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Introduction

About me :

e M1 Student at ENS - PSL
(Physics Dept.)

e 4 months internship at Kavli
IPMU with Baptiste Jost

e Going into a Astroparticle -
Cosmology M2 next year
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Introduction

About me : About the Internship :

e Adapting the MEGATOP
pipeline (created for SO) to the
NPIPE simulations (but the final
goal is to work on the real maps)

o M1 Student at ENS - PSL e Goal : infer the tensor-to-scalar

(Physics Dept.) ratio r and the cosmic

birefringence (3 from polarized

e 4 months internship at Kavli
maps.

IPMU with Baptiste Jost

e Going into a Astroparticle -
Cosmology M2 next year
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Probing New Physics

e ACDM model works but doesn't explain everything

e Cosmic Inflation = solves some issues and predicts primordial GW and tensorial
perturbations

< Those are related to the generation of primordial B-modes

e One way to characterize their amplitude is with r = ﬂ—ﬁs (current upper bound:
r < 0.032 (M. Tristram et al. 2022))
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Probing New Physics

e ACDM model works but doesn't explain everything

e Cosmic Inflation = solves some issues and predicts primordial GW and tensorial
perturbations

< Those are related to the generation of primordial B-modes

e One way to characterize their amplitude is with r = ;‘—: (current upper bound:
r < 0.032 (M. Tristram et al. 2022))

e E-modes are parity even and B-modes are parity odd
= CFB = 0 (Standard Cosmology)

e New physics beyond the SM can induce parity violation
which can be detected via non-zero EB component

e Axionlike field ¢ (CS coupling to EM field) = Birefringent
Universe

Credits : Y. Minami

< Rotation of the polarization plane by 8 = %(qﬁobs — em)
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Components and Systematics Effects
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Data Model

An observed pixel can be written as:

dp = Apsp +np
Q QeMe
U ycmB
. Q¢
: v
an Qs
Un U
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Data Model

A, is the mixing matrix :
d s
1 Al Al
A, = |: : : n¢ @ number of frequencies
d s
1 AL AL
3 sky components

It encodes the frequency dependance of each component:

— 1 ,
30 44 70 100 143 217 353

10°

10

Dust : Modified Black Body (84, T4)
Synchrotron : Power Law (s)

Rms polarization amplitude [uK]

100 '
Frequency [GHz]

Source : Planck Collaboration 2018
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Spectral Likelihood

To estimate, {f4, Ta, Bs} = {0i}, we use the spectral likelihood Lqpec
(Stompor et al. 2009) given by:

—2nLapec({0}) = — (ATN_ld) ! (ATN_lA) ATNd 4 cst

Leading to an estimation {f;}:

AP =Ap({éi})
§, =(A"N!A)'ATN"d
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CMB Spectra

From our cleaned maps, we can recover the spectra:

EE,o EB,o
CZ CE

cobs _
e — CEB,O CBB,O
4 14
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CMB Spectra

From our cleaned maps, we can recover the spectra:

EE,o EB,o
CZ CZ

cobs _
[ CEB,o CBB,o
4 14

and we can model the angular power spectra of the CMB with {r, 3, Ajens } as:

EE ,prim

CICMB,th = R(,B) (Cl 0 ) R_I(B)

BB, prim BB, lens
0 r C, P + Alens C/

where R(3) is a 2x2 rotation matrix.
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Cosmological Likelihood

By implementing the recovered noise spectra, we have:

del CMB, th
c;no ¢ = C/ + NI

And this equation can be extended considering some residual components:

model CMB,th dust synch
Cl = C[ + N, + Adustcl + Asynchc/
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Cosmological Likelihood

By implementing the recovered noise spectra, we have:

del CMB,th
C;no ¢ = C/ +N,

And this equation can be extended considering some residual components:

model CMB,th dust synch
cl = c[ + N, + Adustcl + Asynchc/

We can infer the cosmological parameters via the cosmological likelihood:

