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CMB and LSS groups at SISSA
● SISSA is located in Trieste, Italy 

● Within Astrophysics, the CMB group is made of 5 post-docs (Basak, 
Bielewicz, Castex, Fabbian, Paci), 2 PhD student (Krachmalnicoff, Puglisi), 
the LSS group is made of 2 post-docs (Martinelli, Silvestri), 5 PhD studens 
(Antolini, Bianchini, Calabrese, Frusciante, Raveri)

● It constitutes the Planck Low Frequency Instrument Data Processing Centre 
together with the Astronomical Observatory with responsibility mainly on: 

– Production of Planck maps at 30, 44, 70 GHz 

– Production of CMB maps 

● It is involved in the EBEX, PolarBear sub-orbital CMB experiments 

● It is involved in Euclid for coordinating the activity in preparation to the 
Cross-Correlation with CMB
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LSS effects on CMB

• Re-scattering
● Re-ionization

• Gravitation
● Time evolution of the metric tensor 
● Deflection 
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Last scattering

Forming structures

Integrated Sachs-Wolfe

Sachs & Wolfe 1967



Integrated Sachs-Wolfe

Cosmological friction for 
cosmological perturbations∝H 

w         ρ          H



Cross-correlating with LSS



Cross-correlating with LSS

Perturbation statistics and dynamics → early Universe



Cross-correlating with LSS

Geometry and perturbation dynamics → dark energy effects



ISW-LSS correlation detection
Fosalba, Gaztagnaga 
2003

Padmanabhan et al. 
2005



ISW-LSS impact on cosmology
Xia et al. 2010, 2011, 
2012

Giannantonio et al. 
2008



Last scattering

Forming structures - lenses

CMB lensing

Bartelmann, Schneider 2001, Hu 2000

T



Forming structures - lenses

EB

CMB lensing 

Last scattering

Kamionkowski, Kosowsky & Stebbins, Zaldarriaga & Seljak1998
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Cosmic Acceleration



CMB lensing

Acquaviva et al. 2004



CMB lensing

Geometry 
Acquaviva et al. 2004



CMB lensing

Perturbation dynamics
Acquaviva et al. 2004
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Early dark energy and 
CMB lensing

Acquaviva & Baccigalupi 2006



CMBreaking projection 
degeneracy

Acquaviva & Baccigalupi 2006



CMB lensing detection

Keisler et al. 2011



CMBroken degeneracy 

Sherwin et al. 2011



CMBroken degeneracy
Van Engelen et al. 
2012



The B-modes



 The first cross-evidence of 
lensing B modes

Hanson et al. 2013



 The first cross-evidence of 
lensing B modes

Hanson et al. 2013



The first auto-evidence of 
lensing B-modes

Ade et al. 2013



Planck 2013



Planck
The scientific results that we present today are a product of the 
Planck Collaboration, including individuals from more than 100 
scientific institutes in Europe, the USA and Canada  

Planck is a project of the European Space Agency, with instruments provided by two scientific Consortia funded by ESA member states (in 
particular the lead countries: France and Italy) with contributions from NASA (USA), and telescope reflectors provided in a collaboration 

between ESA and a scientific Consortium led and funded by Denmark.

C I T A  –  I C A T

U N I V E R S I T À  D E G L I  S T U D I
D I  M I L A N O  

ABabcdfghiejkl



The sky at Planck frequencies

Planck 2013



The Planck CMB anisotropies

Planck 2013



The Planck CMB power 
spectrum

Planck 2013
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The low l CMB T spectrum

Planck 2013



Cosmological parameters

Planck 2013
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Planck 2013

ISW-LSS cross-correlation 
from Planck



 ISW-LSS cross- correlation 
from Planck

Planck 2013



Gravitational lensing from 
Planck

Planck 2013



Gravitational lensing from 
Planck

Planck 2013



Gravitational lensing from 
Planck

Planck 2013



Gravitational lensing from 
Planck

Planck 2013



Gravitational lensing-CIB 

Planck 2013



Planck 2014



Expectations from Planck 
2014

Planck 2013



 Total intensity:
 Cosmology from 2.5 years of data rather than 1
 Improved foreground modeling

