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sensitive
Wondertful tool for studies of the polarized interstellar medium (ISM)
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Polarized emission from the ISM

g

e Thermal dust emission

e ey | T e S * Frequencies = 100 GHz
30 44 70 100 143 217 353 ] e Polarization fractions up to ~20 % (Planck

Int. XIX, Planck XII 2018)
* Spectral energy distribution (SED) usually

10°

described as a (MBB)
_ B,(v,T,) ( v >
= S, q=A44€5(v, [, = A
vd = Adé€ql ) B va T \va

* Synchrotron radiation
* Frequencies < 100 GHz
* Polarization fractions up to ~10 % (Kogut et

10"

Rms brightness temperature [UK ]

B » al. 2007)
:—‘ VAL L. 1 1 11 LJ 1 L d. 1 1 | () (| l : * Canonlcal SED: (PL)
10 30 100 300 1000 S,
Adapted from Planck X 2015 Frequency [GHZ] SV,S — ASES (V, ) — AS (V_>
S
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Polarized emission from the ISM

g

* The of Galactic emission are expected to governing
the ISM

e What one observes 1s an
e along the line of sight
e within the beam

* Dust and synchrotron emission laws are non-linear =

S
2.2
2.0
1.8

1.6

- m A1eq(v, By, T1) + A_ZEQ(V; B2, T,)
* Aca(v,B.T)

Planck X1 2013
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Motivations

g
* The last CMB experiment observing the microwave sky from space, , has
revolutionized our understanding of the early universe but also of the ISM of the Milky
Way ( )
* All millimeter measurements were of thermal dust

and synchrotron emission (e.g., Planck XI 2018),

* In polarization, Planck was while LiteBIRD 1s designed to
accurately control them
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Motivations

g

Objective of this work (Vinzl et al. 2026, soon on arXiv):

Assess LiteBIRD’s ability to
* 1mprove our current constraints on the dust and synchrotron

* detect and model across the three dimensions of the
Galaxy

* We perform a to focus on of the emission
in the (excluding the Galactic plane)
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Simulating Lite BIRD full-sky maps

40 GHz

MKcms

Maps contain dust, synchrotron, CMB and realistic LiteBIRD noise simulations
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Simulating Lite BIRD full-sky maps

*  We simulate using the Python Sky Model (PySM; Thorne et al. 2017, Zonca et al.
2021, PanEx GS Group 2025)

Low
(d9s4)

149
e 'g/"“ g '

- 2

Medium
High |

6 layers of spatially varying g4, Tq = Svnchrotron
(d1257) y varying g, Ty ,
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Angular power spectrum analysis

-~
. from Monte-Carlo realizations of CMB and noise, composed of
in of width A? = 10
e Spectral model:
Co(vi X v;) = CeMB(v; xvj) + F{EIUSt(vi X Vj)J + ?;ync(vi X Vj)J + gqutxsynC(vi X v;)
 The during the fitting process, only included in the covariance
* Planck data are consistent with a of the dust and synchrotron amplitudes (Planck Int. XXX)

£ aq,s
Afd,s =A0d,s f_O

First step: check this assumption for LiteBIRD!
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Angular power spectrum analysis

g

40 GHz 402 GHz

HKcme

MKcms

*  We restrict our analysis to , considering 70 % of the sky, masking the Galactic plane
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Angular power spectrum analysis

g

40 GHz

MKcms

*  We restrict our analysis to , considering 70 % of the sky, masking the Galactic plane

* Let’s start from the Galactic emission model (d9s4, spatially constant spectral parameters)
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Angular power spectrum analysis

—
- 40 GHz 402 GHz -
¢ ¢  Simulated data -
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= In the following, we fit

Multipole /¢

in each multipole bin
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LiteBIRD’s constraining power in B modes

g
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LiteBIRD will considerably
on all the parameters with respect
to Planck

Constraints on the dust temperature from the
polarized SED were
(worse frequency coverage in polarization,
spectral resolution and sensitivity)

* LiteBIRD: 15 bands (40-402 GHz)

* Planck: 7 bands (30-353 GHz)

Similar improvements in £ modes
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g

e of dust and synchrotron
- % T emission as a function of angular scale
0.4F I -
- | » These two processes
0.2\ A . . .
e | | = highly correlated on large
5 [ /N - Pt ey R W scales (Planck XI 2018
ng 0.0F------ E .......... %_% %%.&? ........ I {,..,_.+ ( )
0.2+ | - 1 at multipoles
- 4 Planck . 1 £ = 50, as synchrotron amplitude was
—04r ¢ LiteBIRD | |1  measured to be consistent with zero

00 40 60 30 100 120
* Tight constraints with LiteBIRD
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Distortions of the SED

Planck LiteBIRD
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e LiteBIRD data , even 1f individual clouds emit as
a perfect MBB
* SED distortions due to along and across lines of sight (within pixels, beam, harmonic space)
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Distortions of the SED

Planck TN L.it.e.BlR.D. |
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e LiteBIRD data , even 1f individual clouds emit as
a perfect MBB
* SED distortions due to along and across lines of sight (within pixels, beam, harmonic space)
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Polarized mixing and E/B-discrepancies

g

* When computing angular power spectra, we
average several regions of the sky presenting

* The spectral behavior may therefore
(Vacher et al. 2023b),
especially at large scales where the mixing 1s :

%

the most important =
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Polarized mixing and E/B-discrepancies

g

—1.28 £210.30

* When computing angular power spectra, we
average several regions of the sky presenting

0.0974 £ 0.0087

 The spectral behavior may therefore o3
(Vacher et al. 2023b), <

especially at large scales where the mixing is e ; 0.084 = 0.037
the most important = w2 | |
| | oaf - -
* Differences are also expected with 77T power e L O
spectra ( ) AT, AB, AB,
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Moment expansion to model SED distortions

g

Idea: model the SED distortions by around pivot values of the
spectral parameters (Chluba et al. 2017, generalized to polarization in Vacher et al. 2023a,
applied to cross-C, by Mangilli et al. 2021, Azzoni et al. 2021, Vacher et al. 2022)

. T n_ T aEd aEd
Sv,d(:Bd ) Td ) = AdEd(V; ,Bd, Td) ~+ ﬁ o ~+ a(]_/T ) B + ...
41BaTa 4184 Ta
Using this formalism, one can compute for the £-dependence of

the spectral parameters from the maps of f4, T4 and [ input in the simulations

One can also with moments to account for the spectral mixing
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Moment expansion to model SED distortions

g
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* Moment expansion allows the

reduced y? to be
at all angular scales

It also allows to

in the
spectral parameters due to
polarized mixing

This effect has only been
when keeping in the analysis
, Where the mixing is more

important (Ritacco et al. 2023).
With LiteBIRD:
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Summary

g

* With its increased frequency coverage, number of bands and sensitivity with respect to
Planck, LiteBIRD will be able

* [t will be able to
, by detecting deviations from the widely used dust
MBB and synchrotron PL emission laws

* LiteBIRD will also be able to between the SEDs 1n intensity, £ modes
and B modes,

 Moment expansion 1s the to model these effects, and will play a key
role in the data analysis of future high sensitivity CMB experiments
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