing inference from galaxy images
G. Bernstein
The “BFD” method of weak lensing inference starts with compression of galaxy images into
seeing-corrected moments with well-characterized noise distributions. Combining this with
rigorous treatment of noise likelihood, well-designed selection criteria, and the use of high-S/N sky
sample to approximate the distribution of intrinsic galaxy properties, we construct a fast and robust
shear estimator that we show to attain part-per-thousand accuracy even for galaxies at S/N<10. I
will show the necessity and means to generalize BFD to produce joint estimates of lensing and
photometric redshift. This can in turn serve as the basis of a method to sample the cosmic mass
overdensity by combining the galaxy density and lensing information in a single analysis.
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Efficient exploration of lensing likelihoods and posteriors.
J. Carron
Gravitational lensing of the CMB is a valuable cosmological signal that correlates to tracers of
large-scale structure and acts as a important source of confusion for primordial B-modes searches.
State-of-the-art lensing reconstruction analysis, as performed most precisely with Planck, use
quadratic estimators, easily applicable to data.
These estimators are known to be somewhat suboptimal, in particular for polarisation, and must
require precise modeling of several sources of a large reconstruction bias. However, alternative
approaches, such as Bayesian or likelihood-based, have not been very successful so far, due to
the complexity of the anisotropic lensed CMB likelihood, and a heavy computational burden.
I'll present here a code that is able to explore efficiently the lensing likelihood, without introducing
any approximation, together with applications to lensing reconstruction and CMB delensing.
Roughly linear computational cost is maintained due to fast convergence of iterative searches,
combined with the local nature of lensing. Optimal lensing potential maps can be produced in this
way even for high resolution CMB stage IV configurations.
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Testing cosmology on very small scales
M. Cautun
I will discuss the extent to which the galactic scale distribution of galaxies can be used to constrain
cosmology. Recent observations have shown that satellite galaxies are preferentially distributed in
planar rotating configurations, i.e. flattened structures with signs of coherent rotation. Several
studies have claimed that these observed planes of satellite galaxies are in strong disagreement
(>4σ) with the predictions of the standard cosmological model, with the observed planes being
thinner and more kinematically coherent than their Λ-CDM counterparts.
To a large extent, the claimed discrepancies are due to an improper statistical analysis of the data
by not taking into account the look-elsewhere effect and by performing a posteriori defined tests. I
will illustrate this using two examples. First, the Ibata et al. (2014) 4σ excess of rotating planes of
satellites disappears when accounting for the look-elsewhere effect. Secondly, a reanalysis of the
Local Group planes of satellites, for which we have the best observational data, shows <2σ
discrepancy with theory. In this case, the> 6σ discrepancy with Λ-CDM claimed by several
previous studies was due to the a posteriori nature of the tests performed. We showed that while
satellite planes are ubiquitous in Λ-CDM, there is a large diversity in the properties of these planes.
This very diversity has been misinterpreted as a discrepancy between observations and theoretical
predictions.
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Cosmic Web Reconstruction through Density Ridges
Y-S. Chen
The detection and characterization of filamentary structures in the cosmic web allows cosmologists
to constrain parameters that dictate the evolution of the Universe. To detect cosmic filaments, we
propose a density ridge model and introduce the subspace constrained mean shift algorithm. The
density ridges are collection of curves that represent high density regions. By comparing density
ridges to both smoothed particle hydrodynamics simulation and the Sloan Digital Sky Survey, we
found that several properties of galaxies, including principal axes, color, stellar mass and size, are
all associated with filaments.
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Cosmological constraints from phase statistics
A. Eggemeier
To date, statistical analyses of the large-scale distribution of galaxies still heavily rely on the power
spectrum or its equivalent, the two-point function. However, a significant amount of information is
encoded in higher-order statistical measures, induced by the non-linear stage of structure
formation. Their potential is far from being fully exploited yet, which is about to change with
upcoming surveys that cover a large fraction of the observable Universe. Given the wealth of data
these surveys will produce, progress will crucially depend on our capability to efficiently extract
these information, both from a practical and methodological perspective. In this sense, statistics
based solely on the Fourier phases of the density field might prove to be advantageous compared
to conventional measures, such as the bispectrum. As correlations among phases exclusively
arise from non-linear couplings, they are a more direct probe of this regime and only contain
information complementary to the power spectrum.
In this talk I will introduce the line correlation function, a recently proposed measure of phase
statistics. Adopting a local Lagrangian biasing scheme I will present a model for the galaxy line
correlation function and demonstrate how it is able to break degeneracies present in power
spectrum or bispectrum analyses. I will then discuss its covariance properties based on analytical
methods as well as measurements from a large suite of N-body simulations. Finally, bringing these
two parts together, I will show the results of a Fisher forecast on various cosmological parameters,
thus assessing for the first time the information content of phase statistics.
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Multiple peak testing on the sphere: controlling the false discovery rate
Y. Fantaye
We present a topological multiple testing scheme for detecting peaks on the sphere under isotropic
Gaussian noise, where tests are performed at local maxima of the observed field filtered by the
spherical needlet transform. More precisely, our work focuses on a case where a single realization
of a smooth isotropic Gaussian random field on the sphere is observed, and a number of welllocalized signals are superimposed on such background field. The proposed algorithm, combined
with the Benjamini-Hochberg procedure for thresholding p-values, provide asymptotic strong
control of the False Discovery Rate (FDR) and power consistency as the signal strength and the
frequency of the needlet transform gets large. Our setting is relevant to realistic experimental
circumstances in astronomy, in particular for detecting point sources in the cosmic microwave
background maps. I will discuss the results we obtained by applying this novel multiple testing
method on the recent Planck cosmic microwave background radiation data.
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Multivariate classification of galaxies: which observables?
D. Fraix-Burnet
Modern observations of galaxies imply many telescopes, many instruments, hence yield many
observables. The physics of galaxies involves many components characterized by many
properties. Traditionally, the morphology was used to describe and classify galaxies because it
was the only available descriptor. But one parameter is not enough to describe the complexity and
the diversity of galaxies. For about thirty years, several studies have used statistical clustering
approaches to devise a classification based on multiple, quantitative and objective parameters. But
how can we select these parameters? How can we avoid subjectivity, redundancies,
incompatibilities?
In this talk I show that several statistical tools are necessary to explore the data space and
objectively select the right set of parameters for the intended unsupervised clustering technique to
provide a reliable result.
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Digging in the Large Scale Structure of the Universe
S. Ho
Galaxy surveys provide the means to map out cosmic large-scale structure (LSS) in three
dimensions. The information (galaxy locations) is typically condensed into a single function of
scale, such as the galaxy correlation function or power-spectrum. However, galaxies and quasars
are not the only footprint of LSS those surveys provide. In this talk, I would highlight two different
novel approaches to analyze the current and upcoming large scale structure data. First I will
present a new method called SCMS (Subspace Constrained Mean Shift) which provides a robust
characterization of the filamentary structure of the Universe, and provides uncertainty measures
which are necessary for any statistical analysis of large-scale structure. This allows us to
significantly improve the science gain in current and future surveys without additional cost. I will
highlight a few of new avenues that we weren't able to probe before. Second I will present an
automated technique for detecting absorbers along spectroscopic sightlines to distant objects such
as quasars. We will reconstruct a cosmic map with these absorption systems at redshifts $z ~2$,
when the Universe was only 10-20\% of its current age. Crucially, our method will allow us to
interpolate between lines of sight, where we have no direct measurements.
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Exploring the spectroscopic diversity of type Ia supernovae
with Deep Learning and Unsupervised Clustering
E. Ishida
The existence of multiple subclasses of type Ia supernovae (SNIa) has been the subject of great
debate in the last decade. One major challenge inevitably met when trying to infer the existence of
one or more subclasses is the time consuming, and subjective, process of subclass definition. In
this work, we show how machine learning tools facilitate the automatic discovery of subpopulations of SNIa; to that end we introduce the DRACULA Python package (Dimensionality
Reduction And Clustering for Unsupervised Learning in Astronomy). Our approach is divided in
three steps: (i) Transfer Learning, which takes advantage of all available spectra (even those
without an epoch estimate) as an information source, (ii) dimensionality reduction through Deep
Learning and (iii) unsupervised learning (clustering) using K-Means. Results match a previously
suggested classification scheme, showing that the proposed method is able to grasp the main
spectral features behind the definition of such subclasses. Moreover, our methodology is capable
of automatically identifying a hierarchical structure of spectral features. This allows the
confirmation of the velocity of lines as a first order effect in the determination of SNIa sub-classes,
followed by 91bg-like events.
In this context, SN Ia spectra are described by a space of 4 dimensions + 1 for the time evolution
of objects. We interpreted this as evidence that the progenitor system and the explosion
mechanism should be described by a small number of initial physical parameters. Given the
expected data deluge in the forthcoming years, our proposed approach is essential to allow a quick
and statistically coherent identification of subclasses (and outliers). DRACULA is publicly available
within COINtoolbox (https://github.com/COINtoolbox/DRACULA). This is a result from the second
COIN Residence Program, an initiative which originated in the last Cosmo21 meeting in Lisbon,
2014.
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Small errors for big surveys
B. Joachimi
The precise and accurate determination of the variance-covariance of the large data vectors
arising in large-scale structure measurements remains one of the bottlenecks en route to probing
cosmology with Euclid, LSST, or the final stages of DES and KiDS. The use of large suites of mock
survey realisations and the subsequent calculation of the sample covariance matrix was
considered the gold standard for a long time. Recently, however, it was found that the noise
typically induced by the finite number of mocks can have significant impact on the computational
requirements and the inference methodology of a cosmological analysis (Taylor & Joachimi 2014;
Sellentin & Heavens 2016). Moreover, the importance of large modes, coupled with the survey
geometry, was long under-estimated but cannot be accounted for in typical mocks based on Nbody simulations. This has renewed interest in analytical effective models of large-scale structure
covariances (e.g. Takada & Hu 2013). In the context of these recent developments, I will present
two new lines of research: 1. I will demonstrate how to incorporate realistic survey geometries into
analytic models of covariance and show their impact on cosmological inference. 2. I will
demonstrate the cosmological performance of a non-linear shrinkage estimator of covariance,
recently proposed in econometrics (Lam 2015) with the promise of massive reductions in adverse
noise effects.
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Extracting Science from the Square Kilometre Array
M. Johnston-Hollitt
The Square Kilometre Array (SKA) will produce data at an unprecedented rate requiring new
methods of data distribution and analysis. Here we present an overview of the SKA Science
Analysis Pipeline and discuss the challenges of extracting science from the vast SKA dataset. A
particular challenge is automated extraction of diffuse, low-surface brightness radio emission from
continuum radio images. Such emission, which includes cluster radio halos and relics and lobes of
faint radio galaxies, is not accessible to current source detection algorithms which are largely
based on thresholding. Until now the traditional method to discover such emission has been a
combination of reprocessing to lower resolutions and/or eyeballing the sky, but these approaches
are impractical at SKA scales. We will present a new algorithm, Oddity, which is capable of
detecting such sources automatically on full resolution images, without either the need to
reprocess or inspect the full images.
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Deblending colourful objects: a morpho-spectral component analysis method for
automated source separation.
R. Joseph
Astronomical objects are often seen merged / blended on the plane of the sky. This blending can
be apparent, because objects at different distances are seen in projection on the plane of the sky
or, real, because different objects at the same distance are physically overlapping. In strong
gravitational lensing this effect is of particular importance since strong lenses are alignments of
galaxies, lenses and sources, at various redshift. Given the difference in redshift and hence in
stellar population, blended objects are very likely to present different colours. To separate such
objects, current techniques rely on model profile fitting of individual objects identified at a given
redshift or on adequate subtraction of band images probing different colour components.
We introduce a new Multi-band morpho-Spectral Component Analysis Deblending Tool
(MuSCADeT) that aims at deblending objects with different colours on an automated way simpley
based on the difference in colour of blended objects and their sparsity in adequate dictionaries. We
present the results of our implementation with tests on simulated data that emulate realistic
problems as well as with real lenses.
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Sparse regularisation to the rescue of 3D weak-lensing mass-mapping, application to the
COSMOS and STAGES surveys
F. Lanusse
Weak-lensing mass-mapping is a well established tool for studying the projected dark matter
distribution on the sky. In principle, when tomographic shear measurements are available, the
formalism can be extended to recover the de-projected 3D dark matter density. However, this
amounts to solving an extremely ill-posed linear inverse problem, which has limited for a long time
the quality of the recovered maps and therefore the range of applications of 3D mass-mapping.
We recently proposed a new approach to the 3D mass-mapping problem based on sparse
regularisation and we demonstrated on simple simulations that our wavelet based sparsity prior is
far more effective at inverting the line-of-sight problem than the previous linear regularisation
schemes proposed in the literature. In particular, structures are recovered for the first time without
smearing along the line of sight and with unbiased amplitudes.
We now present a full-fledged sparse reconstruction algorithm, incorporating reduced shear
measurements and redshift estimates for individual lensing sources. We present the first
application of the method to real data and reconstruct the COSMOS field as well as the Abell
901/902 supercluster from the STAGES survey.
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Weak Gravitational Lensing from the Hyper Suprime Cam 1400 Square Degree Survey
A. Leauthaud
Understanding the nature of Dark Matter and Dark Energy represent two significant challenges for
the 21st century. Weak lensing, which relies simply on the laws of gravity, is a unique method that
can be used to directly probe the dark components of our universe. While previous weak lensing
surveys have been modest, reaching a few hundred square degrees, the state-of-the art in this
field is changing dramatically with surveys such as the Hyper Suprime Cam (HSC) survey, an
ambitious multi-wavelength (g,r,i,z,y) weak-lensing program to map out 1400 square degrees of
the sky with the 8.2m Subaru Telescope to i~26 mag. Euclid, WFIRST and LSST will follow in less
than a decade. I will present early results from the HSC survey with an emphasis on our
methodology to derive unbiased photometric redshifts for weak lensing measurements.
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Cosmic web analysis and information theory: some recent results
F. Leclercq
BORG (Bayesian Origin Reconstruction from Galaxies) is an inference engine that derives the
initial conditions given a cosmological model and the survey data, and produces physical
reconstructions of the underlying large-scale structure by assimilating the data into the model.
Building upon the application of BORG to the Sloan Digital Sky Survey data, I will present detailed
characterizations of dynamic cosmic web type environments.
These developments naturally bring in a connection between cosmic web analysis and information
theory. I will discuss the Shannon entropy of the structure-type probability distribution and the
information gain due to SDSS galaxies, and propose a decision criterion for classifying structures
in the presence of uncertainty. I will also introduce utility functions for the optimal choice of a
cosmic web classifier, specific to the application of interest. As showcases, I will discuss the
discrimination of dark energy models from the cosmic web and an approach inspired by supervised
machine learning for predicting galaxy colours given their large-scale environment.
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Accurate photometric redshifts with no or shallow spectroscopic training data
B. Leistedt
Testing cosmological models with deep imaging surveys such as the Dark Energy Survey and
