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Outline
● CMB Synergy: Large Scale Structure 

– Observables 

– Forecasts from Euclid, eROSITA, S4

– Synergies with LSS & the CMB Roadmap 

● CMB Synergy: Multi-Probe, Multi-Frequency Dataset Combinations  

– B-modes from Diffuse Polarized Foregrounds 

– Low Frequencies: Combination of S-PASS and Planck 

– Conclusions and link to next talks 



CMB Synergy: 
Large Scale Structure

Material from
Euclid Consortium & Redbook, arxiv 1110.3193
Nabila Aghanim for the CMBXC Working Group

eROSITA Science Book, arxiv 1209.3114
Simons Observatory Paper, arxiv 1808.07445

CMB-S4 Science Book, arxiv 1610.02743



CMBXC observables
Large Scales (degree & super-degree): 
Integrated Sachs-Wolfe (iSW) CMB 
temperature changes while crossing 
evolving structures

Planck detection of tSZ effect A2318 Intermediate Scales (arcminute-degree): 
CMB Lensing deflection by cosmological structures
Sunyaev-Zel’dovich (tSZ) by hot gas in LSS and 
Doppler (kSZ) 
Cosmic Infrared Background (CIB) from high-z 
galaxies
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The promise of CMB lensing
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CMB last scattering
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The promise of CMB lensing

Dark energy matter equivalence

CMB last scattering
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CMB lensing recording expansion and 
clustering at the onset of acceleration
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Forecasts on Euclid Planck combination: 
dark energy equation of state and modifed gravity

Euclid Red Book



 X-rays & CMB

eROSITA, CMB-S4 Science Books



Bianchini et al., 2015, 2016

Planck χ Herschel
Tomography and Bias evolution



Detections & Forecasts on 
Cross-Correlation

 Bias independent measurements of the growth-rate

 Constraints on e.g. modifed gravity 

Bianchini & Reichardt (2018)Peackock & Bilicki (2018)



Name Talk
Giulio 
Fabbian

B-modes external delensing 

Manzotti et al (2017)



CMBXC in the Euclid Consortium

CMBXC Working Group
Nabila Aghanim, CB
About 60 members 

6 WPs including 
Theory and Forecasts 

N-body Simulations
Methods and Likelihood 

8 Science Working Groups

--- Now: Working at 
first sorscrast Paapsr

--- Within 2018: 
Contribution to ths 
Ksy Paapsr Parojscrts 
Dsfinition of 
Additional Scrisncrs

--- 2019 – Launcrh in 
sarly 2020s: maks 
crontacrt and 
agrssmsnts with 
CMB Parobss

--- 7 ysars of data 
analysis Eucrlid Lsad & Board

Operational Units



Simulations for CMBXC
Courtesy S. Hilbert



CMB-N-Body Lensing



CMB-N-Body Lensing

Hilbert et al. 2009, Carbone et al. 2009, Calabrese et al. 2015, Fabbian et al. 2018



CMB-LSS Synergies in the Roadmap

--- Now: Working at 
first sorscrast Paapsr

--- Within 2018: 
Contribution to ths 
Ksy Paapsr Parojscrts 
Dsfinition of 
Additional Scrisncrs

--- 2019 – Launcrh in 
sarly 2020s: maks 
crontacrt and 
agrssmsnts with 
CMB Parobss

--- 7 ysars of data 
analysis 



CMB Synergy: 
Multi-Probe, Multi-Frequency 

Dataset Combinations 

Based on 
Krachmalnicof et al. 2016,arxiv 1511.00532

Planck 2018 results, XI, arxiv 1801.04945
Krachmalnicof et al. 2018, arxiv 1802.01145

Planck 2018 results IV, arxiv 1807.06208



Diffuse foregrounds and CMB B-modes

Planck 2015, 2018



Diffuse foregrounds and CMB B-modes

Planck 2015, 2018



Polarized Galactic Synchrotron at intermediate and high latitudes

● Spatial distribution of amplitudes: 
○ super-degree 
○ degree 
○ sub-degree 

● SED in poilarization 
● Contamination to CMB B-modes 
● SED break 
● Dust Correlation: 

○ Super-degree
○ degree 
○ Sub-degree 

● de-Correlation
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!



