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O Thermal dust emission is one of the dominant foreground for CMB B-mode searches,

especially at large angular scales.

O Standard analyses model dust with a single modified blackbody (IMBB) for each pixel,

assuming uniform temperature and spectral index along the LOS [Planck Collaboration XI
2014].

O However, interstellar dust resides in complex environments, leading to spatial and line-of-

sight variations in dust temperature and spectral properties.

O Such variations distort the effective dust SED, producing deviations from a pure IMBB

description.

O This can have an impact B-mode measurements, because inaccurate modeling of such

effects can bias component separation.

O In this work, we model the temperature variation in the thermal dust environments at

different temperatures.
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The Dust Temperature Ladder Model (TLM) SC

F-Xavier Desert (A&A 2022) GRENOBLE | MODANE
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O The proposed dust emission spectrum over the LOS:
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O Taylor expand B (T') around a reference temperature 7y: I, =7, | B(T,)) + At dty (Ty) + E(Az‘2 + 6?) - 2” (T))

O Discretize and include the effect of bandpass integration in the TLM model: I = 2 T
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The Temperature Ladder and the TLM Coefficients

1
_ 2, 2
I, = ) 1| Ko+ ALK, + E(Atz T 0 )KZ,nl] Linear Model
=0
20.0¢ 1 1=2,T=ROK: for diffuse dust Cjo = 7,— the dust optical depth
17.5} C;; = 1;At;,— the mean dust temperature correction from the reference temperature
Lo, o o
15.0} C, = TlE(Atl + o) — spread of the temperature distribution along LOS
2125
Ty
ILL 10.0 The temperature Ladder: Instrument photometric bands are regularly spaced in log(frequency);
InT should also be regularly spaced in the discretization of temperatures.
751 ? I=1,T=7K: for cold dust and CIB
5.0
Implementation: Reference temperature fixed at 20K, and g, = 1.5
ol ¢ 1-0,T=2.7K: for CMB

O We use 4 TLM coefficients : C(%OK, C120K, CgKCI7 K

O Inthe future: C°* for hot dust in galactic plane.
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The Data and the error model

Spectrum for a single pixel,(lI,b)=(0.0°,30.0°)

~ —®— Data

O We use total of 18 Frequency bands DIRBE’AKARI’IR[%@------:
O Haslam (0.408 GHz), WMAP-9yr and Planck-PR3 (22-857 GHz), IRIS, 10

DIRBE, AKARI (1200-3000 GHz) /
O Maps Analyzed on HealPIX grid of Ny, = 256 and smoothed with FWHM= g 100 - PLANCK HFI /

1 degree beam. %: :

i Lgmasian -

© The error model: [ Total noise variance at frequency 1 and pixel p ] g I S :
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Total variance
[ ‘ Instrumental Calibration Noise due to ———— - = . — .
Noise Noise Component 10 10 104 10
‘ -
| subtraction Frequency [GHZ]
J \ =

Error bars scaled by a factor of 5 for visual clarity
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Fitting on the data: Methodology

O Components in the data:

O CMB
CMB subtracted Data

O Astrophysical Diffuse components (Radio-foregrounds + Thermal-dust + CO +CIB monopole)

O Dipole, Zodiacal light

O Systematics: Zero level corrections, calibration errors

Remove from the CMB
subtracted Data
Template Fit on Residual maps dipole+monopole+ SED fitting 12
dust+sync+ff+AME

SED fitting I1
dust+sync+ff+AME

dipole+monopole+ CO+Zodi+
CO+Zodi+ calibration

calibration

S14: Astrophysical Foregrounds for Precis | ; | - Aparajita Sen



SC

GRENOBLE | MODANE

SED fit for the Radioforeground Components

We fit for three components at low frequency following [M Fernandez-

Torreiro et.al 2023]: Fixed Parameters:
O Synchrotron emission: a, = — 1.1,y = 30GHza,; = — 0.1

y Ay Y asl ” WAME — 055, I/AME — 21GHZ
[, . =A — | +B — | In| —
Sync Sync " Sync " Vo

