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1 RATIONAL OF THE PROJECT

This WP is dedicated to the investigation of the lensing signal induced by forming cosmological structures
along the line of sight of CMB photons, as well as the development of data analysis techniques capable of
using the reconstructed lensing pattern in CMB data and/or the one obtained by means of observations of
Galaxy  populations,  to  remove  (de-lens)  the  lensing  effect  from  CMB  anisotropies.  The  activity  is
particularly  relevant  for  the  B-modes  of  CMB polarization  anisotropies,  where  the  lensing  contribution
dominates the arcminute scale power, and represents the main extra-Galactic contamination to the B-mode
contribution from cosmological gravitational waves. The activity directly supports experimental design of
forthcoming and future CMB probes for what concerns their  capability of controlling and removing the
foreground emission. The WP is articulated in  Tasks; each task has leaders, specific purpose and status of
activities as summarized below. 

Task 9-6X2.1: Support to Experimental Design

 Purpose:  Support  for  forecasting  de-lensing  for  feasibility  studies  using  semi-analytic

techniques

 Leaders: Carlo Baccigalupi, Davide Poletti

 Status: software ready, exploitation in progress 

Task 9-6X2.2: Galaxy Populations and Large Scale Structure Tracers 

 Purpose: characterization of LSS tracers through population of Galaxies

 Leaders: Andrea Lapi 

 Status: impact of astrophysical modeling on CMB reionization modeling ongoing 

Task 9-6X2.3: Production of Algorithms for de-Lensing 

 Purpose: production and testing of de-lensing algorithms 

 Leaders: Carlo Baccigalupi 

 Status: Collaboration 

Task 9-6X2.4: Data Analysis & Simulations 

 Purpose: application of de-Lensing to simulations and data

 Leaders: Carlo Baccigalupi 

 Status:  analysis for lensing reconstruction of Planck data for the 2017 data release is  in

progress, analysis of extra-Galactic sources from the Planck Compact Source Catalogue for
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exploitation in B-mode experiments is  in progress,  analysis for lensing reconstruction of

PolarBear Large Patch Data is in progress 

2 RESULTS EXPECTED AFTER SIX MONTHS FROM THE KO-MEETING

The required product of the first six months from the KO-meeting is the development and implementation of
semi-analytic techniques capable of forecasting the performance of de-lensing (9-6X2.1), taking as input the
main chatracteristics of a given instrumental design. The product has been delivered and is being exploited,
as discussed below. 

Moreover,  in the first  six months of from the KO-meeting,  several  other activities have started and are
progressing, including the analysis of ongoing experiments for what concerns lensing reconstruction, and
exploitation of existing data for investigating the role of polarized point sources in particular as residuals for
B-modes power spectrum measurements (9-6X2.4). This is also briefly described below. 

3 RESULTS OBTAINED AFTER SIX MONTH FROM THE KO-MEETING

3.1 Semi-analytic techniques for de-lensing

The existing forecasting approach to de-lensing (Errard et al.  JCAP 03, 052, 2016 and references therein)
performs  forecasting  for  component  separation  (see  WP9-6X1)  and  de-lensing  at  the  same  time.  For
component separation, the methodology is limited to an assumed accurate estimation of the mixing matrix, as
discussed in the WP9-6X1 report. On the other hand, for de-lensing. the method is capable of estimating the
residual  on  CMB power  spectra  after  lensing  removal,  including  the  effect  on  the  main  cosmological
parameters, such as the tensor to scalar ratio. The method has been developed in order to do forecasting not
only using the reconstructed lensing potential  from CMB anisotropies  (internal  de-lensing),  but  also,  in
relation to the work being pursued in WP9-6X2.2, for taking into account the lensing reconstruction using
tracers of Large Scale Structure (external de-lensing). Based on these investigations, a semi-analytic package
has  been  implemented  for  estimating  the  residual  lensing  power  in  CMB  mps  after  de-lensing  and
forecasting  its  impact  on  cosmological  parameters.  This  is  particularly  relevant  for  the  low  frequency
foregrounds where existing data have less angular resolution with respect  to the one achieved at higher
frequencies, and therefore may get a crucial benefit from ancillary observatons reconstructing the lensing
power. The method is now being applied to forecasting the performance of the fortchoming experiments, and
their combination. 

3.2 Data analysis of ongoing experiments and exploitation of existing data 

During the first six months of from the KO-meeting the data analysis (Task 9-6X2.4) progressed in two main
directions, concerning the use of the Planck Point Source Catalogue in conjunction with the low frequency
surveys (NRAO Vast Sky Survey, NVSS), the analysis of the PolarBear data after two years of observations
for what concerns lensing reconstruction. We briefly describe these progresses below. 
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3.2.1 Planck & NVSS 

The Planck data consist in particular of a catalogue of point sources, some of them with
characterization and detection of polarization. One of the goal of this work (task 9-6X2.2) is
to estimate the residual effect on CMB maps, in particular the B-modes of the polarization,
of unresolved polarized point sources. The work is ongoing by cross-correlating the Planck
catalogue  with the  NVSS one  at  much lower  frequency and with higher  resolution  and
sensitivity. The catalogues show a good degree of compatibility. A first assessment of the B-
mode power from polarized point sources is ongoing. 

3.2.2 PolarBear 

As it is discussed in the report from WP9-6X1, the PolarBear experiment (The PolarBear
Collaboration, arXiv:1705.02907, submitted to the Astrophysical Journal) has just completed
the  analysis  of  two  years  of  data.  The  extraction  of  the  lensing  signal,  and  the  cross-
correlation with existing catalogues of surveys, is in progress. 
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