 Polarisation:
 High l spectra and likelihood for E modes
 Cross-Correlation of large scale E modes and LSS data
 Issues being tackled for constaints on B modes from 

cosmological gravitational waves:
 Low l foreground cleaning
 Low l noise covariance control
 Low l systematics control

Expectations from Planck 
2014
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 Polarisation:
 High l spectra and likelihood for E modes
 Cross-Correlation of large scale E modes and LSS data
 Issues being tackled for constaints on B modes from 

cosmological gravitational waves:
 Low l foreground cleaning
 Low l noise covariance control
 Low l systematics control
 New: study data in regions surveyed by sub-orbitals, gain 

information on background and foregrounds

Expectations from Planck 
2014



Euclid 2013



Euclid Facts

● 2011: selection  
● 2012: adoption 
● 2013: prime industrial contractor selected 
● 2014-2020: working groups preparing for 

data analysis 
● 2020: launch 
● 7 years of data



Euclid Galaxy Clustering



Euclid Weak Lensing



Euclid Forecasts



Euclid Forecasts



More CMB from 
space



COsmic oRigin Explorer

White paper: arxiv.or
g/abs/1102.2181

http://arxiv.org/abs/1102.2181
http://arxiv.org/abs/1102.2181


Polarised Radiation Imaging 
and Spectroscopic Mission
White Paper
arxiv.org/abs/1306.2259



Work at SISSA
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Main lines
● CMB-N-body lensing 
– Sub-orbital CMB

– Euclid

– Carbone et al. 2013, Antolini et al. 2014

● Component Separation 
– Sub-orbital CMB

– Planck 

– Fantaye et al. 2012, Stivoli et al. 2010, Stompor et al. 2009

● Herschel-Planck Cross-Correlation 
– Bianchini et al., 2014, in preparation

● Theory & Forecasts 
– Effective Field Theory

– Hu et al. 2013, Raveri et al. 2013



CMB-N-Body lensing



 CMB-N-body lensing: do we 
really need it? 

• Do we have a satisfactory statistics in 
semi-analytic prescriptions for CMB 
lensing? 

• Do we have an understanding of mildly and 
full non-linear Dark Matter clustering in 
Dark Energy models? 

• Can we learn about simulations trying to 
get the signal right in particular at high 
resolution? 

• Do we need simulations for understanding 
cross-correlation studies? 

• ...



 CMB-N-body lensing

Carbone et al. 2008, 2009, 2013



CMB-N-body lensing 
ray-tracing: Born or non-Born?

Hilbert et al. 2009



CMB-N-body lensing ray 
tracing

Hilbert et al. 2009, Calabrese et al. 2014, in preparation



CMB-N-body lensing

Carbone et al. 2008, 2009, 2013
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CMB-N-body lensing

Carbone et al. 2008, 2009, 2013



 CMB-N-body lensing: first 
non-ΛCDM runs

Baldi et al. 2012, Carbone et al. 2013



Baldi et al. 2012, Carbone et al. 2013

 CMB-N-body lensing: first 
non-ΛCDM runs



 CMB-N-body lensing: skewed 
statistics in lensed CMB

Carbone et al. 2008, 2009, 2013



 CMB-N-body lensing: 
learning lessons on N-body

Carbone et al. 2008, 2009, 2013



CMB N-body lensing 
recostruction

Fantaye et al. 2012

Convergence estimation
Without foreground cleaning

Convergence estimation
With foreground cleaning



CMB-N-body lensing 
reconstruction

Antolini, et al. 2013



CMB-N-body lensing 
reconstruction

Antolini, et al. 2013



 Cosmology goes...

 



 Cosmology goes off diagonal 

 

 
 



 Cosmology goes off diagonal 
and also...

 

 
 



Cosmology goes off diagonal and also 
statistical and systematic errors do

 
 

 

 

 



 Concluding remarks

• Planck 2013 and the other experiments confirm ΛCDM 
as a satisfactory fit to the data 

• Lots of experiments, CMB sub-orbitals being extended 
and improved, CMB satellites being proposed, Euclid 
under construction

• Leap forward in the accuracy of ΛCDM expected from 
Planck 2014 and sub-orbital CMB, next LSS 
experiments, allowing to measure off-diagonal 
cosmology

• Celebration time for cross-correlation detection will be 
over soon, and precision cosmology from it will require 
the control of an entirely new set of systematics effects
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