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Conclusions / to-do items after Montreal meeting (Jan 2017)

- we show consistency between xForecast and SMICA on
constant spectral indices and PySM simulations

- spatial variability of dust is Important to characterize, and
high frequency channels are crucial
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Conclusions / to-do items after Montreal meeting (Jan 2017)

- we show consistency between xForecast and SMICA on
constant spectral indices and PySM simulations

- spatial variability of dust is Important to characterize, and
high frequency channels are crucial

TO DO:

 develop a multipatch approach for xForecast
» explore the possibility of focal plane optimization
* Improve marginalization over residuals

» continue comparison between the two approaches
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Conclusions / to-do items after Montreal meeting (Jan 2017)

- we show consistency between xForecast and SMICA on
constant spectral indices and PySM simulations

- spatial variability of dust is Important to characterize, and
high frequency channels are crucial

TO DO:

 develop a multipatch approach for xForecast g/
» explore the possibility of focal plane optimization ‘/
* Improve marginalization over residuals ;/

» continue comparison between the two approaches t/

+ focal plane sensitivity has been updated
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LiteBIRD assumed specifications
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Method — xForecast

A

data modeling
for each sky pixel:

frequencies

= A;; si(p) +ni(p
= A([3) I
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Method — xForecast di(p) = Aij s;(p) + ni(p

>

7))
. )
data modeling v, H
. . c o
for each sky pixel: 0 — A(B)
o
£
\ 4
. estimation of the mixing matrix A e.g. Stompor et al. (2009)
Bs
AT (3 4 ) = ( v ) not perfect
e Vret recovery of input
Lo\ Batl TR spectral
Afust (Vs Vrer) = (V f) T parameters >
et 1 foregrounds
A = A(B = B4, Bs,...) —> max (5(5)) residuals
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Method — xForecast di(p) = Aij s;(p) + ni(p

H

>

data modeling
for each sky pixel:

frequencies

<

. estimation of the mixing matrix A e.g. Stompor et al. (2009)
Bs
A = () not parfect
Uref recovery of input
. Lo\ Batl TR spectral
Aduse (Vs vrer) = | - , g parameters >
re kT, __
et 1 foregrounds
A =A(8 = Bq,0s,...) —> max (5(5)) residuals

linear combination
of various frequency

S — (ATN—lA)_1 ATN"14 maps > boosted
noise

2, solve for s [rather general to any comp sep method]
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XForecast results on PySM — a1d1f1s1 simulation [ Fsim=0 ]
(nside=16 / 3.5deg spatial variations for spectral indices) s

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017



10

20

noiseless foregrounds spectra from
PySM simulations

total B-modes

primordial B-modes
(r=0.001, 7=0.055)

lensing B-modes



xForecast results on PySM — a1difis1 simulation

(nside=16 / 3.5deg spatial variations for spectral indices)
10°

10 | fsky=600/0

noiseless foregrounds spectra from
PySM simulations

— total B-modes

primordial B-modes
(r=0.001, 7=0.055)

— lensing B-modes
xF average residuals + 2—¢
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xForecast results on PySM — a1difis1 simulation
(nside=16 / 3.5deg spatial variations for spectral indices)
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xForecast results on PySM — a1difis1 simulation
(nside=16 / 3.5deg spatial variations for spectral indices)
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Method — SMICA

sky simulations + noise m

d ord BB __ B BT
Seg’c(;lr’:is.t(i)crs.er I-‘?f o Zm [a/m] [a/m}

minimization of ”R o RH

Cardoso et al, A&A, 2007

modeling of the data covariance:

Rq _ APqAT 1 Nq

e.q. RqBB _ aacmbT (@:grim 1 Cclyensed) T P(I;GAFGT 14 dlag(a,%)

A S
) |

- "

fit for r, and o(r) .
. . €--"" .
estimated with A weights
Fisher W =ATN"'[ATNIA]
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SMICA results on PySM — aidifis1 simulation
(nside=16 / 3.5deg spatial variations for spectral indices)

s=(ATN"'A)T AN 'd

W
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SMICA results on PySM — aidifis1 simulation
(nside=16 / 3.5deg spatial variations for spectral indices)

s=(ATN"'A)T AN 'd

A%

weights

HE SMICA (6 CMB + noise simulations)
[ xForecast

T0°
frequency [GHZ]
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SMICA results on PySM — aidifis1 simulation
(nside=16 / 3.5deg spatial variations for spectral indices)

