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LiteBIRD and the B-modes quest

e JAXA p'roject.' P_hase,A_CN E'S-.*.,.’-ESA, NASA,CSA- involved e |

o Lite (nght) sate//lte for the studles of B mode polarlzatlon and"' B
’”f lation from cosm/c background Raa’lat/on Detectron o B

+ Build to reach 5r = 1 >< 1()_ .
+ 3 telescopes LFT, I\/IFT; H FT_ o e

. Expected in 2029 at .2 for more than 3 yea rs i ob'éiejrvati'dn‘_,_'ij"':“;[-
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Foregrounds

Astrophysmal sourCés emitting mamly in

CMB’s wavelength mterval |
o Dush thermal g
o > Synchrotron b o R

> Free-Free/ Brehmstrahlung e

L. Vacher- Cmb-france? | 3



l. Foregrounds : problematic
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Dust — Averaging SEDs

Moditied black-body SED in every volume element

* Line-of-sight average (always there!)

[Planck 2018 V]



Dust — Averaging SEDs

Modified black-body SED in every volume element

* Line-of-sight average (always there!)

* Experimental beam and frequency average

[Planck 2018 V]



Dust — Averaging SEDs

Moditied black-body SED in every volume element

* Line-of-sight average (always there!)
* Experimental beam and frequency average

* Map operations average (e.g., spherical harmonic expansion)

[Planck 2018 V]
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- The moment expansion in pixel space

Taylor i ns pired exp_-annsi'_o n aro un dthe M B'TB | in f (T fi*:ed:-'at Tok P L

_ 1(Bo, To) |
7 [Vo(ﬁ()?TO) 4

ID(Vv ﬁ)
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- The moment expansion in pixel space

Taylor.'ins'pireld'expahfs’io‘hi.aréﬁ'h’c'::l-’tﬁf'e.M.B.B:jhﬂf a,‘n‘dT: G

1) Sy - order 1 beta + order 1T_:_-|.-~',,,
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The moment expansion in harmonic space

f only (Mangilli et al 2021) fand T
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The MoMGiataannnnas a2 NIC SPACe
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f only (Mangilli et al fand T
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The moment expansion in harmonic space

f only (Mangilli et al 2021)

fand T

]'V- (/80{/)\ rm [/ N\ \

0" order {

15¢ order {

ond Grder

D

T [/ N [/ N\ rm /7 N\ \ Vd

due to line-of-sight, beam and map

operations averages

B % Naturally describes, in a model-independent way, the effect of

I/

general way of dust frequency
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and in a more
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o Dust-type e W aees N

Moment expansion
Mpfit and emcee

| Instrumental effects @ = - @ 8 e o
Simulate LiteBIRD maps =~ i
| | Frequency cross . E . |

o spectra Namaster
-- b (Purify B)
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LiteBIRD simulations with variousdustcomPO"e“’fS L

| dstmoddsi .0 =18, 722K
o

CMB: i W|th \ensmg c" or vvlthout
: | - 7 —Oandr —OOW

L. Vacher- Cmb-france? 15



LiteBIRD simulationSWith various dust componen_ts L

.‘LiteBIRD:'_ oy L/teBIRD noise (MO) .
:s * 9 hlghest frequenues (1OO 402 GHz) s

Mask _?P\anck I\/Iask + cutgff+ apOdlsatlon ’ .
‘ Suc:h that fsky_ ()7 ~ e

ME o= sl - N5|de _ 954 _
500 simulations of each type
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Estimation of the B-mode cross-frequency spectra (Namaster)

dlic. r.. =0

r fsim

402
°® ® 0000000 000%antnernnin I
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. . FANrnrvnn
. . . -

45 cross-frequencies
Bin 10 by 10

0< ¥ <200




 Best fit implementation
7% minimisation usingmpfit or emcee
a7« OO o 57

* Moment expahsroh pushed at various order from 0 (MBB) to i
x ((£) free at order zero and correc:ted through iterative process
*x T,(7) tree at order Zero then fixed at best fit value
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 Best fit implementation
7 miﬂimisaficﬂ'usi'ngmpf-it g nese L
@model(y % 1/) - @dust (ﬂ(z/ﬂ) TO(Lﬂ) @ab(y X U))-I-K’ X gzlensmg_l_ X gztensor _