LSST requires accurate photometric redshifts of millions of galaxies in extended redshift ranges.
However, very few spectroscopic observations are available at high redshift, where a significant
amount of the cosmological information is. As a result, photometric redshifts rise as a major source
of uncertainty in the exploitation of current and upcoming surveys. I will present a novel
hierarchical probabilistic model to address these issues and obtain accurate photometric redshifts
even in the presence of spatially-varying depth and shallow inhomogeneous spectroscopic data.
This model qualifies as both physical and data-driven: it takes advantage of the well-known
physics of galaxy luminosities and doppler shift but is flexible enough to accommodate the
complexity of both spectroscopic and photometric observations. Thus, this approach combines the
advantages of both template fitting and machine learning methods, and matches the performances
of the best existing methods in regions with good training data. In addition it allows a robust
redshift inference in regions with poor or no training data, while fully capturing the uncertainties
about the survey and the underlying physics. This approach will be crucial to exploit the high
redshift, faint galaxies observed by deep imaging surveys such as DES and LSST.
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Approximate Bayesian computation: an application to weak-lensing peak counts
C-A. Lin
Weak gravitational lensing (WL) probes massive structures in the Universe on large scales,
providing the information about the late-time evolution of the dark matter. One way to extract the
non-Gaussian part of this information is WL peak counts, which have been shown as a promising
tool to constrain cosmology.
We propose a new model to predict WL peak counts. We generate fast simulations based on halo
sampling, and select peaks from the derived lensing maps. This approach has three main
advantages. First, the model is very fast: only several seconds are required for performing a
realization. Second, including realistic conditions is straightforward. Third, the model provides the
full PDF information because of its stochasticity.
We combine approximate Bayesian computation (ABC) with our model to constrain cosmological
parameters. ABC is an alternative solution for the posterior when the likelihood estimation is
intractable. It is an accept-reject sampler, and probes a posterior considered close to the true one.
Without the need to evaluate the covariance matrix for the likelihood, ABC can considerably
reduce the computation cost.
I will first validate our model by comparing it with N-body simulations. Then, I will demonstrate how
parameters are constrained with population Monte Carlo ABC (PMC ABC), and show its
agreement with the results using likelihood function. I will also examine different filtering
techniques for WL and study their impacts on constraints. Finally, an outlook on parameter
constraints using ABC with data from the surveys such as CFHTLenS, KiDS, and DES.
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Application of Bayesian Graph Models to Cosmological Parameter Inference and Data
Compression of Type Ia Supernovae
C. Ma
Bayesian graph models are an efficient tool to model complex data and derive expressions of the
posterior distribution of model parameters. We apply Bayesian graphs in statical analyses of Type
Ia supernova luminosity distance measurements from the Joint Light-curve Analysis (JLA) dataset
to infer cosmological parameter constraints and generate compressed distance modulus data.
Contrary to the standard χ2 approach in previous analysis, Bayesian methods allows us to fully
account for the standard-candle parameter dependence of the data covariance matrix. Comparing
with results from standard χ2-analysis we find a systematic offset of inferred parameters that is
especially significant in the SN standardization parameters, favoring lower absolute values of the
standard-candle relation parameters and the host-galaxy stellar mass correction. We find a similar
effect on compressed distance modulus data. To this end we developed a fully Bayesian
compression method of the JLA data with accurate approximation of the posterior for performance,
with publicly-available implementation. Overall, we stress the need for using a fully consistent
Bayesian statistical approach in the analysis of large SNIa data.
A byproduct of our work is a new method of comparing covariance matrices, suitable for visualizing
structural differences in the presence of noise or numerical errors.
Methods of this work are used in our ongoing study of the distance-duality (DD) relation of
standard-candles vs. standard-rulers. For the first time we account for the full correlations of SNIa
luminosity distance at different redshifts, as well as the effect of intrinsic SNIa peak luminosity
uncertainty, to compute model-independent, joint posterior distributions of DD-parameter η at
different redshifts. Contrary to previous studies, we show the absence of evidence for statistically
significant deviation from the DD relation. Especially, there is no evidence for systematic SNIa
brightening.
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Cosmological Inference Using Photometric Redshift Probability Distribution Functions
A. Malz
Photometric redshift probability distribution functions are rapidly replacing redshift point estimates
as products of photometric galaxy surveys. Though there is not yet agreement on the best way to
derive such data, they are most commonly stacked to obtain an estimate of the redshift distribution
function necessary for weak gravitational lensing calculations and reduced to point estimates in
calculations of more complicated statistics. This work challenges that paradigm and proposes a
mathematically consistent technique motivated by fundamental probability theory in which a
hierarchical graphical model elucidates the relation of interim photometric redshift posteriors to a
full posterior distribution over relevant physical parameters, which is sampled by Monte-Carlo
Markov-Chain procedures. The fully probabilistic approach is applied to the simplest one-point
statistic of redshift and validated on synthetic data. It is demonstrated that this method compares
favorably to popular alternatives such as stacking and conversion of photometric redshift
probability distributions to point estimates of redshift.
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The Type Ia Supernova Color-Magnitude Relation and Host Galaxy Dust: A Hierarchical
Bayesian Model
K. Mandel
Conventional analyses in Type Ia supernova (SN Ia) cosmology currently use a simplistic
regression model of SN Ia magnitudes versus color and light curve shape, which does not
distinguish between the physically distinct effects of intrinsic SN Ia color-luminosity variations and
host galaxy dust extinction and reddening. This approach results in a puzzling discrepancy
between the estimated color-magnitude relation and the extinction-reddening vector expected from
normal interstellar dust. We have constructed a probabilistic generative model describing the
distribution of absolute magnitudes and apparent colors as arising from a combination of an
intrinsic SN Ia distribution and a host galaxy dust distribution. We incorporate these distinct effects
into a hierarchical Bayesian statistical model for SN Ia light curve data, and estimate the
hyperparameters of this model via maximum likelihood and Gibbs sampling. We use the model
to analyze the optical light curve data from a sample of 277 nearby SN Ia at z<0.10 by coherently
estimating the distinct intrinsic and dust components. We find that the data is consistent with a
population average E(B-V) dust reddening of 0.07 +/- 0.01 mag, and a dust law of RV = 2.7+/-0.3,
consistent with the typical average for Milky Way dust. By simultaneously modeling the distinct
effects of intrinsic SN Ia variations and host galaxy dust, our model corrects for a color-dependent
systematic distance bias in the tails of the SN Ia apparent color distribution. We will discuss the
implications of this statistical model applied to a compilation of ~900 cosmological SN Ia out to z~1
cross-calibrated with the Pan-STARRS survey.
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Joint constraints on galaxy bias and σ8 through the N-pdf of the galaxy number density
V. Martínez
We present a full description of the N-probability density function of the galaxy number density
fluctuations. The method relies on the assumption commonly adopted that the dark matter density
fluctuations follow a local non-linear transformation of the initial energy density perturbations. The
N-pdf of the galaxy number density fluctuations allows for an optimal estimation of the bias
parameter (e.g., via maximum-likelihood estimation, or Bayesian inference if there exists any a
priori information on the bias parameter), and of those parameters defining the dark matter
correlations, in particular, its amplitude (σ8). The parameters estimation capabilities of the N-pdf
are proved by SDSS-like simulations (both, ideal log-normal simulations and mocks obtained from
Las Damas simulations), showing that our estimator is unbiased.
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EB separation with spin directional wavelets for CMB polarisation and cosmic shear
J. McEwen
The polarisation of the cosmic microwave background (CMB) and the cosmic shear signal of weak
gravitational lensing give rise to spin-2 fields on the celestial sphere. Experiments measuring
these signals observe Q and U Stokes parameter maps, which are dependent on the choice of
local coordinate frame. Typically, the spin-2 map Q +/- iU is decomposed into parity even and
parity odd components, E- and B-mode components, respectively, for cosmological analysis since
different physical processes source E- and B-mode contributions differently. Due to foreground
contamination, observations of these cosmological signals cannot be made over the entire sky and
the resulting masking leaks contamination into the data. We present a novel technique to
reconstruct E- and B-mode maps from observations made over the partial sky, exploiting our new
spin scale-discretized wavelet transform on the sphere. We derive pure-mode wavelet EB
estimators that remove so-called ambitious modes that arise from a masking of the data. Our
technique achieves excellent separation of E- and B-mode components thanks to the dual scalespatial localisation of the wavelet decomposition, coupled with a wavelet pure mode estimator to
remove ambiguous modes.
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Accounting for Eddington bias in observed mass functions using hierarchical Bayesian
likelihoods.
S. Murray
The halo mass function (HMF) is an important member of a class of cosmological functions which
can be represented as statistical distributions. In standard practice, the HMF distribution is
determined by a series of operations that do not have closed form, following the Extended PressSchechter (EPS) formalism. While providing an excellent physical motivation and 5-10% accuracy,
this approach can suffer from inefficiency in the context of observed halo masses, which pose
extra challenges as compared to the traditional fitting of simulated catalogues.
One such challenge is the appearance of Eddington bias – the propensity of variates to be
scattered into lower-density regions with the inclusion of symmetric uncertainties – due to the
steep power-law nature of the distribution. Typical observational uncertainties in the context of the
HMF constitute roughly a quarter of the total logarithmic mass range of a sample, rendering
Eddington bias highly influential in the observed distribution.
We find that employing a hierarchical Bayesian likelihood, in which the true masses form
hierarchical parameters, serves to reduce the bias of resultant estimations significantly. In order to
implement this process, which contains upwards of 104 parameters, we propose a simple closedform distribution (a truncated generalised gamma distribution) for the HMF, and use Hamiltonian
Monte Carlo via the probabilistic language Stan.
Initial results indicate that even with relatively small samples with a high degree of measurement
uncertainty, Eddington bias can be largely overcome to obtain reliable parameter estimates, and
robust posterior distributions. We envisage that these results will be applicable to future
measurements of the HMF via galaxy group catalogues (such as the GAMA catalogue) and also to
other number density studies, such as the luminosity function, galaxy stellar mass function, and
radio source counts.
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Testing cosmological models with cosmic voids
S. Nadathur
Large, empty cosmic voids are an interesting aspect of the galaxy distribution, whose properties
can be used to test a wide range of alternative cosmological scenarios. I will present results from
the largest existing catalogue of voids, drawn from BOSS LOWZ and CMASS data. I will show that
the size distribution of these voids places very tight constraints on deviations from Λ-CDM. This
could be used to rule out some modified gravity scenarios, and constrain the dark energy equation
of state. However, I will show that the present theoretical uncertainties for these scenarios exceed
the precision available from BOSS data. I will also show how a subset of voids – but not all of them
– trace maxima of the gravitational potential Φ. I will discuss some cosmological applications of
this, in particular investigating the long-standing anomaly of the ISW effect of voids.
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Sliced correlations: revealing density-dependent clustering, and the correlation function's
statistical issues
M. Neyrinck
The 2-point correlation function and power spectrum optimally quantify a Gaussian field, but lose
information for a non-Gaussian field. We present the "sliced" correlation function, measuring
correlations conditional on the density. It is sensitive to different behaviors in different density
regimes, and also illustrates why the usual correlation function loses some information, a problem
that 1-point Gaussianization fixes.
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BAO reconstruction from 21cm intensity mapping
M. Obuljen
The Baryon Acoustic Oscillations (BAO) peak is a feature in the two point correlation function of
galaxies. Its position is used as a standard ruler in low redshift Universe to constrain cosmology.
The BAO peak is also expected to be observed in future 21cm intensity mapping surveys. BAO
reconstruction has become a standard technique to improve the distance measurements of the
BAO scale by sharpening the peak from the observed galaxy distribution.
In the case of 21cm intensity mapping, we will not be able to see the actual galaxies. Instead, we
will observe 2D smoothed maps of neutral hydrogen emission coming from galaxies as a function
of redshift. In this talk I will present a method on how to perform the reconstruction in case of
smoothed maps, that we have tested using numerical simulations. Our formalism is general and
can be applied to other low angular-resolution observations.
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On Minkowski functionals of random fields
A. Olenko
Minkowski functionals are widely used to characterise geometric properties of random fields, in
particular in the analysis of cosmic microwave background radiation. They were studied
extensively in a number of contexts and explicit formulae for their statistical characteristics were
obtained for stochastic processes.
Unfortunately, one cannot expect that the same will occur for the multidimensional situation which
is of great importance to cosmology. For random fields explicit formulae for the excursion
distributions are rarely known. Most published papers concern only first two moments of Minkowski
functionals. However, it turned out that there are some interesting asymptotic results in this area.
Such results are usually the main tools for statistical applications.
In this talk we investigate the first Minkowski functional of random fields. Both weakly and strongly
dependent scenarios will be discussed.
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Morphology independent multi-wavelength
F. Ostrovski
Gravitationally lensed quasars are a powerful tool for cosmological and astrophysical studies
ranging from the determination of H0 via time-delays to the physical properties of accretion disks in
supermassive black holes. We will present a new method and initial results for a new survey for
gravitationally lensed quasars in the Southern Hemisphere accessible to LSST using Petascale
multi-band optical to mid-IR photometric imaging data from the Dark Energy Survey, VISTA, VST
and WISE. We to expect to discover 50-100 new systems, with the brightest quasar image
showing i<19-20, selected from multi-parameter imaging catalogues with 109 objects over an area
of 10,000 deg2. Since we do not have an extensive spectroscopic survey of the Southern
Hemisphere sky, we have developed a novel morphology independent photometric selection
technique. We do not apply a requirement for stellar-like morphology, common in traditional quasar
searches, to account for lenses where the lensed components are not segmented in the catalogue
due to small separations. Instead, we use supervised machine learning and Gaussian Mixture
Models to select all objects with quasar-like colours and look for those that either appear as close
pairs or exhibit shape parameters that differ from single PSFs. As a training set, we use objects
with spectroscopic classification in SDSS Stripe-82. The method is capable of selecting over 90%
of all quasars, with a relatively low contamination rate of ~25% and has so far spectroscopically
confirmed one new lensed quasar and a number of quasar pairs.
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Selection of strong gravitational lenses with convolutional neural networks
A. E. Petrillo
We are testing convolutional neural networks for finding gravitational lensing system candidates in
the Kilo Degree Survey (KiDS).
Strong gravitational lensing is a unique tool in observational cosmology. It can be exploited to
discern between CDM models of structure formation and to measure fundamental cosmological
parameters. However, accurate results strongly rely on the number of the observed lens systems
and KiDS and future surveys like EUCLID and LSST will provide hundreds of millions of potential
targets. Subsequently, automatic methods are needed for finding lens candidates due to their
scarcity relative to the huge amount of data that will be produced. Convolutional neural networks
are the state of the art in pattern recognition techniques and have been used successfully for many
complex visual classification tasks.
I will present the first results of the method applied to KiDS simulated data, the first results from
KiDS real data and its applicability for the future surveys.
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Dark Energy and Modified Gravity after Planck
V. Pettorino
The latest cosmic microwave background data obtained by ESA Planck satellite allow us to test
the evolution and content of the Universe in great detail. I will review the analysis done by the
Planck collaboration and consider two broad classes, which either affect the background evolution
or more substantially modify the evolution of cosmological perturbations. I will also discuss the
combination of Planck data with external datasets and implications on cosmological parameter
estimation.