_2ln£cosmo(r7 ﬂa Alens) - Z(2I + 1)fsky ((CrOdel)_ICfbs + ln(det(Cf""de’)))
I
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NPIPE Simulations

e 600 sets of polzarized maps for each frequencies (Sky and Residual Noise
maps)

e Maps with nside = 256 or 1024/2048
e 7 frequency channels used : 30, 44, 70, 100, 143, 217 and 353 GHz

o Effective beams:

Frequency [GHz] | 30 | 44 | 70 | 100 | 143 | 217 | 353
FWHM J[arcmin] | 32.3 | 27 | 13.3 | 9.7 | 7.2 5 4.8

353GHz -1 353 GHz - O 353 GHz-U
.’ . - v
— |
0.00035 ol 00001 005 000 cons

One set of NPIPE simulations at 353 GHz.
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Pre-processing

e Beams: All the maps will be put to a common beam (chosen at 35
arcmin) , so we can get rid of the frequency-dependent beam B,.
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Pre-processing

e Beams: All the maps will be put to a common beam (chosen at 35
arcmin) , so we can get rid of the frequency-dependent beam B,.

e Masking: Removing the galactic emission with a galactic mask:

fsky = 0.70
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Pipeline

Noise maps Frequency maps Input

| Pipeline Step
Pre-processing Pre-processing _

Noise Covariance

Component Separation

== ==

N, Estimation C; Estimation

Theoretical CMB \ / Priors

Cosmological Likelihood —-
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Type of config used

o PySM sky realization o PySM sky realization e NPIPE sky simulations
(*d0=0" and “d1s1) (*dos07) o NPIPE residual noise
e White Noise maps (noise o NPIPE residual noise maps
ot tinared o, o vide 250 02
maps)
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Type of config used

o PySM sky realization o PySM sky realization e NPIPE sky simulations
(*d0=0" and “d1s1) (*dos07) e NPIPE residual noise

e White Noise maps (noise o NPIPE residual noise maps
level estlm.ated fro.m maps o nside — 256 or 1024
NPIPE residual noise
maps)

For the Config 1:

™ € Residual Noise 55 Residual Noise.
— owem — oem — oo
- o B — oma
— ooom —onow [ W — omoom
10 e e — 1o0cme
—aem —aem o
o o o
o o o
e 10 ey
10 \\
e 10
107
-
10 =X 10
2076 — Simuaton . — Simuiton e —— — Simuiton S ————
ote Estimation Wote Estimation Wote Estimation
e i3 ta e i3 ta gt i3 ta
' ' '
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Config 1 - White Noise + d0s0

Config :

e 100 "d0s0" sky realization: | By = 1.54, Ty=20K, f, =—3|

e 2000 white noise maps
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Config 1 - White Noise + d0s0

Config :

e 100 "d0s0" sky realization: | By = 1.54, Ty=20K, f, =—3|

e 2000 white noise maps

Spectral indices:

Boum= 1,542 0.01826 Dust. temp = 18,954 = 075228 Bugne = —3.000 £ 001098
1 it 5
1
a
®
B
] £ s g
5, ; 3,
s
s
z
| 2 H H
o1l . [
150 152 154 136 1% ® 2w A = e g
B Dusttemp
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Config 1 - White Noise + d0s0

Components Maps:

cm

t compsep Q

4.8039 a11274 513293 450338

Dust post compsep Q Dust post compsep U

62,0534 513982 732086 75.6756

Sync post compsep Q Sync post compsep U

154105 0979213 113752 397615
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Config 1 - White Noise + d0s0

Spectra:

CMB EE spectra CMB BB spectra
Estimated CMB EE (noisy) Estimated CMB BB (noisy)
=== CMB EE model + mean noise ABS(Estimated CMB BB (noisy))
1074 — Mean noise EE ex10-¢ CMB BB model + mean noise
= Wean noise 88
6x 107 ax10-
& %
ax10¢ sx10-
3x107*
2x10¢
2x10
107 107
. '
1e-5 CMB EE spectra difference to model 1e-5 CMB BB spectra difference to model
8 Estimated CMB EE noise debiased - model o Estimated CMB B8 noise debiased - model
~F- Mean and stddev of CMB EE noise debiased - model ~F~ Mean and stddev of CMB BB noise debiased - model
.
- <CMB EE nose debiased> - model =(C, + (M) e —F~ <CMB B8 noise debiased> - model £(C, + Ny ez
. B
2 2
& 3
ol 5
0
-
" =
-
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107 107
' .
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Config 1 - White Noise + d0s0

mcmc results:

0.028 + 0.040

100£0.48 Final estimation:

r = 0.0003 £ 0.0359
Alens = 1.1918 £ 0.4302

0.013 £ 0.056
o B = 0.0040 £ 0.0564
g ol
&
E w
4
B
B ] o1 o 1 ] i1 oe o1 o2
r A Birefringence

Camille Gubeno - ENS PSL 16 Challenge at the CMB Frontier



Impact of the number of (white) noise simulations

Done with a fix number (100) of "d0s0" sky realization

Value of r Value of Ajens
=0
Uchainseplans = O(chain) s
(hain)seplsins  (G(€haiNeslsins hain)sephsins % (O(chain
00s E s (0(chain)e). Ls 3 Gcnain), (otchai
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Camille Gubeno - ENS PSL 17 Challenge at the CMB Frontier



Config 2 - White noise + dlsl

Config:

e 100 "d1sl" sky realization
e 600 white noise maps

e Galactic mask
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Config 2 - White noise + dlsl

Config:

e 100 "d1sl" sky realization
e 600 white noise maps

e Galactic mask

Spectral indices:

Pawst=1501+0.04170 Dust. temp = 18533 = 1 46474 Beme==2.009 + 0.02120
1 & 74
i o =
5 54
4
a3 2 a4
£ E E
8 §2 g
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z 24
1 _ H 1 H i [—|
o L o
155 160 165 L70 16 13 20 -3.06 -3104 -3.02 -3.00 -Z.98
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Config 2 - White Noise + dl1sl

Spectra:

CMB BB spectra

CMB EE spectra
Estmated CHB E€ (nsy) Estimated CHE B8 (norsy)
- CMB EE model + mean noise ABS(Estmated CHB 50 (noisy)
1077 | — Mean noise EE 6x107" ‘CMB BB model + mean noise
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W W
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'
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Config 2 - White Noise + dl1sl

mcmc results: ——_—
*
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Config 2 - White Noise + dl1sl

mcmc results:

' LA e P —0.0046+0.0873

| = 0.0526 + 0.0453
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Config 3 - NPIPE noise + d0s0

Config:
e 100 "d0s0" sky realization: | By =154, Ty=20K, f,=-3|
e 100 NPIPE residual noise maps

e Galactic mask : fsky = 0.7
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Config 3 - NPIPE noise + d0s0

Config:

e 100 "d0s0" sky realization: |ﬁd =154, T,=20K, fs= —3|
e 100 NPIPE residual noise maps

e Galactic mask : fsky = 0.7

Spectral indices:

Buse=1547 = 013879 Dust. temp = 209498 + 650232 ﬂ;,m: ==3.042 + 006039
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Config 3 - NPIPE noise + d0s0

mcmc results:

0.032 + 0.058

1.02 £0.57 Final estimation:

r = 0.0062 £ 0.0607
Alens = 1.0216 £ 0.5419

Apens

-1 0.003 £ 0.069

X 8 = —0.0009 + 0.0711
g oL
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5 [ ]
% -01

-0z

-1 on ni 53 -1 n 1 2 1 92 -01 90 01 92
r A Birefringence
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Impact of the number of noise simulations

Done with a fix number (100) of "d0s0" sky realization
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Config 4 - downgraded NPIPE

Config :

e 100 NPIPE simulations (nside 256)
e 100 NPIPE residual noise maps (nside 256)
e Galactic mask : fsky = 0.7
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Config 4 - downgraded NPIPE

Config :

e 100 NPIPE simulations (nside 256)
e 100 NPIPE residual noise maps (nside 256)
e Galactic mask : fsky = 0.7

Spectral indices:

Base = 2368 = 0.08410 Dust. temp = 7.922 = 0.46896 fome=—3.843 £ 0.07273
12 10
12
104
5 [
8
1 ]
# 2 '
£ £ £
g r 86 &
&
4 4

it N il n

232 23 24 25 s IO 15 8.0 8.3 8.0 L83 —4.0 -39 —31.B -7
ot Dusttemp Bome
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Config 4 - downgraded NPIPE

mcmc results:

0.07x0.11

1032056

Final estimation:

—0.017 +0.055 r =0.0203 £+ 0.1023
Alens = 0.7011 £ 0.5115
B = —0.0275 4+ 0.0525

0.035 + 0.019 Adust = 0.0331 £ 0.0192

age 085 0
Acar
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Config 5 - Full resolution NPIPE

Config :

e 100 NPIPE simulations (nside 1024)
e 100 NPIPE residual noise maps (nside 1024)
e Galactic mask : fsky = 0.7
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Config 5 - Full resolution NPIPE

Config :

e 100 NPIPE simulations (nside 1024)
e 100 NPIPE residual noise maps (nside 1024)
e Galactic mask : fsky = 0.7

Spectral indices:

Bt = 2377 £ 008135 Dust. temp = 7.868 = 0.43861 flzme == 3830 = 0.07706
" 1 1
a B
8
£ £ £ &
g, § 8
[ 4
2
2 2
: L, ﬂﬂ H I
23 24 25 26 1.0 R A ) ao asn .0 -3.5 -3.8 =37 -26
Bt Dust.temp
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Config 5 - Full resolution NPIPE

Spectra:

CMB EE spectra CMB BB spectra
Estimated CMB EE (noisy) Estimated CMB BB (noisy)
10-3 | === CMB EE model + mean noise \ ABS(Estimated CMB B8 (noisy)
— Mean noise EE \ - B8 model + mean noise
3x10 — Mean noise B8,
6x10
G T
ax10
3x10 2x107¢
2x10 \__/’/
100 100
1 ]
CMB EE spectra difference to model CMB BB spectra difference to model
Estimated CMB EE noise debiased - model 0.00012 Estimated CMB BB noise debiased - model
—E- Mean and stddev of CMB EE noise debiased - madel —E- Mean and stddev of CMB BB noise debiased - model
0.00010 —E- <CMB EE noise debiased - model (G + (V) e ars 0.00010 —E- <CMB BB noise debiased> - model +(Ci-+ N/ i
\
©.00008
0.00005
0.00006
ko T
0.00004
0.00000
0.00002
-0.00005 0.00000
~0.00002
100 100
i 1
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Config 5 - Full resolution NPIPE

mcmc results:

0.07x0.11

1032056

Final estimation:

—0.017 +0.055 r = 0.0831 £ 0.0822
Alens = 0.6901 £ 0.3863
B = —0.0224 4+ 0.0509

0.035 + 0.019 Adgust = 0.0122 £ 0.0179

age 085 0
Acar
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Conclusion and Future Implementations

What we achieved:

e Successful application of FGBuster (parametric component separation) on
NPIPE simulations.

e Estimation of r and 3 consistent with zero
Next Steps:

e Implementation of the polarization angle for each frequency channel at the
component separation step (Jost et al. 2023)

e Exploration of the multi-patches version of FGBuster

e Using the detector-set splits A and B to get rid of the noise bias

— Adapting the pipeline to the real Planck maps

Thank you for your attention !
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Backup slide: dust or sync marg

Config :

e 600 NPIPE simulations (nside 256)
e 600 NPIPE residual noise maps (nside 256)

o Galactic mask : fsky = 0.7
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Backup slide: config 4 and 5 tests

nside = 256

16 & o Dust Maro
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Backup slide: config 2 full

mcmc results

ran
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Backup slide: config 5 full mecmc results

Hehain et = @A}l
= 00831200822
\ . Aees = 0.6¥I10.3863
Birafringence = 0022400509
\ Azt = 0.012220.0173

\ Hehainbumbams = (@ cham}y,
= 00831£0 0761
7 M Aees = 06901204031
Birefringence = -0.0224£0,0%3
A = 00122200172
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