Planck & WMAP Synchrotron

● Fitting Q and U Synchrotron using spectral index 
from intensity

● Neglected components: 
○ anomalous dust emission, expected to be 

less than 1% (Rubino-Martın et al., 2012)
○ polarized COs (Puglisi et al. 2016)

Planck 2015, 2018



Planck & WMAP Synchrotron: dust cross-correlation

Choi & Page 2016, Planck 2018





Radio-Microwave Synergy: S-PASS χ WMAP χ Planck



S-PASS Angular Power Spectra

Krachmalnicof et al. 2018



Radio-Microwave Synergy: S-PASS χ WMAP χ Planck

Krachmalnicof et al. 2018



Synchrotron SED

Krachmalnicof et al. 2018



Synchrotron SED

Krachmalnicof et al. 2018



Synchrotron SED angular power spectrum

Krachmalnicof et al. 2018



S-PASS χ Planck 353 GHz

Krachmalnicof et al. 2018



r
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Krachmalnicof et al. 2018



r
synch at l=80 

at 90 GHz

Krachmalnicof et al. 2016, 2018

Planck & WMAP only, 2016

With S-PASS, 2018



S-PASS χ WMAP χ Planck: 
Synchrotron Contamination across Frequencies 

Krachmalnicof et al. 2018



Krachmalnicof et al. 2018
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Krachmalnicof et al. 2016, 2018

Minimum r
FG 

at l=80

Planck & WMAP only, 2016

With S-PASS, 2018



Krachmalnicof et al. 2018

S-PASS χ WMAP χ Planck: emerging spatial and frequency 
distribution of degree scale B-mode power of Synchrotron



S-PASS χ WMAP χ Planck: emerging spatial and frequency 
distribution of degree scale B-mode power of Synchrotron

Krachmalnicof et al. 2016, 2018



Ongoing EU Synergies at low frequencies: Next Talks 

2.3,   5,        11, 13,    17, 19,     30,      40,    43,                                                              90

radio

quijote

LSPE-STRIP



Conclusions
● The B-modes from Synchrotron are poorly known on degree and sub-degree scales:
● Concerning the SED distribution in polarization, S-PASS χ WMAP χ Planck 

allows to have a first look at that: 

– Indicatations exists of granularity of the spectral index on degree scales

– the angular power spectrum appears to be about 10 times larger than in 
simulations 

● De-correlation is unknown
● Correlation with dust polarization is known to be macroscopic on large angular scales 
● On the degree scale, the observed B-modes from Synchrotron is comparable to dust 

at: 

– 0.05<r
FG

<0.1

– 60<frequency<90 GHz
● More low frequency observations (C-BASS, LSPE-STRIP, QUIJOTE) being 

analyzed/taking data and bringing more information 
● Planning needed ahead for facilities designed to solve the Synchrotron diffuse 

foreground problem for B-mode CMB experiments 
● To the Roadmap! 



BACKUPS



QUIJOTE @ Tenerife

Genova-Santos et al. 2015
iac.es/proyecto/cmb/pages/en/quijote-cmb-experiment
Radioforegrounds.eu
See Flavien’s talk

http://www.iac.es/proyecto/cmb/pages/en/quijote-cmb-experiment


Radio Surveys: S-PASS, C-BASS 

Data analysis in progress, see Jones talk
astro.caltech.edu/cbass

● Analysis for 
○ publication of maps, 
○ CMB contamination 

● are ongoing, 
○ Carretti et al., in preparation 
○ Krachmalnicoff et al., in preparation (next 

talk)



Contamination to CMB B-modes 

K16, Planck 2015, X



Observations till 2020

● Southern Hemisphere 
○ Simlations ingesting current analyses 
○ Measurements by CLASS, Simons Array, 

Simons Observatory 
● Northern hemisphere 

○ QUIJOTE polarized synchrotron maps analyzed 
within RadioForegrounds 

○ LSPE-STRIP being deployed in Tenerife 
○ Combination from Satellite and Ground 

measurements 



Observations till 2020: southern hemisphere

See Krachmalnocoff talk next



LSPE-STRIP

Now deploying in Tenerife
cosmo.fisica.unimi.it/research/lspe



Conclusions

● The B-modes from Synchrotron are poorly known on degree and sub-degree scales 
● SED in polarization is unknown 
● De-correlation is unknown
● Polarization fraction of non-synchrotron components is unknown 
● Correlation with dust polarization is known to be macroscopic on large angular scales 
● On the degree scale, the observed B-modes from Synchrotron is comparable to dust at: 

○ 0.05<rFG<0.1
○ 60<frequency<90

● Given this, 2 synchortron monitoring bands, with S/N>1 till 10 arcminute resolution are a 
minimum requirement for B-mode experiments 

● Obervations in the Radio surveys in the southern hemisphere are being analyzed, several other 
observations (LSPE-STRIP, QUIJOTE) being analyzed/taking data soon in the southern 
hemisphere



CMB halo lensing at galaxy location 

 Mass calibration of galaxies or high-z clusters with CMB lensing

Raghunatan et al (2018)



Name Talk

Upcoming galaxy surveys and CMB lensing

 CMB lensing entering in the 
high-precision era with ground 
based facilities 

 New galaxy surveys will measure 
accurately the matter distribution:
 LSST: ground-based, 20.000 

deg2, z~0.5 
 Euclid: 1.5 billion galaxies 

from space, z~2
 Cross-correlation : less 

instrumental systematics, better 
cosmology:
 astrophysical systematics to 

be understood
 realistic physical modeling 

and simulations for both 
observables 

Euclid

LSST
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Simons Array

CMB-S4
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