- 56 -

Astronomical Data Analysis 8 & Statistical Challenges in 21st Century Cosmology - Crete 2016

Precision Cosmology with Cosmic Voids
A. Pisani
Modern surveys allow us to access to high quality measurements, by sampling the galaxy
distribution in detail also in the emptier regions, voids. Cosmic voids present themselves as a new
tool to constrain cosmology.
In this talk, I first briefly introduce the use of voids for cosmology. I also discuss the systematic
effects affecting void analysis in the framework of current and future surveys. Then, I present the
most recent cosmological constraints obtained from voids and in particular I examine the use of the
Alcock-Paczynski effect to extract such constraints.
Finally, I present a forecast for void abundances with the future Euclid and WFIRST missions and
obtain, using the Fisher matrix formalism, a prediction for the constraints that void abundances
from those surveys will set on cosmological parameters.
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Observation of Gravitational Waves from a Binary Black Hole Merger: what next?
T. Regimbeau, S. Nissanke,
On September 14 2015, the two LIGO Observatories in Washington and Louisiana, USA,
registered a nearly simultaneous signal with time-frequency properties consistent with
gravitational-wave emission by the merger of two massive, compact objects. Further analysis of
the signals revealed that the gravitational waves detected came from the merger of a binary black
hole system approximately at a distance of 410 Mpc (z=0.09) with constituent masses of 36 and
29 M_sun. The remnant black hole resulting from the merger has a mass of 62 M_sun, with an
estimated 3.0 M_sun total energy radiated in gravitational waves, much of that in the final 200 ms
of the merger. This detection represents the first direct measurement of a gravitational wave's
amplitude and phase, the first observation of binary black hole system, and the most robust
observational evidence for black holes with masses in excess of 25 M_sun. In this talk, I will
describe this first detection of a binary black hole through its gravitational-wave emission, details of
its statistical analysis and its implications for astronomy.
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Galaxy shape measurement for radio weak lensing
M. Rivi
Weak lensing surveys have been done so far only at optical wavelengths, due to the larger number
densities of faint galaxies achieved. However, the high sensitivity of the new generation of radio
telescopes, such as SKA, will provide a density of detected galaxies comparable to that found at
optical wavelengths, allowing weak lensing measurements in the radio band. Most of the
techniques available for the measurement of cosmic shear are based on the best fitting of galaxy
images, as they have been developed for optical surveys. They assume stringent and specific
requirements on image fidelity because source shapes must be measured accurately in order for
errors to be dominated by statistics, rather than systematics. Radio instruments measure
visibilities, i.e. the Fourier transform of the sky image at a finite number of points. The image
reconstruction from these data, using iterative de-convolution methods such as CLEAN, is a highly
non-linear process and the noise in radio images is highly correlated. Simulations have shown that,
even on high signal-to-noise objects, this process produce images with structures in the residuals
that dominate the cosmological signal, meaning that this bias is induced by the procedure adopted
for turning the visibility data into images. A more natural approach for radio weak lensing should
measure the galaxy shapes directly in the visibility domain, where the noise originates and there is
a perfect modeling of the sampling function. This way statistical and computational challenges are
great because of the large data volume and large number of parameters to fit. In fact, sources are
no longer localized in the Fourier domain, requiring a joint fitting of all the galaxies in the field view,
and the number of visibilities for a telescope like SKA is very large. I will present an overview of
methods currently tested or under development, showing the bias reduction obtained bypassing
the imaging step. In particular I will discuss the potentiality of Bayesian methods.
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Parameter inference with estimated covariance matrices
E. Sellentin
We describe a new method of inferring parameters when the likelihood needs to employ a
covariance matrix that is merely estimated instead of calculated precisely. If the covariance matrix
is not known a priori but estimated instead it thereby becomes a random object with some intrinsic
uncertainty itself. We include this uncertainty by marginalizing over the true covariance matrix,
conditioned on its estimated value. This leads to a likelihood function that is no longer Gaussian,
but rather an adapted version of a multivariate t-distribution, which has the same numerical
complexity as the multivariate Gaussian. As expected, marginalization over the true covariance
matrix improves inference when compared with Hartlap et al.'s method, which uses an unbiased
estimate of the inverse covariance matrix but still assumes that the likelihood is Gaussian. The
numerical complexity of our method is the same as for evaluating a Gaussian likelihood, and test
runs on weak lensing data have been performed, of which the talk may present some.
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BAHAMAS: new SNIa analysis reveals
H. Shariff
I will present BAHAMAS, a Bayesian hierarchical model for the analysis of supernovae type 1a
(SNIa) to derive cosmological parameters as well as standardisation parameters, including host
galaxy mass corrections and residual scatter.
I will present findings from the 740 spectroscopically confirmed SNIa from the ``Joint Light curve
analysis'' (JLA), Union 2.1 data and Planck Cosmic Microwave Background data. I will report on
surprising and as of yet unexplained systematic shifts in the recovered cosmological parameters:
the matter content of the Universe and the curvature parameter show 2-σ discrepancies with
respect to standard cosmology, which however appear to be dataset-dependent.
I will discuss the possibility of undetected systematic errors in the colour correction parameters. I
will present some preliminary findings about BAHAMAS constraints on the anisotropy of cosmic
expansion, and on the usefulness of exploiting the location of the SNIa in its host galaxy, as well
as NIR data, to improve the colour correction and SNIa standardization.
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Non-parametric Determination of Luminosity Evolutions, Correlations, and Distributions in
AGN from Flux-Limited Survey Data
J. Singal
In recent years we have been implementing novel techniques to recover the intrinsic distributions
in luminosity, flux, redshift density, and other variables of populations from flux-limited and
otherwise truncated multiwavelength survey data. These techniques, which build on those first
formulated by Efron and Petrosian, involve the Spearman rank test and the Lynden-Bell
distribution method modified with the use of associated sets which utilize unbiased subsets for
comparison. We have applied these techniques to quasar and blazar populations in optical, radio,
gamma-ray, and other wavelength regimes, utilizing data from SDSS, Fermi, FIRST, and other
large-scale surveys in a number of publications. We have also investigated the issue of
determining the intrinsic correlations between luminosities in different wavebands when they
mutually depend on redshift and are subject to severe selection effects. This presentation will
discuss the techniques and highlight examples of results obtained and their scientific significance.
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Classification and clustering analysis of infrared-selected galaxies in AKARI NEP Deep
Field
A. Solarz
We present a method of selection of 24μm galaxies from the AKARI North Ecliptic Pole (NEP)
Deep Field and measurements of their two-point correlation function. We aim to associate different
24μm selected galaxy populations with present day galaxies, and to investigate the impact of their
environment on the direction of their subsequent evolution. We discuss the use of Support Vector
Machines (SVM) algorithms applied to infrared photometric data to perform star-galaxy separation,
in which we achieve an accuracy >80%. We explore the redshift dependence of the correlation
function parameters as well as the linear bias evolution (which relates galaxy distribution to the one
of the underlying dark matter). We find that the bias parameter increases slowly with redshift, from
b=0.9 at z<0.5 to b~1.9 at z~1.1. Total infrared luminosities (LTIR) found for different samples,
suggest that galaxies with higher LTIR do not necessarily reside in higher mass dark matter halos.
We find that luminous infrared galaxies (LIRGs) at z~1 can be ancestors of present day L* early
type galaxies.
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Mapping and Exploiting the Color-Redshift Relation Probed by Large-Scale Photometric
Surveys
J. Speagle
Upcoming large-scale surveys such as the Hyper Suprime Cam (HSC) survey, Euclid, WFIRST,
and LSST will require exquisitely calibrated photometric redshift (photo-z) measurements to billions
of galaxies in order to constrain systematics in cosmological analyses to their desired sub-percent
levels. Meeting these audacious goals will require improvements upon both (1) existing photo-z
methods and (2) novel strategies for pursuing the deep spectroscopic surveys necessary to
calibrate them. We outline new work that combines the statistical rigor of model-fitting approaches
with the speed and flexibility of machine-learning approaches in order to tackle (1), and
demonstrate the power of this ''hybrid'' approach using mock Euclid data as well as new data from
the HSC survey on the Subaru 8.2m telescope. In addition, we showcase the ability of
unsupervised machine learning methods to inform (2), and use them to outline the spectroscopic
surveys necessary to meet the HSC weak lensing calibration requirements for galaxy-galaxy
lensing studies.
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WFIRST and the next generation of Surveys
D. Spergel
In the mid-2020s, NASA will launch the Wide Field Infrared Survey Telescope, a 2.4 meter
telescope with a 0.28 square degree camera that will survey the sky in the near infrared. Its high
latitude survey will sue supernova measurements, lensing observations, and large-scale structure
measurementsto probe the growth rate of structure and the geometry of the universe. These tests
of the nature of dark energy will complement Euclid, LSST and DESI observations. WFIRST will
also carry out repeated observations of the galactic bulge as part of its search for exoplanets and
will conduct an extensive Guest Observing program. I will overview the WFIRST scientific program
and discuss the challenges that the upcoming data will present for data analyses.
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Bayesian Hierarchical Models in Cosmology
R. Trotta
Bayesian hierarchical modeling is becoming a popular and effective technique to account for
various levels of uncertainty (and their source) in cosmological data analysis. Such structured
models introduce a layer of unobserved, latent variables that mediate between observed values
(subject to measurement uncertainty) and a higher level of population parameters, controlling the
distribution of the latent layer's variables. This enables the splitting of uncertainty into
measurement noise and intrinsic variability, while allowing the fully principled incorporation of
subtle effects like e.g. selection bias.
I will review the principles underpinning Bayesian hierarchical models, and discuss the
computational challenges generated by the high-dimensional parameter space that these models
typically entail. I will discuss numerical methods to meet such challenges, and give some examples
of application to cosmological problems.
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Digging Deeper in Imaging Surveys
A. Turing
Accurate statistical measurement with large imaging surveys has traditionally required throwing
away a sizable fraction of the data. This is because most measurements have have relied on
selecting nearly complete samples, where variations in the composition of the galaxy population
with seeing, depth, or other survey characteristics are small.
We introduce a new measurement method that aims to minimize this wastage, allowing precision
measurement for any class of stars or galaxies detectable in an imaging survey. We have
implemented our proposal in Balrog, a software package which embeds fake objects in real
imaging in order to accurately characterize measurement biases. We present Balrog and some of
its applications, as well as note how the methodology could be useful for extending the statistical
reach of measurements in a wide variety of coming imaging surveys.
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Sampling, inference and clustering for data on graphs
P. Vandergheynst
We study the problem of sampling k-bandlimited signals on graphs, as models for information over
networks. We propose two sampling strategies that consist in selecting a small subset of nodes at
random. The first strategy is non-adaptive, i.e., independent of the graph structure, and its
performance depends on a parameter called the graph coherence. On the contrary, the second
strategy is adaptive but yields optimal results. Indeed, no more than O(k log(k)) measurements are
sufficient to ensure an accurate and stable recovery of all k-bandlimited signals. This second
strategy is based on a careful choice of the sampling distribution, which can be estimated quickly.
Then, we propose a computationally efficient inference algorithm to reconstruct k-bandlimited
signals from their samples. We prove that it yields accurate reconstructions and that it is also
stable to noise. Finally, we use these ideas to revisit spectral clustering and show that we can
recover a k-partition from a k (logk)^2-dimensional sketch of the data, opening a new door to using
these methods at scale.
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Sparse image reconstruction on the sphere: Analysis “vs” Synthesis
C. Wallis
We develop techniques to solve a number of ill-posed inverse problems on the sphere by sparse
regularisation, exploiting sparsity in directional wavelet space. Through numerical experiments we
evaluate the effectiveness of the technique in solving inpainting, denoising and deconvolution
problems. We consider solving the problems in both the analysis and synthesis settings, with a
number of different sampling schemes, and show that the sampling scheme has a large impact on
the quality of the reconstruction. This is due to more efficient sampling schemes constraining the
solution space and improving sparsity in wavelet space. We adapt and apply the technique to the
Planck 353GHz total intensity map, improving the ability to extract the structure of galactic dust
emission.
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Moving beyond the power spectrum of 21-cm
C. Watkinson
Mapping the 21-cm line with the next generation of radio interferometers promises to dramatically
advance our knowledge of the process of reionization, and the nature of the first stars and
galaxies. However, even if we can overcome the observational challenges, 21-cm maps will not be
straightforward to interpret. For example, the signal will be very non-Gaussian during reionization
and an earlier phase during which the effects of Lyman-α coupling and X-ray heating dominate the
signal. There are also strong degeneracies in the various parameters that can be used to model
these physical processes. It is therefore essential that we look beyond the power spectrum, and
exploit multiple statistical measures.
I will focus on the benefits of using one-point statistics, in particular the skewness, to constrain the
physical processes that influence the nature of the 21-cm signal. I will also discuss the bispectrum
of 21-cm maps.
My talk will highlight the complexities involved in constraining physical processes using 21-cm
observations and the potential in applying statistics beyond the power spectrum to the problem.
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Scalable algorithms for next-generation radio-interferometric imaging
Y. Wiaux
The Square Kilometre Array is expected to improve the dynamic range and resolution of the radio
interferometric (RI) images by two orders of magnitude. It will acquire a huge amount of data,
unprecedented for radio astronomy. Looking towards the future RI, the development of fast,
parallelisable or distributed, algorithms for handling such large-scale data sets is of prime
importance.
In this context, we present two convex optimisation algorithms, proposed for RI imaging by Onose
et. al. (2016). The algorithms solve an analysis based, compressive sensing optimisation problem
where the recovered solution is assumed sparse in the wavelet domain. This was previously
shown to outperform state-of-the-art methods. The first algorithm is an approximate version of the
classical alternating direction of multipliers (ADMM) with dual forward-backward sub-iterations. The
second is a primal-dual (PD) method with forward-backward iterations. It introduces further
flexibility by employing a probabilistic approach for the selection of the data used per iteration. Both
methods have a highly scalable parallelisable structure and allow for an efficient distributed
processing of the measurements. Their computational burden is much lower than that of the
previously proposed simultaneous direction method of multipliers (SDMM).
We study their feasibility through extensive simulations with realistic coverages. Both algorithms
require limited configuration and have robust performance for a normalised soft-threshold value of
10-3. The results suggest impressive parallelisation and distribution capabilities making the
methods well suited for the big-data challenges associated with the future radio telescopes. The
randomised PD shows even higher scalability lowering the memory and computational
requirements per iteration at the cost of needing more iterations to converge. We show through
simulations that this increase is inversely proportional to the probabilities of update.
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Testing Einstein's gravity with the gravitational slip statistic on cosmological scales
A. Amon
I present a new measurement of the Gravitational Slip E_G Statistic, combining weak lensing data
from the deep, optical Kilo-Degree Survey (KiDS) with galaxy velocity measurements from BOSS
and the recently completed 2dFLenS spectroscopic survey. The analysis includes the first 450
square degrees of high-quality multi-band KiDS data, in addition to the shallower i-band KiDS
imaging, spanning over 800 square degrees. The large, contiguous i-band area allows us to
extend the E_G measurement out to unprecedented scales of 100 Mpc.