O Free-Free emission:

— i
Iff Aff v Free Parameters:

O AME emission: Agync, BSync9 AffandAAME

1 U
In?
WAME VAME |

Lyyg = Aaygexp

Using 18 frequency bands, we fit for 4+4=8 parameters in total.
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O Regression fit for 7 parameters on each frequency map :

° m, for zero level

o d%,dY,d* for cmb dipole [in frequencies below 143
GHz]

o z for Zodiacal light, fitted over ZL template [in
frequencies above 100 GHZ]

o co, component for CO emission [Ghosh,
Remazeilles et.al 2023]

© ¢ component for calibration error
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Zodi template [Planck Collaboration X1 2014]

%“L? T —
|
J 1249 GHZ

0.0170663 0.120697

-80.5914 1590.77

CO template

100 GHz

-0.00914036 3.00568



Validating the DTLM method on simulations
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Simulations
model[SED fit parameters]+noise

Fitted Model

Sky simulation for 353.0GHz Fitted Model Residuals

e
0.0151971 53.9411 0.0150284 53.942 -0.00539411 0.00539411
Sky simulation for 100.0GHz Fitted Maodel Resicuals
[ " [ ee—
-0.00206252 1.18213 -0.00209196 1.1821 -0.000118213 0.000118213
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Range of validity of the DTLM approach

Simulations
Thermal dust TOMBB distribution+
Noise
[distribution of 10 Temperatures
along LOS, centered at 20K, with
spread of o]

Fitted Model and TLM
coefficients

Increase o to add more complexity to the simulated thermal dust model.

N
&)

10T emde -atures from each distributions

The DTLM model is flexible enough for different levels of complexity considered this dust model and provides good
quality fits in all cases.
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Range of validity of the DTLM approach

Are we able to recover the input parameters

of the thermal dust simulation model?

InputCoeff — RecoveredCoeff

Error

ReducedCoeff =

The accuracy in the recovery first and second
order coefficients depend upon the level of
complexity in our simulations.
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Results from data
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Methodology Recap
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Template Fit on Residual maps

SED fitting I1
dust+sync+ff+AME

dipole+monopole+
Zodi
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Model Selection

We consider five permutation of D'TLM coefficients : Achieve good quality of fit

2T 4 2T 5

20K 71K ~20K ~TK 20K ~7TK ~20K 7K ~20K
CO ’CO ’Cl ’Cl CO ’CO ’Cl ’Cl ’C2

AIC criteriacheck: AIC = 2k — 2in (i), k= No of parameters

Mir AIC values (refrence: 2T 3)

Min AIC values irelrence: 21 4)
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Model: 2T-4

Hot Dust

Cold Dust +CIB
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(T20x) (2T-4)
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D, — D2

Difference Map-=
(Dy+ D,)/2

Angular Power Spectrum

Comparison with Commander Dust Maps
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Synchrotron
Synchrotron Spectral Index
0.0423 My sr~ 0.227
F -
AME ree-Free
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Galactic Profiles of the Recovered Components

Galactic Profile @28.4GHz Galactic Profile @44.1GHz Galactic Profile @353.0GHz
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Summary and the next Steps

O In order to model the thermal dust emission, we implement a global fit with 8 parameters on a very wide range of frequencies.
(408MHz-3000GHz).

O We achieve a good quality of fit on the data and recover the maps for dust optical depth and the mean temperature of the

dust environments at both hot and cold temperatures.

O We recover the Thermal dust emissions with high level of accuracy and also compare the dust parameters with the standard

Commander dust products.
O The galactic plane is very complex and may need additional TLM coefficients for a more accurate modeling.
O Our model is linear and hence the fit is computationally “cheap”.
O We will explore the effect of changing the dust spectral parameter and its correlation with temperature.

O In the future, we plan to extend our analysis to the Polarized Planck data and propose models for polarized dust maps,

derived using prior information from the temperature maps.
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Thank You
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