* K a\vvays fixed : O for d or 1 for dc . k.
* ﬂxed orfree o '
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~ Results|: dust only (k=0,r=0 fixed)

1691 ¢ d0 o order 0

101! ad x order
| A order 2

1.55 S s 8
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___Nell

100

o order O

X order 1
A order 2

150
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o order O

ek x order
A order 2

* Moments compatible with zero in dO (cst MBB)

*Moments always significantly detected when dust in complex
(echoes Mangilli et al 2021 with Planck data)

150




Res.u-ItS" : dust + cmb (K =1, rfreelrsim = O) ‘
Order 0(MBB) | Order 1 beta [l Order 1 betaad T fl Order 2beta

dWTtH'W' . . 'djc
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- Results Il : dust + cmb (x =1, r -free, B = 0)

Order 0 (MBB) rderbeta . Orde F 1 beta ad T . Orde r 2 beta

* Results robust with r..

im ;é 0 - moment expansmn can be trust to

detect r

10 * dO MBB no bias + moment expansions no bias

* d1T MBB biased + moment order 1 and 2 no bias
* d1c: - Order O and 1 in beta with dispersion around noise (few 10-4)

0.8-

0.6

0.4- - Order 1 beta-T : no biais, dispersion around (1.1x10-3)

- Order 2 double the dispersion + negative bias at order 2
.. Why ?

0.2

0.0="-5510=0.005 O. 00

r

0 0.005 0.010

L. Vacher- Cmb-france?



Strong anti-correlation between
rand S’ijzxwz in every bin of £

And every scenario (dOc, d1Tc, d1c ...)

150

1;‘:‘¢‘**$#*++*+++++*

150




Strong anti-correlation between
rand 9?2xw2 in every bin of £

And every scenario (dOc, d1Tc, d1c ...)

bias + large distribution

complexity and so « Universal »

* Correlation between dust complexity and CMB must
explain the leakage between dust parameter and r —

% This correlation seems independent of the input dust

-

4;333*‘***

150
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What S next

* Update the expan5|on around T S

* Finalise our first paper ! (Vacher ot a/to come) e

* Introduce a forrnahsm more frrendly vvrth po\arlsatlon

* Consider also synchrotron and a|| freq-{:;ency ST SEel .
* Application to other mstruments (S‘ (Azzonl et A 2021) QUBIC ongolng)
* Take into account for frequency var|at|ons of SED pararneters

+ non gaussian-dust emission
* Couple moments with other rnethods

(already explored in pixel space (Remazellles et 2077))
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e s Sl Take away : o
*,B(z/”) and T(z/”) can be fltted together vvrth a I\/IBB vvrthout
blals/error—bar explosron 5 e
* Temperature cou\d be a cr|t|ca| parameter for LB
* Using moment expansron at orcler 1 one can reduce/absorb
the biasonran o B S M R L
* d1 contains order 2 terms ol power spectra |eve|
* Degeneracles betvveen dust complexrty and tensor to scalar

ratio | Prevept to ta|<e into account for the addrtronal
complexity properly ' '
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Thanks for ||sten|ng
Any questlons ?
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- Correlations of order 1 coefficients with r
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Correlatlons cf order 2
coefﬁments W|th r



Correlatlons cf order 2
coefﬁments W|th r




Correlations of order 2 terms with r

* W|th LB freq aH order 2 terms are mgmﬂcant\y
corre\ated wrth the CI\/IB L T

% Correlation seems « umversal » but exact value}--ii
depends in a complex fashion on the
instrumental parameters (senS|t|V|ty, frequency.‘_'
range ...) g 7? e i

CMB Awl wlwl Aw2Z2 wlw2 w2Z2wZ

@irap
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