Constraints on Induced Gravity: reproducing the cosmic acceleration with a scalar-tensor
model
M. Ballardini
Modified Gravity represents one of the most promising alternative to the General Relativity
framework: Induced Gravity is a scalar-tensor model in which a scalar field φ with a quartic
potential drives the cosmic acceleration, extending the case of Brans-Dicke gravity. The behaviour
of the scalar field can be controlled by a single parameter γ, which represents the coupling
between the scalar field and the Ricci curvature. Under a simple field redefinition, our model can
be recast in a Brans-Dicke-like model with a potential, where γ=1/(4ωBD).
We study the predictions for the CMB angular power spectra in this model by developing a
dedicated Einstein-Boltzmann code, which allows us to study self-consistently the dynamics of
homogeneous cosmology and of linear perturbations without using any parameterization.
We use CMB anisotropies data and a compilation of BAO data to constrain the coupling γ to the
Ricci curvature and the other cosmological parameters. We find γ < 0.0012 at 95% CL with Planck
2013 and BAO data and γ < 0.0009 at 95% CL with Planck 2015 and BAO data. This is the tightest
cosmological constraint on γ and on the corresponding derived post-Newtonian parameters.
Because of a degeneracy between γ and the Hubble constant H0, we show how larger values for γ
are allowed, but not preferred at a significant statistical level, when local measurements of H0are
combined in the analysis with Planck data.
We also extend the analysis and constraints to a simple monomial potential with positive exponent.
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Probing violations of slow-roll inflation with future galaxy surveys
M. Ballardini
The snapshot of the primordial power spectrum taken by Planck will be further refined by future
galaxy surveys, such as DESI, EUCLID and SPHEREx.
We study the capability of these future galaxy surveys to probe possible deviations from a tilted
power spectrum of primordial fluctuations in the galaxy power spectrum.

Joint Measurement of Lensing-Galaxy
E. Baxter
Gravitational lensing distorts the appearance of both distant galaxies and the cosmic microwave
background (CMB) radiation. Joint measurement of galaxy lensing and CMB lensing around a set
of massive galaxies is a potentially powerful cosmological probe.
Additionally, such a
measurement can be used to calibrate galaxy shears and photometric redshifts. The Dark Energy
Survey (DES) and the South Pole Telescope (SPT) provide ideal datasets with which to perform
such a measurement. In this talk I will present a joint measurement of galaxy and CMB lensing
using data from DES and SPT, show how this measurement can be used to constrain
cosmological parameters, shear calibration and photometric redshift biases, and will discuss
prospects for upcoming datasets.

Photo-z-SQL: Integrated On-demand Photo-z Services in a Database
R. Beck
We present a flexible template-based photometric redshift estimation framework, implemented in
C#. The code is able to perform both maximum likelihood and Bayesian estimation, and can
handle inputs of variable photometric filter sets and corresponding broad-band magnitudes. It is
possible to take into account the full covariance matrix between filters, and filter zero points can be
empirically calibrated using measurements with given redshifts. The list of spectral templates and
the prior can be specified flexibly, and the expensive synthetic magnitude computations are done
via lazy evaluation, coupled with a caching of results. The code can be seamlessly integrated into
a SQL database server and executed in parallel, which utilizes the computational capabilities of DB
hardware, and eliminates the need to move large photometric datasets outside a database for
redshift estimation. For large upcoming photometric surveys such as the LSST, the ability to
perform in-place photo-z calculation would be a significant advantage. Also, the efficient handling
of variable filter sets is a necessity for heterogeneous databases, for example the Hubble Source
Catalog, and for cross-match services such as SkyQuery. We illustrate the performance of our
code on two reference photo-z datasets, PHAT and CANDELS.
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Automated classification of emission line galaxies using machine learning methods
R. Beck
Collections of astrophysical observations generally contain different types of objects, and
separating these types is frequently not trivial. It would be advantageous to develop an approach
that can objectively perform such classification with little to no human supervision. We demonstrate
how a selection of machine learning methods can be used to automatically classify a sample of
emission line galaxies from the SDSS spectroscopic catalog. We separate the lines and stellar
continua of the spectra, and, utilizing both components, perform dimensionality reduction in two
steps: first using principal component analysis, then with a self-organizing map, an unsupervised
machine learning algorithm. The clusters determined from the map are then used as inputs to a
support vector machine, a supervised machine learning algorithm, which can perform the
automated classification of emission line galaxies. We contrast our results with the standard
classification of star-forming, composite, Seyfert and LINER galaxy classes, as determined by
Kewley et al. (2006). Our methods could be useful for classifying high-dimensional astrophysical
datasets with complex relationships between classes.

Accurate Modeling of Galaxy Clustering on Small Scales through Data Simulation
A. Berlind
There is an enormous wealth of information encoded in the clustering of galaxies on small scales,
as measured from present and future surveys. This information has the potential to constrain both
cosmological and galaxy formation models. However, modeling this data with the accuracy
demanded by current measurements requires a fully numerical simulation based methodology that
is computationally expensive. I will present our current work on modeling SDSS data with
unprecedented accuracy and I will outline the path forward to modeling data from future surveys.

Minimally Parametric Power Spectra from BOSS Lyman-alpha data
S. Bird
I will discuss ongoing constraints of the primordial power spectrum shape using the Lyman-alpha
forest flux power spectrum measurement from BOSS. A minimally parametric shape is used to
allow for maximal freedom in the inflationary model. To avoid over-fitting the data, a shape penalty
is imposed using cross-validation.
I will discuss improvements we have made to our earlier framework for the power spectrum shape
to make best use of the increased statistical power of the BOSS Lyman-alpha data, including a
new suite of hydrodynamic simulations.
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Polarization predictions for cosmological models with broken statistical isotropy
E. Bunn
Several "anomalies" have been noted on large angular scales in maps of the cosmic microwave
background (CMB) radiation, although the statistical significance of these anomalies is hotly
debated. Of particular interest is the evidence for large-scale power modulation: the variance in
one half of the sky is larger than the other half. Either this variation is a mere fluke, or it requires a
major revision of the standard cosmological paradigm. The way to determine which is the case is
to make predictions for future data sets, based on the hypothesis that the anomaly is meaningful
and on the hypothesis that it is a fluke. We make predictions for the CMB polarization anisotropy
based on a cosmological model in which statistical isotropy is broken via coupling with a dipolar
modulation field. Our predictions are constrained to match the observed Planck temperature
variations. We identify the modes in CMB polarization data that most strongly distinguish between
the modulation and no-modulation hypotheses.

