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E/B modes in real space
w/ Aditya Rotti (FSU→Manchester)

https://arxiv.org/abs/1807.11940

Green's functions and convolutions
Custom, compact kernels...
E/B-like maps (with recovery of Cl)
Intuition for polarized structures
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Polarized Filament

The gradients of polariza2on arising from dust and synchrotron is parallel to the direc2on of
polariza2on from these types of emission (by A. Lazarian, UW-Madison)

Prove that foregrounds arise from MHD turbulence is in Kandel, AL & Pogosyan 2018 (compare to Caldwel et al. 2017).
Prove that for turbulence the gradients of polariza?on and polariza?on direc?on are paralllel is in AL & Yuen 2018 .
Combined this provides a way to discriminate between foreground polariza?on and that from CMB.
:
Measure
Results in
Kandel, AL &
Pogosyan
2018):

Synchrotron B/E ra?o

observed
value
0. 35

Required MA

Dominant MHD modes

<0.5

mixture of Alfven and slow modes

<0.5

mixture of Alfven and slow modes

Polarized dust B/E ra?o

0. 5

Synchrotron TE correla?on

posi?ve

no limita?on

Polarized dust TE correla?on

posi?ve

no limita?on

anything
slow>fast modes, no n-B correla?on

The spectral index of dust polariza?on ﬂuctua?ons can arise from changes of emissivity along the line of sight
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Modeling Polarized Galactic Foregrounds for CMB Missions
FG
(a) TIGRESS simulation
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NERSC

(b) Synthetic Dust Polarization Map
Radiation Transfer
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Dust SED
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(c) Synthetic Synchrotron Polarization Map
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Multi-scale Galactic MHD
simulations of the ISM →3D dust
and synchrotron models:
Simulations capture:
●
LOS effects (decorrelation)
●
non-Gaussianity
●
small scales below noise level of
current observations
Informs:
●
testing B-mode component
separation algorithms (inflation)
●
Non-Gaussian foreground
residuals affecting delensing.

Synchrotron SED

Synthetic time-ordered observations: add MHD-based models to PySM, couple to TOAST
framework in HPC environment; distribute to community through NERSC.
Sky
Modeling

Sky:
CMB
Foregrounds

Instrument
Simulation
(Noise, Systematics)

Instrument:
Optics
Electronics

Sky
Simulation
(CMB, Foregrounds)

Observation:
Scan
Environment

Environment
Simulation
(Atmosphere, Ground)

Combination

Raw
Detector
Timelines

Pre-Processing
Pre-Processing
Pre-Processing

Clean
Detector
Clean
Timelines
Detector
Clean
Timelines
Detector
Timelines

Map-Making
Map-Making
Map-Making

Frequency
Maps
Frequency
Maps
Frequency
Maps

Mission
Modeling

Ben Thorne, Princeton / Oxford, S4 Fireslide

Cross-correlations with CMB data
Eric Baxter, University of Pennsylvania

CMB lensing x galaxy surveys:
Cosmological parameters
(e.g. DES x CMB lensing,
Baxter et al. arxiv:1802.05257)

Compton-y x galaxy surveys:
Gas physics
(e.g. SDSS x Planck y-map,
Hill, Baxter et al. arxiv:1706.03753)

Temperature maps x stars:
Exo-solar Oort clouds
(Planck 545 GHz x Gaia,
Baxter, Blake, Jain arxiv:1808.00415)

Catastrophic photo-z errors and X-correlations
Catastrophic redshift errors
can contaminate fNL signal in
S4 Lensing X LSST Clustering

Galaxies contributing to i-th
tomographic bin are with prob.
ferr from elsewhere, and with
prob. 1-ferr from correct redshift

Assume a simple (idealized!)
parameterization of
catastrophic error probability

New Section 8 in MS & Seljak (2018)
Mishra-Sharma, Alonso & Dunkley (2018)
Byeonghee Yu+ (in prep)

dn/dz

=> Observable power spectra
can constrain error rate of
each tomographic redshift bin
so fNL is not degraded

p=ferr

p=
1-ferr

z
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INTRODUCTION

3

Though the cosmic microwave background (CMB) has already provided us with remarkable insights into the properties of our universe, a wealth of cosmological information
still remains to be extracted from the polarisation of the
CMB. In particular, the CMB B-mode polarisation signal
contains much information about weak lensing (e.g. Hirata
& Seljak 2003) and inflationary gravitational waves (IGWs)
(e.g. Kamionkowski et al. 1997). As direct predictions of
many of the simplest models of inflation, B-mode signals induced by IGWs allow physics to be probed at the highest
energy scales and are thus of great interest to the fundamental physics community.
The amplitude of any IGW B-modes is expected to be
small given current limits, with r < 0.07 at 95% confidence
(BICEP2 Collaboration 2016). Therefore, precise techniques
are likely required to distinguish between these primordial IGW B-modes and galactic foreground B-modes, which
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Though the cosmic microwave background (CMB) has already provided us with remarkable insights into the properties of our universe, a wealth of cosmological information
still remains to be extracted from the polarisation of the
CMB. In particular, the CMB B-mode polarisation signal

are typically much larger. At large angular scale, the main
source of polarised CMB foregrounds is di↵use synchotron
emission (at a CMB frequency ⌫ . 100 GHz) and thermal
dust emission (at higher ⌫) (Planck Collaboration X 2016;
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infrared emission of Galactic dust grains (including silicates,
polycyclic aromatic hydrocarbons and carbonaceous grains)
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are typically much larger. At large angular scale, the
source of polarised CMB foregrounds is di↵use synch
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infrared emission of Galactic dust grains (including sili
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which are heated by optical photons (Draine 2011; T
et al. 2017). This emission is polarised due to the prefer
alignment of spinning aspherical grains’ rotation axes
the Galactic magnetic field (GMF), giving contributio
both CMB E- and B-modes (Draine & Fraisse 2009).
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High-Resolution Galactic Polarimetry with BLAST-TNG
Nathan Lourie

• Submillimeter Mapping Experiment
• 3000 cryogenically-cooled detectors
• Bands at 250, 350, 500 µm
à Lourie et al, 2018 (arxiv: 1808.08489)
• 2.5 m aperture on-axis Cassegrain telescope
àLourie et al, 2018 (arxiv:1808.08597)
• Long duration balloon payload
• 28 day flight from McMurdo
• December 2018 launch!
à Call for proposals open until Sept 21, 2018: http://sites.northwestern.edu/blast/

arXiv:1804.10180

Probing Decoupling in Dark Sectors
Marilena Loverde w/Gongjun Choi (now at SJTU), Chi-Ting Chiang (now at BNL)
Relativistic degrees of freedom (extra Neﬀ) aﬀect CMB diﬀerently, depending on when they
decouple

earlier

later

fractional error on
dark decoupling z

fractional error on
dark decoupling z

If dark sector decouples at 2000 ≾ zdec ≾ 20,000 angular size of horizon at decoupling is in observable 𝓁-range
Can potentially constrain dark radiation energy density AND decoupling time (and therefore properties of stuff in dark sector)

zdecoupling

error on ΔNeff

(see also nice
related work by Joel,
Francis-Yan, et al)

Q&A

