PANIPHAE

Through the veil of dust to inflation

Konstantinos Tassis

University of Crete

[TANEITIZTHMIO KPHTHX

P
VAN
R, UNIVERSITY OF CRETE

>
N \ "th
AN

\\misyd

Foundation for Research and Technology — Hellas

INSTITUTE OF ASTROPHYSICS



The PASIPHAE Collaboration

UNIVERSITY I AVA
OF CRETE ue

Our Sponsors

&

National

0go0® IAPYMA ZTAYPOZ NIAPXOZX

e '.':.‘.', STAVROS NIARCHOS InmS Research
R FOUNDATION Foundation RF Foundation

European Research Council

Established by the European Commission



The Problem

Magnetized Galactic dust also emits polarized microwaves
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“Map & Subtract” cannot work with

nolarization

Polarization ROTATES between frequencies
because of multiple clouds and misaligned B-fields
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“Map & Subtract” cannot work with

nolarization

Polarization ROTATES between frequencies
because of multiple clouds and misaligned B-fields
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Tassis & Pavlidou 2015

frequency decorrelation most unconstrained effect

Planck Collaboration L 2017, Poh & Dodelson 2017, Hensley & Bull 2017, Puglisi et al 2017,
Martizez-Solaeche et al. 2017, Planck Collaboration XXX 2016, Planck 2018 results. XI.,
BeyondPlanck XIV. 2021, Mangilli et al. 2021, etc.



LOS Decorrelation in Planck data

21cm data to the rescue!

« # of clouds along the los
(Panopoulou & Lenz 2020)

» direction of B-field from

morphology of H clouds
(Clark & Hensley 2019)

Control = 1 cloud = no LOS decorrelation expected
- multiple clouds + missalighed = LOS decorrelation expected
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LOS Decorrelation in Planck data

North

Control = 1 cloud = no LOS decorrelation expected
= multiple clouds + missaligned = LOS decorrelation expected



LOS Decorrelation in Planck data
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LOS Decorrelation in Planck data
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The Solution: 3D Magnetic Tomography

Use stars of known distances as lamp posts

Measure stellar polarization M, My
v get B direction in different clouds [ [
v" measure and model out 3D effects
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The Solution: 3D Magnetic Tomography

Use stars of known distances as lamp posts

Measure stellar polarization M, Mg
v get B direction in different clouds *_ | | 8
v" measure and model out 3D effects
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PASIPHAE optopolarimetric survey

Skinakas Observatory, Crete, Greece

PASIPHAE survey sites

SAAQ, Sutherland, South Africa




The PASIPHAE survey:

» Will observe all stars with Rmag <16

» Will deliver mean polarization down to 0.1% at 3o for 0.25
deg? pixels

» Survey rate: 8 deg?/night (Skinakas 1.3m ) -- 7 deg? /night
(SAAO1.0 m) assuming 70% efficiency

» ~ 1,500 deg? / yr



PASIPHAE optopolarimetric survey

Measure polarization of several million stars
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PASIPHAE optopolarimetric survey

Measure polarization of several million stars
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WALOPs: the PASIPHAE polarimeters

WALOP - S WALOP - N

Wide Area Linear Optical Polarimeter (WALOP)

* Innovative and well-tested technology of RoboPol
* Implements low-systematics design in a wide field
« Commissioning by the end of the year



Polarization Systematics
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Tomography
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Improving CMB foreground subtraction

Is polarization due to absorption
predictive of emission polarization?
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Planck Intermediate results XXI (2015)

v" Now: modified-black-body model is fitted in each pixel (using e.g. Planck
data)

v With PASIPHAE: fit one modified-black-body model for each cloud, using:
B-field direction from PASIPHAE/Gaia + Planck data (T)
+ cloud edges, column density from all-sky HI surveys



Getting the value of the B-field

Without Alfvén waves With Alfvén waves
(Btot = Bo) (Biot = By + 0B)
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MHD waves — Alfvén waves

Standing waves Traveling waves
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Credit: H. Spruit
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DCF method - quantitatively

Magnetic energy density
B _ 1[BZ+26 +(6B?]
8r  8m -0 N

Alfvén waves transverse:
0B1LBy= 6B - By =0
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Energy Balance
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Contamination from compressible modes

« Alfvén waves are coupled with the compressible modes
Heyvaerts & Priest 1983

« Diffuse ISM clouds are highly compressible with Mg ~ 3
Heiles & Troland 2003

« Compressible modes contribute in dv and 6B /B,
Cho & Lazarian 2002

PRI
*, _’!

fs -'?“'.:

CSeed 0,

2,

h)
_

Credit: H. Spruit



Our method

Alfvénic turbulence

« Magnetic field vector

« Alfvén waves transverse
Goldreich & Sridhar 1995

6B L By = 6B - By(=)0

 Magnetic energy density

B 1
o = o5+ 2P + 05

36

Compressible turbulence

 Magnetic field vector

« Compressible wave poroperties

Bhattacharjee & Hameiri (1988), Bhattacharjee et al.
(1998)

8p < 8B - By = 6B - By(#)

 Magnetic energy density

B2 1~ )
— 8n[BO+26B- By +(6B7]
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Our method

Alfvénic turbulence Compressible turbulence
1 2 632 l 2 OB BO
2PV = POV =
_ . |oB ! 268"

VA,O = 0V BO VA,O = 0V BO

Davis 1951, Chandrasekhar & Fermi 1953 Skalidis & Tassis 2021
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Comparison between the different methods
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Wider Impact

 3-D Tomographic Map of Galactic B-field: :=

v What is the origin of Galactic B-field? Liif
v Is the B-field dynamically importantin
interstellar clouds? I.

v" Where are ultra-high-energy cosmic rays
coming from?

credit: Ntormousi et al. 2020



Wider Impact

 3-D Tomographic Map of Galactic B-field: :=

v" What is the origin of Galactic B-field?

v" Is the B-field dynamically important in
interstellar clouds?

v" Where are ultra-high-energy cosmic rays
coming from?

credit: Ntormousi et al. 2020

* Polarimetric Database

v Stellar Astrophysics
v High-energy astrophysics

credit: McSwain 2014
credit: Pavidou 2015




More Information

* PASIPHAE WP on arXiv: 1810.05652 :
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More Information

* Nature Astronomy Mission Control:

News & Comment >

Editorial Pushing the limits of discovery

17 May 2021 Be it neutrinos, ultra-high-energy photons or gravitational waves, new cosmic messengers have expanded the available discovery space of astronomy by
exploring previously inaccessible astrophysical environments.

Mission Control Lifting the dusty veil over inflation

17 May 2021 Two novel imaging polarimeters are being installed on two 1-m-class telescopes in order to examine dust foregrounds
in cosmic microwave background studies as part of the PASIPHAE survey.

A. Ramaprakash, A. C. S. Readhead & K. Tassis

Research Highlight The oxygen bait
11 May 2021 Luca Maltagliati



More Information

* http://pasiphae.science :

% P A%I P H A E HOME INSTRUMENTS TEAM SCIENCE NEWS JOBS LINKS
% through the veil of dust to inflation

Hunt for the signature of the
first moments of the Universe
just got more complicated 250 GHz

350 GHz

POLAR-AREAS STELLAR IMAGING IN POLARIZATION HIGH-
ACCURACY EXPERIMENT
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