Morphological classification of galaxies using deep learning
F. Caro
To understand how galaxies form and evolve, the measurement of the parameters related to their
morphologies is one of the most relevant requirements. Due to the huge amount of data that is
being generated by surveys, the morphological analysis of galaxies can not longer rely on visual
inspection. For dealing with such issue, new approaches based on the utilization of machine
learning techniques have been proposed in the last years with the aim of automate the
classification process. Some examples are given by the utilization of Support Vector Machines
(Huertas-Company et al. 2011) and Deep Learning (Huertas-Company et al. 2015), being this last
option the one that seems to offer the most promising results. An interesting feature of Deep
Learning is that, instead of using only some group of parameters selected a priori, all the pixels
contained in an image are employed as information to classify galaxies, what is done in a very
efficient manner by using Graphics Processing Units (GPU).
We tested Deep Learning using galaxies obtained from current deep surveys, such as CANDELS,
COSMOS and Frontier Fields, in order to study the accuracy achieved by this classification tool
and also to analyze its applicability for processing the data of upcoming surveys, such as EUCLID
and WFIRST. Since one big issue for future applications of Deep Learning is the construction of
standard training sets, we investigated the utilization of large-scale numerical simulations (Illustris,
Horizon-AGN) as an option for dealing with this problem. We introduce the results obtained from
the calibration of the Deep Learning classifier, procedure that was carried out by training the
algorithm with simulations before using it to classify observations. This was also done in reverse
way, training the algorithm with observations for then classifying simulations, in order to
understand how different sorts of images affect the training stage and the level of accuracy
achieved by the classifier.
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Exploiting the 21cm power spectrum: forecasts for SKA on the warm dark matter and crosscorrelation with the Lyman-alpha forest flux.
I. Carucci
The LCDM model experiences small scale problems that could be solved by allowing dark matter
to have intrinsic thermal velocities, i.e. warm dark matter (WDM). We discuss the impact of WDM
on the 21cm power spectrum, which will be probed by the future Square Kilometre array (SKA).
We present a series of high resolution hydrodynamical N-body simulations with different dark
matter models (CDM or WDM), we study the spatial distribution of the neutral hydrogen (HI) at
redshifts z from 3 to 5 in the post-reionization era. We then investigate the features induced by
WDM on the 21cm power spectrum and forecast the bounds that the future SKA1-LOW instrument
will place on its mass. We also address an ongoing project on the cross-correlation of the 21cm
signal with the Lyman-alpha forest flux by means of numerical simulations and discuss what this
will add on our knowledge of the large scale structure of the universe.

Cosmological polarised radiative transfer and diagnostics of large-scale magnetic field
structures
J. Chan
Polarisation is a useful tool to study cosmic magnetism and Faraday rotation measure (RM) has
commonly been used as a diagnostic of magnetic fields on galactic scales and beyond. While the
RM method is based on the polarised radiative transfer theory, because of its restrictive form it is
unable to capture certain important essences of the magnetic fields that it aims to investigate. We
have constructed a covariant formulation of polarised radiative transfer and derived the
corresponding radiative transfer equation. The formulation is general. It takes full account for the
Faraday effects such as conversion and rotation between the polarisation components. It also
treats the emission and absorption processes along the light propagation path explicitly. The
formulation is appropriate for the investigation of large-scale magnetic fields as cosmological
effects are included naturally in the formulation. In this talk, we present the formulation and the
derivation of the cosmological polarised radiative transfer equations. We also show a practical
solution scheme to the transfer equations based on ray-tracing method, and a set of demonstrative
calculations using a model magnetised universe obtained from the GCMHD+ simulation as the
input structure. A set of mock all-sky polarisation maps is generated. The formulation that we
derived provides a solid theoretical foundation to calculate the polarised sky for simulated
cosmological structures, thus giving more reliable model templates for interpreting observational
all-sky polarised data, such as those to be collected by the SKA.

Second-generation curvelets on the sphere for efficient representation of elongated
structure
J. Chan
Signals that are naturally defined on the sphere are common in nature, e.g. signals observed on
planetary surfaces and the celestial sky. The most effective analysis techniques are those that
respect this underlying geometry. Furthermore, simultaneous extraction of both spectral and
spatial information is often desirable, making wavelets a powerful data analysis tool. In this poster,
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we present our recent work on second-generation curvelets on the sphere. Curvelets are a special
type of wavelet and efficiently represent highly anisotropic signal content, such as local linear and
curvilinear structure. For example, to detect filamentary structures of turbulent magnetic fields or
edges within a slice of 21-cm tomographic maps, crucial to study cosmic magnetism and
characterise the Epoch of Reionisation respectively. Second-generation curvelets have many
desirable properties that are lacking in the first-generation constructions: they live directly on the
sphere, exhibit a parabolic scaling relation, are well localised in both spatial and harmonic
domains, support the exact analysis and synthesis of both scalar and spin signals, and are free of
blocking artefacts. Our fast and exact curvelet transform algorithm achieves a reduction of
computational complexity from O(L5) to O(L3(log2L)) for signals band-limited at L. We apply our
curvelet transform to an example natural spherical image and demonstrate the effectiveness of
curvelets for representing directional curve-like features.

Beyond Gaussian: An overview of Bayesian Generalized Linear Models for Astronomers
R. de Souza
The standard linear regression has long been a mainstay of astronomical data analysis.
Nonetheless, such models fall short when the data comes from exponential family distributions
other than the Normal/Gaussian. Yet, data analysis challenges of this sort arise routinely in the
course of astronomical research: for example, in efforts to characterize exoplanet multiplicity as a
function of host multiplicity (Poisson distributed), or to explore the dependence of the galaxy bar
fraction on total stellar mass (Bernoulli distributed).
For data sets for which classical models are ill-suited, there is a powerful solution known as
Generalized Linear Models (GLMs). The normal or linear model is also a GLM, however, the true
power of GLMs appears in further extensions of it.
The results are models for binary, binomial, multinomial, count, gamma, inverse Gaussian,
mixtures of these, and panel models for the above to account for clustering, nesting, time series,
survival, and longitudinal effects in datasets. Bayesian models can be derived from these
distributions, and mixtures of distributions, in order to obtain a posterior distribution that most
appropriately represents the data being modelled. Despite the ubiquitous implementation of GLMs
in general statistical applications, there has been only a handful of astronomical studies applying
simple cases of GLM techniques up to date.
During this talk, I will present an overview of GLMs and explain how to choose the most
appropriate statistical distribution for a given astronomical problem. Among the astronomical
applications to be discussed are models for the bar-length of galaxies (Gamma distributed),
globular cluster population (negative binomial distributed), and probability of star formation activity
(Bernoulli distributed), to cite a few.

A Test of Spherical Evolution of Cosmic Voids in Λ-CDM
V. Demchenko
We generalize the spherical evolution model for voids to Λ-CDM cosmologies. The presence of
dark energy accelerates the growth of voids and suppresses the growth of peculiar velocities, such
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that voids grow larger and for a longer time before shell-crossing occurs. We compare the void
profiles predicted from the spherical model with those measured from numerical simulations,
finding that the model is very successful in tracking the evolution of voids with radii greater than
30Mpc/h. We find that the initial peculiar velocities of voids play a significant role in shaping their
future evolution and cannot be ignored.

The Planck Legacy Archive for cosmology
X. Dupac
The Planck Collaboration released in 2015 their second major dataset through the Planck Legacy
Archive (PLA). It includes cosmological, Extragalactic and Galactic science data in temperature
(intensity) and polarization. Full-sky maps are provided with unprecedented angular resolution and
sensitivity, together with a large number of ancillary maps, catalogues (generic, SZ clusters and
Galactic cold clumps), time-ordered data and other information. The extensive cosmological
likelihood package allows cosmologists to fully explore the plausible parameters of the Universe.
A fully web-based PLA user interface is made public since Dec. 2014, allowing easier and faster
access to all Planck data, and replacing the previous Java-based software. Numerous additional
improvements to the PLA are also being developed through the so-called PLA Added-Value
Interface, making use of an external contract with the Planetek Hellas and Expert Analytics
software companies. This will allow users to process time-ordered data into sky maps, separate
astrophysical components in existing maps, simulate the microwave and infrared sky through the
Planck Sky Model, and use a number of other functionalities.
The Planck Legacy Archive inter-operates seamlessly through the Simple Application Messaging
Protocol (SAMP) with the interactive software Aladin, Aladin Lite and TOPCAT, which provide a
number of additional functionalities for, respectively, image visualizing and tabular data
manipulation.

Bayesian parametric and non-parametric characterisation of relations between galaxy
cluster properties
L. Ebrahimpour, Pedro Viana
The properties of galaxy clusters, the largest gravitationally bound systems in the Universe, can be
used to characterise the growth of structure in the Universe, and thus constrain the cosmological
parameters that most influence it. However, this requires a precise knowledge of their mass.
Although the mass of a cluster can be directly determined, this is not feasible for the thousands of
objects in the most recent cluster catalogues. Hence, indirect methods for cluster mass estimation
have to be used, based on the correlations that exist between cluster properties. These also hold
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significant information about the thermodynamical history of the intra-cluster medium, and the
physical mechanisms that have taken place.
We applied a parametric integrated Bayesian algorithm to investigate the correlation between
cluster X ray luminosity and temperature, including its evolution with time, using the most recent
catalogue of galaxy clusters from the XMM Cluster Survey XCS. We assumed the relation between
those cluster properties is described by a scaling (power-law) relation and constrained the
associated parameters. We explored the effect of taking into account the known XCS selection
function, and different prior distributions.
We also developed a non-parametric Bayesian framework, based on Gaussian Processes, to reconstruct the relation between cluster redshift, X ray luminosity and temperature. We compare the
results obtained by the two methods, with respect to the shape, normalisation and scatter of the
inferred relations, as well as with respect to their precision in terms of prediction accuracy.

PSF Deconvolution For Future Weak Lensing Surveys
S. Farrens
Future cosmology surveys, such as Euclid, will endeavor to further our understanding of the
Universe by providing high precision constraints on cosmological parameters using probes such as
weak lensing, baryon acoustic oscillations and redshift-space distortions. The Euclid satellite
in particular is being purposely designed to acquire extremely high quality images of galaxies out
to a redshift of 2.0. In order for the weak lensing component of a mission of this nature to be a
success it is crucial that accurate shapes can be obtained for each of these galaxies. This in turn
requires a very precise understanding of the point spread function (PSF) and the ability to
deconvolve the distortions caused by the PSF from the galaxy images.
This presentation will introduce some sparse optimisation techniques currently being developed in
the CosmoStat lab to obtain accurate reconstructions from noisy galaxy images with known or only
partially known PSFs. Some results will be presented for reconstructions of Hubble Deep Field
galaxy images that have been convolved with a Euclid-like PSF with different levels of Gaussian
noise. Finally, the prospects and potential benefits of applying these techniques to real Euclid will
be discussed.
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Results from the first 450 sq. degrees of the Kilo Degree Survey
B. Giblin
We present results from analysis of the first 450 sq. degrees of deep multi-band imaging from the
Kilo-Degree Survey, (KiDS). These include dark matter mass maps and measurements of the
``clipped'' two-point shear correlation function. ``Clipping'' suppresses the highest projected mass
density regions in the convergence field. When calibrated using N-body simulations, and used in
combination with standard weak lensing statistics, this ``clipping'' methodology can significantly
improve cosmological parameter constraints.

Hierarchical Bayesian approach for estimating physical properties in spiral galaxies
M. Gil
One of the fundamental goals of modern Astronomy is to estimate the physical parameters of
galaxies from images in different spectral bands. We present a hierarchical Bayesian model for
obtaining age maps from images in the Hα line (taken with Taurus Tunable Filter (TTF)), ultraviolet
band (far UV or FUV, from GALEX) and infrared bands (24, 70 and 160 microns, from Spitzer). As
shown in Sánchez Gil et al. (2011) (2011MNRAS.415..753S, DOI: 10.1111/j.13652966.2011.18759.x), we present the burst ages for young stellar populations in a sample of six
nearby and nearly face on galaxies.
As it is shown in the previous work, the Halpha to FUV flux ratio gives a good relative indicator of
very recent star formation history (SFH). As a nascent star-forming region evolves, the Hα line
emission declines earlier than the UV continuum, leading to a decrease in the Hα/FUV ratio.
Through a specific star-forming galaxy model (Starburst 99, SB99), we can obtain the
corresponding theoretical ratio Hα / FUV to compare with our observed flux ratios, and thus to
estimate the ages of the observed regions.
Due to the nature of the problem, it is necessary to propose a model of high complexity to take into
account the mean uncertainties, and the interrelationship between parameters when the Hα / FUV
flux ratio mentioned above is obtained.
To address the complexity of the model, we propose a Bayesian hierarchical model, where a joint
probability distribution is defined to determine the parameters (age, metallicity, IMF), from the
observed data, in this case the observed flux ratios Halpha / FUV. The joint distribution of the
parameters is described through an i.i.d. (independent and identically distributed random
variables), generated through MCMC (Markov Chain Monte Carlo) techniques.
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Using diffuse radio emission in clusters of galaxies to probe the cosmic web, cosmic rays
and dark matter
N. Gizani
The study of diffuse radio sources is essential to our knowledge of the physical conditions in
clusters of galaxies and of the role that large scale magnetic fields play in the propagation of the
relativistic particles in the intracluster medium (ICM).
Due to dissipative processes, the thermal plasma of the ICM contains useless information about
the formation of structures and CRs. Such past and current information is carried intact by its nonthermal emission caused by highly relativistic particles spiraling in large-scale magnetic fields. The
diffuse radio emission is not associated with the active galactic nucleus phenomenon and has no
optical counterpart. Instead it is associated with the ICM and it is characterized by steep spectrum.
The low surface radio brightness features are thought to be formed via reacceleration of a relic
population of relativistic electrons, or proton-proton collisions with the ICM. Diffuse radio sources
are classified typically as `relics' , `halos', 'mini-halos' and 'radio-ghosts'.
We use a sample of 67 nearby clusters of galaxies at redshift, 0.02 < z < 0.1, to tackle the relation
between the diffuse radio emission and the large scale structure (cosmic web), dark matter (DM)
and cosmic rays (CRs).
Our sample of clusters at low redshift containing areas of radio flux below the Jy level is well suited
for the study of DM. DM halos can substantially contribute to the counts of sources at low
brightness.
We report on the work in progress.

New method of investigation of the alignment of galaxies in clusters
W. Godłowski
The problem of large structure formation is one of the most important problems in modern
cosmology and extragalactic astronomy.. Various scenarios make different predictions concerning
orientation of galaxies in structures, distribution of spins of galaxies and alignment between the
brightest galaxy and the major axis of the structure. The ultimate test for a given scenario would be
to test it against observations. In the project, we will use the methods given by Godłowski & Flin
(2010), Godłowski et al. (2010) and Godłowski (2012), although they will be greatly improved, by
enriching calculation of the correlation functions in order to provide results comparable with
numerical simulations. Moreover the method was improved in such a waythat not only the
distribution of position angles for galaxy major axes was analyzed, but the distribution of the two
angles describing the spatial orientation of the galaxy plane. We also analyzed consequences of
different approximation of “true shape” of galaxies and pointed to possible influence of this problem
on the investigation of spatial orientation of galaxies.
The aim of the project is to verify the accuracy of predictions of galaxy formation scenarios. The
crucial goal is to discriminate among different models of galaxy formation. For that we use novel
theoretical approach (Stephanovich & Godłowski, 2015), in which the distribution function of
dynamic characteristics of galaxies ensembles is calculated via tidal (shape-distorting) quadrupolar
(and also higher multipolar) interaction between the galaxies. The implications of the results were
discussed with reference to theories of galaxy formation as well.
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A Divide and Conquer Approach Applied for Photometric Redshift Estimation
C. Han
Photometric redshift estimation is typically modeled by photometry of celestial bodies and their
spectroscopic redshifts with all training data or random sampling from all training data. A unified
estimation model cannot accurately model all relationships in different accuracy levels. In this
paper, we propose a divide and conquer approach to separate a training dataset into multiple
subsets according to their estimation accuracy level. The approach firstly applies a general
regression method to obtain initial estimation accuracy of photometric redshifts. Then the training
data are divided into multiple subsets according to their estimation accuracies. For each subset, a
focused estimation model is obtained. In the same way, the test data are categorized into multiple
subsets and the corresponding focused models are applied for estimation. Based on the SDSS
DR7 quasar data, the experimental results show that the divide and conquer approach can
significantly improve photometric redshift estimation accuracy of quasars.

zBayes : Bayesian approach for the spectroscopic redshift estimation
S. Jamal
In photometry, distinct approaches are proposed to estimate the redshift zphot : template fitting,
artificial neural network and Bayesian inference using knowledge of photometric priors {integrated
flux in filters, magnitude, colour…}. Template fitting algorithms rely on the hypothesis that the
reference spectra are true (and sufficient) representation of the observed data, and are equivalent
to MLE with the underlying assumptions of a linear and gaussian datamodel. Neural networks, or
generally empirical methods, compute a mapping between the photometric observable and the
output(s) given a learning scheme. In spectroscopy, the algorithms to estimate zspec in the
literature are direct applications of the χ2minimization, (⇔ MLE of the observable likelihood for a
gaussian and linear datamodel).
By using slit less spectroscopy, the upcoming survey Euclid will produce a large number (≥ 5 .107)
of spectroscopic redshifts ∈ [0.7 − 2.0] requiring a redshift accuracy of σzspec /(1 + zspec) ≤ 10−3.
Thus, an automated reliability criterion of the estimate zˆspec is a decisive component of the
spectroscopic data processing pipeline. For this purpose, we suggest a Bayesian framework for
the current methods to turn into a unified expression of MAP: spec= argmaxz[ P ( z | data; other
prior information )].The current MLE coincides with a MAP using a constant prior over the
parameter space Θ. The use of a prior allows localizing the pdf on more plausible candidates in Θ.
Advanced algorithms exploit spectral line detections and/or cross-correlation functions in order to
define a limited set of more probable redshift candidates. This discretization of the parameter
space, comparable to a human operator reasoning, can be viewed with caution as a prior: using
knowledge and work experience, the search within an observable spectrum for significant and
identifiable features provides a finite set of plausible solutions within Θ.
The ongoing work on a quality flag for the MAP estimate, complying with the project requirements,
requests a fine analysis of the MAP pdf and the associated CR. An automated algorithm will
reproduce a scheme using a training dataset and a list of key information extracted from the
Posterior pdf P (z |data; other prior information).
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Automated colour-based deblending of the Hubble Frontier Fields
R. Joseph
Astronomical objects are often seen merged / blended on the plane of the sky. This blending can
be apparent, because objects at different distances are seen in projection on the plane of the sky
or, real, because different objects at the same distance are physically overlapping. In strong
gravitational lensing this effect is of particular importance since strong lensing involves by definition
alignments of galaxies: lenses and sources, at various redshifts. Given the difference in redshift
and/or in stellar population, blended objects are very likely to present different colours.
The frontier fields program provides us with deep images of six strong lensing galaxy clusters,
each of them containing countless arcs, and multiple images of lensed source that act as probes
for mass distribution in the clusters. A clear identification of these objects is a key step in
constraining mass distribution in the cluster. Here, we show that our morphological component
analysis-based method (MuSCADeT; see talk by Rémy Joseph) allows to separate objects in a
field of view with their colour difference as only assumption. We present our decomposed images
of the full frontier fields data, showing unprecedented separations between lensed images and
foreground galaxies. We also show an example of an application to spiral galaxies at the redshift of
the cluster, where we are able to separate red and blue components, thus tracing the stellar
populations inside each galaxy.

Dark Energy illuminated by cosmic voids in the DES footprint
A. Kovács
Measurements of the average chill in the Cosmic Microwave Background aligned with
underdensities in the cosmic web are direct probes of the Dark Energy phenomenon. A catalogue
of Nv~ 60 voids, spanning the redshift range 0.2<z<0.7, has been defined in the first year footprint
of the Dark Energy Survey with novel techniques. The smearing effect of the σz/(1+z)~0.02
photometric redshift uncertainties for the redMaGiC tracer galaxies facilitates a feasible study of
the largest and most significant voids of size R>= 50 Mpc/h as demonstrated using mock galaxy
catalogues. A filtered stacking measurement of CMB temperatures indicates a cumulative cold
imprint at the level of ΔT~ -10~μK reaching ~3σ significance. This signal significantly exceeds the
Λ-CDM expectations for the integrated Sachs-Wolfe imprint of voids. Statistical analyses of mock
galaxy catalogues reveal a meaningful line-of-sight elongation, but such effects only result in
marginal increment in the integrated Sachs-Wolfe expectations. We compare our results to
previous studies based on SDSS-BOSS void catalogues, where similarly anomalous signals have
been measured aligned with significantly elongated ''photo-z voids". We conclude that prolate
voids are important laboratories to study the dynamical properties of Dark Energy.
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Cosmic troublemakers: the Cold Spot, the Eridanus Supervoid, and the Great Walls
A. Kovács
The alignment of the CMB Cold Spot and the Eridanus supervoid suggests a physical connection
between these two relatively rare objects. We use galaxy catalogues with photometric (2MPZ) and
spectroscopic (6dF) redshift measurements, supplemented by low-redshift compilations of cosmic
voids, in order to improve the 3D mapping of the matter density in the Eridanus constellation. We
find evidence for a supervoid with an important elongation in the line-of-sight, effectively spanning
the total redshift range z<0.3. Our tomographic imaging reveals significant substructure in the
Eridanus supervoid, with a potential interpretation of a long, fully connected system of voids. We
improve the analysis by extending the line-of-sight measurements into the antipodal direction that
interestingly crosses the Northern Local Supervoid at the lowest redshifts. Then it intersects very
rich superclusters like Hercules and Corona Borealis, in the region of the Coma and Sloan Great
Walls, as a possible compensation for the large-scale matter deficit of Eridanus. We find that largescale structure measurements are consistent with a central matter underdensity δ0~-0.25,
projected transverse radius r_{0}^{\perp}\=~195 Mpc/h with an extra deepening in the centre, and
line-of-sight radius r_{0}^{\parallel} = ~ 400 Mpc/h, i.e. an ellipsoidal supervoid. The expected
integrated Sachs-Wolfe imprint of such an elongated supervoid is at the ΔΤISW~ -50μΚ level, thus
inappropriate to fully accounting for the Cold Spot pattern in the CMB.

Stellar classification from single-band imaging using machine learning
T. Kuntzer
Information on the spectral types of stars is of great interest to optimally exploit present and
upcoming space-based surveys.
We devised a classification scheme for stars into spectral types using only their shape in a broadband image. Indeed, through diffraction by telescope optics, the exact 2D profiles of stellar images
depend on their spectra. We present a supervised machine learning approach, based on principal
component analysis and artificial neural networks. The performance of the method is evaluated on
fully data-driven situations mimicking the Hubble Space Telescope (HST) Advanced Camera for
Surveys in the F606W and F814W bands, as well as a Euclid-like imager. The training is
performed with a limited subset of bright stars from a survey, subject to reddening and an unknown
PSF with spatial variation across the detector.
The simulations consist of main-sequence stars with artificially flat distributions in spectral type and
in signal-to-noise. We classify these stars into 13 spectral subclasses, from O5 to M5. Our single
band classifier achieves a high success rate both for Euclid-like and HST images, with typical
uncertainties of half a spectral class.
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A MCMC method for supernova classification
P-Y. Lablanche
The classification of observed Supernovae is a complicated and sometimes tedious task. Several
codes have been designed using either spectral fitting or lightcurve fitting.
We present a code that uses MCMC and optimisation methods to both classify supernovae and to
estimate associated parameters (redshift z, epoch t, dust etc...) in the presence of both dust and
host galaxy contamination.
We have tested our method against observational data from the Dark Energy Survey and it has
been found to recover the supernova type and associated parameters with good accuracy.

Spectral analysis of the SUZAKU data of GX 9+9
Y-J. Lei, H.-T. Zhang, Y.-X. Zhang
We present the X-ray spectral results of the neutron star low-mass X-ray binary GX 9+9 with the
observation of SUZAKU in 2010. GX 9+9 is classified as an atoll-type neutron star source in a
persistent lower banana state. The continuum spectrum of SUZAKU can be fitted with the model
consisting of a disc blackbody plus a blackbody, and the former represents the soft energy and the
later the hard energy. A broad iron emission line is detected in the spectrum.

3D weak lensing with spin wavelets on the ball
B. Leistedt
I will present a suite of estimators exploiting 3D wavelets to robustly measure the 3D cosmic shear
power spectrum and other weak lensing observables. The wavelets probe spin and directional
features separately on the sky and along the line of sight. They can be used to robustly deal with
angular or radial systematics, mask and selection effects, and also to only restrict the analysis to
scales that can be accurately modelled. The wavelets are constructed on the Fourier-Laguerre
transform, a 3D harmonic transform that is separable, admits an exact pixelisation/sampling
theorem, and also has a direct analytical connection to the Fourier-Bessel transform. I will also
touch on the ongoing efforts in the LSST DESC collaboration to combine 3D pixelisation,
transforms and systematics mitigation to prepare for the next generation of large imaging surveys.

Near Field Cosmology with RR Lyrae Variable Stars
J. Long
RR Lyrae (RRL) are a class of periodic variable stars. Discovery of RRL in the Milky Way halo
provides evidence for existence of satellite galaxies. Thus RRL may be used to solve the missing
satellites problem in near field cosmology in which the number of observed Milky Way satellites is
smaller than that predicted by cosmological simulations. Ongoing and upcoming multi--filter
surveys such as Pan-STARRS, DES, and LSST will produce large time domain data sets of
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objects in the Milky Way halo. Finding and characterizing RRL in these data sets is challenging,
especially for Pan-STARRS and DES which have sparse temporal coverage. We present a new
model for RRL stars constructed using densely time sampled RRL found by SDSS in Stripe 82.
The resulting model is parsimonious (few free parameters) and computationally efficient to fit to
new light curves, making it well suited for surveys such as Pan-STARRS and DES. We
demonstrate the ability of the model to estimate periods for RRL detected by Pan-STARRS and
discuss how the model can be used to find RRL among large sets of light curves using goodnessof-fit statistics.

New measurement of CIB power spectra from Planck HFI maps
C. Mak
We present new measurements of the power spectra of the cosmic infrared background (CIB)
anisotropies using the Planck 2015 full-mission HFI data at 353, 545, and 857 GHz over 20 000
square degrees. Unlike previous Planck measurements of the CIB power spectra, we do not rely
on external HI data to remove Galactic dust emission from the Planck maps. Instead, we model the
Galactic emission at the level of the power spectra, using templates constructed directly from the
Planck data by exploiting the statistical isotropy of all extragalactic emission components. This
allows us to work at the full resolution of Planck over large sky areas. We construct a likelihood
based on the measured spectra (for multipoles 50 ≤ ℓ ≤ 2500) using analytic covariance matrices
that account for masking and the realistic instrumental noise properties. The results of an MCMC
exploration of this likelihood are presented, based on simplep arameterised models of the CIB
power that arises from clustering of infrared galaxies. We explore simultaneously the parameters
describing the clustered power, the Poisson power levels, and the amplitudes of the Galactic
power spectrum templates across the six frequency (cross-)spectra. The best-fit model provides a
good fit to all spectra. We find that the power in the CIB anisotropies from galaxy clustering is
roughly equal to the Poisson power at multipoles ℓ = 2200 (the clustered power dominates on
larger scales), and that our dust-cleaned CIB spectra are in good agreement with previous Planck
and Herschel measurements. A key feature of our analysis is that it allows one to make many
internal consistency tests. We show that our results are stable to data selection and choice of
survey area, demonstrating both our ability to remove Galactic dust power to high accuracy and
the statistical isotropy of the CIB signal.
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Accounting for Eddington bias in observed mass functions using hierarchical Bayesian
likelihoods.
S. Murray
The halo mass function (HMF) is an important member of a class of cosmological functions which
can be represented as statistical distributions. In standard practice, the HMF distribution is
determined by a series of operations that do not have closed form, following the Extended PressSchechter (EPS) formalism. While providing an excellent physical motivation and 5-10\% accuracy,
this approach can suffer from inefficiency in the context of observed halo masses, which pose
extra challenges as compared to the traditional fitting of simulated catalogues.
One such challenge is the appearance of Eddington bias – the propensity of variates to be
scattered into lower-density regions with the inclusion of symmetric uncertainties – due to the
steep power-law nature of the distribution. Typical observational uncertainties in the context of the
HMF constitute roughly a quarter of the total logarithmic mass range of a sample, rendering
Eddington bias highly influential in the observed distribution.
We find that employing a hierarchical Bayesian likelihood, in which the true masses form
hierarchical parameters, serves to reduce the bias of resultant estimations significantly. In order to
implement this process, which contains upwards of 104 parameters, we propose a simple closedform distribution (a truncated generalised gamma distribution) for the HMF, and use Hamiltonian
Monte Carlo via the probabilistic language Stan.
Initial results indicate that even with relatively small samples with a high degree of measurement
uncertainty, Eddington bias can be largely overcome to obtain reliable parameter estimates, and
robust posterior distributions. We envisage that these results will be applicable to future
measurements of the HMF via galaxy group catalogues (such as the GAMA catalogue) and also to
other number density studies, such as the luminosity function, galaxy stellar mass function, and
radio source counts.

Halo mass measurements of satellite galaxies in CFHT Stripe82 and CFHTLenS
A. Niemiec
We present a measurement of the dark matter halo mass of satellite galaxies at different halocentric distances. We use the shear catalogs of the CFHTLenS and the CFHT Stripe 82 (CS82)
surveys, and the redMaPPer catalog of clusters. Assuming a truncated NFW model for the mass
distribution of sub-halos, we find that for a given stellar mass range the sub-halo mass increases
with
the
halo-centric
distance
we
measure
at
at

and

.
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Photometric Selection of a Massive Galaxy Catalog with z≥0.55
B. Nunez
We present the development of a massive galaxy catalog, targeting galaxies at redshift z ≥ 0.55,
and consisting primarily of Luminous Red Galaxies (LRG), along with massive bluer galaxies. The
study of cluster evolution can provide key insights into cosmology, probing the growth of large
scale structure and dark energy. LRGs are particularly suited to the study of clusters, as they are
typically the most luminous and massive galaxies at redshifts z ≤ 1.0, strongly tracing their
underlying dark matter halos. The massive galaxy catalog is selected using color-color cuts in the
infrared and optical, with optical data from the Sloan Digital Sky Survey (SDSS) and infrared data
from the "unWISE" forced photometry catalog derived from the Wide-Field Infrared Survey
Explorer satellite. The selection yields approximately 16 million candidates over the full SDSS
DR10 footprint. The redshift distribution of the resulting catalog is estimated using spectroscopic
redshifts from the DEEP2 Galaxy Redshift Survey and photometric redshifts from COSMOS.
Restframe U-B colors from DEEP2 are used to estimate LRG selection efficiency. The resulting
catalogs have mean redshift z ~ 0.60, with standard deviation σ = 0.18, and less than 2% stellar
contamination. We anticipate a large signal from cross-correlations with CMB lensing, the
Sunyaev-Zel'dovich effect, and the Integrated Sachs-Wolfe effect.

Cosmological constraints from peak counts in a Euclid-like simulation
A. Peel
The observed statistical distribution of matter in the universe serves as a powerful discriminator of
cosmological models. Weak lensing has become a primary tool to study this matter distribution and
to extract information about large-scale structure and the dark sector. Peak counts in weak-lensing
maps, which provide access to the non-Gaussian part of the signal, have recently been studied as
a complement to second-order statistics and have been used to constrain cosmological
parameters, in particular ΩΜ and σ8. Upcoming wide-field surveys like the Euclid mission will
measure galaxy shapes with unprecedented precision, allowing us to maximize the utility of weak
lensing as a cosmological probe. To prepare for the analysis of future Euclid data, we assess the
ability of peak counts to constrain cosmological parameters in a simulated Euclid-like survey. We
consider mock weak-lensing observations from the MICE v2 run, from which we produce mass
maps using a wavelet-based matched filter technique. We generate peak count predictions by raytracing through fast simulations that avoid the need for costly N-body simulations and then
compare these to the observed peak count abundances. We constrain the parameters of the mock
survey and quantify any biases using an algorithm based on approximate Bayesian computation.
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Non-stationary Covariance Functions for the Interpolation of Irregularly Sampled Data Sets
M. Petrakis
The study of spatially distributed physical processes usually relies on irregularly sampled data due
to cost, time constraints, and instrumental limitations. Such data sets often arise from astronomical
observations or even from computer simulations, for which there is more control on the sampling
strategy. The transition from irregularly sampled measurements into maps of the physical quantity
under study, require some form of interpolation. Any interpolation framework for irregularly
sampled data should optimally recover information about the physical process. One such
formalism is the random field theory in which it is assumed that measurements of a physical
property correspond to a sample path of a multidimensional Gaussian joint probability distribution
function. The spatial correlations are described by means of covariance functions, which are
determined from the data usually under the assumption of statistical stationarity. Spatial
interpolation is then performed via kriging (or Wiener filtering), which has the property of being a
best linear unbiased estimator. Spartan spatial random fields (SSRFs) are a relatively new class of
Gibbs random fields, in which the spatial dependence is derived from local interactions instead of a
model covariance. The probability of a given field configuration is determined by an effective local
energy functional (ELEF). This formulation is inspired from statistical physics and provides a
conceptually attractive framework for treating non-stationary and non-Gaussian problems. In
several cases (e.g., datasets with clustered extreme values) the stationarity assumption no longer
holds. In this work, we propose new, non-stationary SSRF covariance functions for the
interpolation of such data sets. We treat the extreme values by means of an ELEF perturbation,
and we derive approximate but explicit non-stationary covariance functions using the leading-order
perturbation expansion.

Supernovae photometric typing for the SUDARE survey
G. Pignata
I will present the results from the algorithm we developed to photometrically classify the
Supernovae discovered by the Supernova Diversity and Rate Evolution (SUDARE). The
classification outcome is compared with that of other public available codes and what we obtained
from spectroscopy.

The Influence of Convolutional Gridding on Sparse Image Reconstruction for Radio
Interferometry
L. Pratley
Radio interferometers, like the Square Kilometre Array (SKA), require new fast and efficient
algorithms to deal with the high volumes of data that they will collect and to produce high-fidelity
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images of the sky. Compressive sensing (and sparse regularisation) is a promising approach for
radio interferometric imaging that tackles these challenges. Like other imaging approaches,
compressive sensing techniques require a measurement operator to model the data acquisition
process. In radio interferometry, the measurement operator includes a gridding operator, which
maps between the measured and gridded visibilities so that fast Fourier transforms can be
exploited. We study the performance and quality of different convolutional gridding kernels in the
context of compressive sensing. Some convolution kernels are simple and fast to compute, giving
them an advantage over standard kernels, while also providing excellent image fidelity.
Furthermore, using a minimal oversampling ratio for gridding reduces the amount of computation
considerably, while having minimal impact on image fidelity.

An n-body simulation to estimate the effects of inhomogeneities on the expansion of the
Universe
G. Racz
Although observations show that the matter distribution in the Universe is strongly clustered, the
widely used standard cosmological model ignores the effect of inhomogeneities and adopts the
homogeneous-isotropic assumption of the Friedmann-Lemaître-Robertson-Walker metric.
Essentially, standard N-body simulations average the density field and apply the Friedmann
equations to determine the time evolution of the scale factor. We present a toy model in which we
reverse the order of spatial averaging and time evolution of the Friedmann equations. Assuming an
FLRW metric locally, we calculate the local volume increment for every partition of the space and
average these increments spatially to get the increment of an effective scale factor valid for the
entire simulation cube. With our toy model we demonstrate that this setup can lead to accelerating
expansion without introducing dark energy.

The galaxy-halo relation through a lens of cosmological rescaling
M. Renneby
In the era of precision cosmology, we require fast and accurate models to examine the connection
between galaxies and their surrounding dark matter distribution. Detailed, large N-body and
hydrodynamical simulations are feasible today, but it is computationally challenging to explore the
parameter space of cosmological and galaxy formation models consistently. We investigate a
possible shortcut by testing the capability of an improved version of the cosmological rescaling
algorithm formulated by Angulo \& White (2010) and later extended by Angulo \& Hilbert (2015) to
emulate the halo mass function and galaxy-galaxy lensing profiles.
Galaxy-galaxy lensing is a high signal-to-noise probe of the relation between foreground galaxies,
selected according to stellar mass, environment and so forth, and the properties of their dark
matter halos. In combination with galaxy clustering one can disentangle galaxy bias. The signal is
present in the linear, weakly nonlinear and fully nonlinear regime, which allows it to illustrate the
prospective scales of the algorithm. Using five small Millennium simulations, we find at best a
percent to sub-percent deviation between the rescaled fiducial simulation and the direct
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simulations, depending on the radial range, halo mass and cosmology chosen. We parametrize the
deviance in terms of halo concentration by fitting analytical NFW tangential shear profiles to the
simulation output. This concentration discrepancy is found to be constant across the 1012-1014, h-1
Msun range, suggesting that it depends on ΔΩm and Δσ8 with respect to the fiducial cosmology.
Moreover, we show the accuracy of a galaxy group mass estimation using a rescaled simulation.
To conclude, we outline how the profiles can be incorporated in the MCMC sampler of the fast
semi-analytical galaxy formation model framework L-Galaxies, Henriques et al. (2015), to form joint
constraints with galaxy clustering.

Spin-SILC: CMB polarisation component separation with spin directional wavelets
K. Rogers
B-mode polarisation is a powerful cosmological observable which in principle allows the detection
of a stochastic background of gravitational waves predicted by inflation, and gives strong
constraints on the neutrino sector using the weak gravitational lensing of the cosmic microwave
background (CMB). Astrophysical foregrounds present a formidable obstacle in extracting these
signatures of new physics from CMB polarisation data. I will present a novel form of internal linear
combination (ILC) that uses spin, directional, scale-discretised wavelets --- Spin, Scale-discretised,
directional wavelet ILC or Spin-SILC. Like previous component separation methods, SILC uses the
characteristic frequency, spatial and harmonic signatures of foregrounds to separate them from the
cosmological background signal. By using directional wavelets, SILC also uses the morphological
information of the foregrounds and CMB to better localise the cleaning algorithm. This is because
directional wavelets, when convolved with signals on the sphere, can separate the filamentary
structures which are characteristic of both the CMB and foregrounds. Moreover, Spin-SILC uses
spin wavelets allowing both the minimisation of E and B residuals and simultaneously their crosscorrelations for the first time. It also provides an elegant framework in which to carry out E-B
separation. I will present the results of the algorithm's application to both temperature and
polarisation anisotropies.

Multi-probe analysis of high resolution observations of galaxy clusters by the NIKA camera
F. Ruppin
Thermal Sunyaev-Zeldovich effect (tSZ) is a powerful probe that has been proved to be
complementary with respect to traditional observables (e.g. X-ray, optical) used for cluster
astrophysics characterization. Previous arcmin resolution tSZ observations (e.g. SPT, ACT and
Planck) only allowed detailed studies of the intracluster medium (ICM) morphology for low redshift
clusters (z < 0.2). Thus, the development of precision cosmology with clusters requires high
angular resolution observations to extend the understanding of galaxy cluster towards high
redshift. NIKA2 is a wide-field (6.5 arcmin field of view) dual-band camera, installed on the IRAM
30-m telescope and containing ~ 3300 KIDs (Kinetic Inductance Detectors), designed to observe
the millimeter sky at 150 and 260 GHz, with an angular resolution of 18 and 12 arcsec
respectively.
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As a pathfinder for NIKA2, several galaxy clusters have already been observed with the NIKA
prototype to cover the various observation conditions expected for NIKA2. Statistical methods have
been developed to reduce the raw data and characterize the different systematics coming from
point source contamination, atmospheric noise subtraction, etc. One of the NIKA2 data analysis
challenges is the characterization of the observed clusters ICM astrophysics using multi-probe
statistical analysis (e.g. MCMC) and appropriate ICM descriptions beyond the standard halo
model.
I will focus on the analysis of recent tSZ observations with the NIKA prototype and present the
forthcoming tSZ large program with the NIKA2 camera.

3D Statistical Analysis of the Cosmic 21cm Signal
A. Schmit
Next generation radio telescopes such as HERA and SKA are expected to detect the cosmic 21cm
signal in the near future. Statistical analysis techniques that optimally use the information obtained
are essential to constrain astrophysics and cosmology in our models. Distance information for the
21cm background will be directly linked to the frequency range probed by the detector, thus
allowing for a continuous 3D analysis of the signal. Taking advantage of the spherical symmetry of
the signal properties, most information can be extracted using a spherical harmonic - spherical
Bessel basis for the 21cm power spectrum. This method does not suffer from the information loss
that conventional binning techniques do. A first application of our framework will be a Fisher
analysis constraining cosmological parameters. Our analysis will account for redshift space
distortions due to peculiar velocities in the gas as well as foreground contaminations from both
galactic and extragalactic sources.

AMAZED : Algorithm for Massive Automated Z Evaluation and Determination
A. Schmitt
AMAZED is an automatic redshift estimation software package developed in the framework of both
EUCLID and PFS large-scale spectroscopic surveys involving the LAM. The AMAZED project aims
at providing a fully automated and versatile (instrument type, resolution, ...) redshift estimation tool.
This poster is focused on the algorithmic concepts and first results obtained with simulated data
and real data.

Gaussianisation for Bayesian posterior distributions and model comparison in cosmology
R. Schuhmann
Gaussianisation is a powerful framework to reconstruct a Bayesian posterior probability distribution
with non-Gaussian features from an MCMC sample thereof. The key is to find a non-linear
parameterised transformation that maps the point sample into an approximately Gaussian shape.
This allows to find an analytic form for the probability density, in analogy to the normal parameters
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of the CMB. Further, we can use this transformation form to accurately compute the Bayesian
evidence.
We reproduce credible regions of the Planck posterior density, where our framework outperforms
KDE in the accuracy of the contours. We also demonstrate how to use Gaussianisation for
cosmological model comparison, and verify our method against standard approaches.

A Model for Evolution of Lyα Blobs Number Density at z ~ 1 - 6.6
M. Smailagic
43
44
Lyα blobs are very luminous ~10 – 10 erg/s and very extended (with diameters of ~50- 100 kpc
and more) regions of Lyα emission, which are rare and mostly found in overdense regions. Their
mechanism of emission and evolution are still not clear. We assume that Lyα blobs are powered
mainly by photoionization by star formation, and model the observed evolution in comoving
number density of Lyα blobs as a function of redshift. We use a dark matter cosmological
simulation to which we apply recipes for Lyα emission in every halo. For appropriate parameters
used, our luminosity functions are in agreement with observed luminosity functions of Lyα blobs
and Lyα emitters at redshifts z~ 1 – 6.6. If we assume how the emissivity is distributed in haloes,
then the modeled luminosity – area relation is in agreement with observations at z ~ 2–3.

Statistical analysis of an extrasolar planet detection approach based on hydrodynamical
simulations
S. Sulis
Assessing the significance of a detection claim when the noise statistics are fully or even partially
unknown is a challenging problem. This problem is encountered in many fields of Astrophysics. As
witnessed by several recent studies, this significance problem is particularly acute for the detection
of small telluric extrasolar planets in radial velocity (RV) data.
With recent and future spectrographs, the dominating source of noise is the host star activity, not
the instrument. This stellar noise is created by the stellar surface activity (granulation, oscillations,
magnetic activity) and can mimic, or hide, planet signatures.
The approach proposed here investigates whether reliable hydrodynamic (HD) simulations of the
stellar noise could be used to improve the control of the significance assigned to planet detections
in regularly sampled RV data. In this aim, we propose to use a periodogram standardized by a
noise power estimate obtained from HD simulations. We consider several detection tests acting on
this standardized periodogram and analyse theoretically their performances. These performances
depend on the number of RV data samples (which is assumed large), the available number of
``training data sets’’ obtained by HD simulations (which is assumed small, owing to the
computational cost of HD simulations) and the Keplerian orbit parameters (essentially orbital
period and eccentricity).
We show by numerical studies that the theoretical results accurately describe the false alarm and
detection rates of the considered tests. The simulations also show that testing the maximum value
of the standardized periodogram is an efficient strategy in the vast majority of cases. This suggests
that among the harmonic signals of the RV (which are generated for instance by planets with offgrid frequencies and/or high eccentricities), mainly the very first ones significantly help to
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discriminate against the null hypothesis. For the rare cases where harmonics should be
considered numerous, we show that adaptative tests as Higher Criticism or Berk-Jones can be
advantageously applied to the proposed standardized periodogram.

A matched filter approach for the joint detection of galaxy clusters in X-ray and SZ surveys
P. Tarrío
Galaxy clusters are a powerful cosmological probe. Their distribution and properties across redshift
provides strong constraints on structure formation in the Universe and on cosmological
parameters. State-of-the-art galaxy cluster detection techniques rely on the analysis of singlesurvey observations, and in general, become less effective when trying to detect higher redshift
clusters, of particular interest for cosmological analysis. Since the hot ionized gas of the intracluster medium emits thermal radiation in the X-ray band, and also distorts the cosmic microwave
radiation via the Sunyaev-Zel'dovich (SZ) effect, combining these two complementary sources of
information through innovative techniques can improve the cluster detection rate and reduce the
number of false detections when compared to using only one of the probes. We present a novel
cluster detection technique that is able to combine observations from X-ray and SZ surveys by
taking into account the specific characteristics of the observed signals and noise. This joint X-raySZ analysis tool is based on matched multi-frequency filters (MMF), and will allow us to detect
fainter or more distant clusters while maintaining high catalogue purity. Through the injection of
simulated clusters on RASS and Planck maps and through the extraction of known clusters on
these maps, we show that the joint X-ray-SZ filter provides correct photometry as long as we know
the X-ray flux versus SZ flux relation of the clusters, and that it provides a better signal-to-noise
ratio than single-map extractions, improving the detection rate, even if we do not know perfectly
the X-ray flux versus SZ flux relation.

Mapping the Mass Along the Line of Sight of Multiply Lensed Quasars
O. Tihhonova
Relative time-delays that arise in multiple images of gravitationally lensed quasars allow to
constrain the Hubble parameter. Galaxies that produce the lensing effect often lie close to the line
of sight of groups or clusters of galaxies. These intervening groups/clusters modify the apparent
positions of quasar images and relative time-delays. If not properly taken into consideration, this
biases the value inferred for the Hubble parameter. In order to account for the effect, the overall
mass distribution along the line of sight of gravitational lenses has to be measured. A possible
technique for this is weak gravitational lensing.
We present the weak gravitational lensing measurements of the ultra deep wide-field imaged by
Suprime-Cam on Subaru telescope. The field is centered on the quadruple quasar HE 0435-1223.
We present the obtained mass map and compare it with the results from other commonly used
techniques.
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Pushing further component separation and improving Planck cosmological results
B. Umiltà
The Planck mission provided whole sky maps in the microwave range, which have opened a
window on precision cosmic microwave background (CMB) science in cosmology. For this
purpose, accuracy of the separation technique of foreground astrophysical emissions becomes
crucial. A lot of effort has been done within the Planck Collaboration, however, the CMB maps they
delivered still have a residual foreground contamination which are not enough characterized for
cosmological exploitation.
Among these residuals, the unresolved point sources background is one of the most perturbing,
since this is a not well known emission ad since it is degenerate with the small scales of the CMB
angular power spectrum. This degeneracy can be removed either by assuming a model for the
CMB, as is the case for the Planck 2015 likelihood, or by introducing some physical knowledge
about the point sources background. I will present our work to tackle this problem, by modeling the
unresolved point sources as two independent families, a radio and an infrared one. This constraint
breaks the degeneracy and allows, through the blind component separation algorithm SMICA, to
better describe the foreground residual, and to have an unbiased estimation of cosmological
parameters.

Kriging Interpolating Cosmic Velocity Field
Y. Yu
Volume-weighted statistics of large-scale peculiar velocity is preferred by peculiar velocity
cosmology, since it is free of the uncertainties of galaxy density bias entangled in observed
number density-weighted statistics. However, measuring the volume-weighted velocity statistics
from galaxy (halo/simulation particle) velocity data is challenging. Therefore, the exploration of
velocity assignment methods with well-controlled sampling artifacts is of great importance. For the
first time, we apply the Kriging interpolation to obtain the volume weighted velocity field. Kriging is
a minimum variance estimator. It predicts the most likely velocity for each place based on the
velocity at other places. We test the performance of Kriging quantified by the E-mode velocity
power spectrum from simulations. Dependences on the variogram prior used in Kriging, the
number nk of the nearby particles to interpolate, and the density nP of the observed sample are
investigated. First, we find that Kriging induces 1% and 3% systematics at k~0.1$\hmpc$ when
nP~6x10-2 (\mpch)^{-3}$ and nP~6x10-3 (\mpch)^{-3}$, respectively. The deviation increases for
decreasing nP and increasing k. When nP <~ 6x10-4 (\mpch)^{-3}$, a smoothing effect dominates
small scales, causing significant underestimation of the velocity power spectrum. Second,
increasing nk helps to recover small-scale power. However, for nP <~ 6x10-4 (\mpch)^{-3}$ cases,
the recovery is limited. Finally, Kriging is more sensitive to the variogram prior for a lower sample
density. The most straightforward application of Kriging on the cosmic velocity field does not show
obvious advantages over the existing methods. Thus, we further improve the Kriging performance
by considering more delicate Kriging. The improvement mainly comes from considering the
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anisotropy in the input variogram prior for Kriging. We find that the improvement is obvious for low
sampling density cases nP <~ 6x10-3 (\mpch)^{-3}$), in the sense of the alleviation of severe power
spectrum suppression in small scales. The scale at which the measured velocity power deviates
from the reference case moves towards small scale by a factor ~1.6. Furthermore, the impact from
adopting inconsistent variogram prior is weakened. We conclude that the improvement from the
more delicate Kriging is a notable step forward.

The Influence of Sample Selection on Photometric Redshift Accuracy
Y. Zhang
With more and more data collected, the requirement of data processing, data storage, data
transfer as well as other issues related to data is more serious. When data are enough, it is not
always a good thing with a much larger amount of data. The performance of good algorithms
depends on data selection. We explore the same algorithm applied on photometric redshift
estimation of quasars with different photometric data, different input patterns, different sample
selection. The experimental results indicate that the quality of sample, input pattern and sample
selection are all important factors to affect the accuracy of photometric redshift estimation
approaches. Especially effective and efficient sample selection is of great importance in the big
data era. Here we provide a kind of reference method to sample selection and then improve
accuracy and efficiency of an algorithm.

Notes
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