E ¢ 0.00247 0.000642
Xrorecas + 0.00135 + 0.000804

(Hessian: = 0.000507) (Hessian: = 0.000792)

SMICA 0.00222 0.000565

(Hessian error bars) + 0.000673 + 0.000728

T

- simplification of the foregrounds (spatial variation on
nside=16): o(r)=0.001 = o(r)=0.0009

- new instrumental configuration: ¢(r)=0.0009 = o(r)=0.0007

since Montreal:
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SMICA results on PySM — aidifis1 simulation
(nside=16 / 3.5deg spatial variations for spectral indices)

10.00247 0.000642

xForecast [ 00135 + 0.000804

(Hessian: = 0.000507) (Hessian: = 0.000792)

SMICA B3 0.000565

(Hessian error bars) + 0.000673 + 0.000728

T

- simplification of the foregrounds (spatial variation on
nside=16): o(r)=0.001 = o(r)=0.0009

- new instrumental configuration: ¢(r)=0.0009 = o(r)=0.0007

since Montreal:
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bias ~ O(0.002) on r on the
largest angular scales:

It Is crucial to take into
account the spatial variations
of spectral indices in the
analysis
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spatial variations of the spectral indices in the PySM templates
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spatial variations of the spectral indices in the PySM templates

10°
10"}
noiseless foregrounds spectra from
10° | : PySM simulations
— total B-modes
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we should look for a balance between statistical and systematic errors

error error

bars on spectral bars on spectral
parameters parameters

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017

16



we should look for a balance between statistical and systematic errors

error

bars on spectral
parameters

* better signal-to-noise
(instrumental sensitivity, etc.)

- few degrees of freedom
- broad frequency range
- large sky area (more pixels!)

o(Ba)” o(Ba)o(Bs) o(Ba)o(Ta)
> = * o(fs)? o(Bs)o(Ty)
 * * o(Ty)?
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error
bars on spectral
parameters
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we should look for a balance between statistical and systematic errors

0(B4)® o(Ba)o(Bs) o(Ba)o(Ty
Y = * o(fs)? o(Bs)o(Ty
 * * o(Ty)?

error

bars on spectral
parameters

- better signal-to-noise
(instrumental sensitivity, etc.)

- few degrees of freedom
- broad frequency range
- large sky area (more pixels!)

H¢

error

bars on spectral
parameters

- more internal degrees of
freedom (free spectral
parameters, sky templates, etc.)

 reduced frequency range
- small sky area (less complexity!)
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degrading/smoothing f maps down to nside=2/4/8/ 16

simulation

upgrading B maps to nside= 32

|

simulate frequency maps + CMB + noise

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017
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E ot R R
S
= N
0
>
£ degrading/smoothing B maps down to nside=2/4/8/ 16
7
upgrading B maps to nside= 32
simulate frequency maps + CMB + noise (-————W
l 2]
fit for {B} in each nside =2 /4 / 8 / 16 pixels, matching the input simulation %
o)
£ ! 2
% estimate foregrounds residuals and noise by combining
L) contribution from each pixels
X !
power spectrum estimation and likelihood on r
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we perform component separation

_4 1 1
10 " ¢ 10° 10* 103 102 107
tensor-to-scalar ratio, r

variations of {d, Bs, Td} on this healpix resolution independently on this healpix resolution
10t spatial variation onn_, = 2 // solve on patchn_, = 2
— fit for {8,.,8,,T, }
1.0 ) fit for {8, } with true {3.,T,}
0.000465839885332 : :
10° | - % 0.000305459133558 fit for {5,.5, } with true {T, }
fit for {8,,7,} with true {3, }
0.6 i — fit for {3, } with true {8,,7,}
0.4 | — fiducial C, with »=0.001 and r=0.055
1 0.000229182738939
107 | 02 |+ 0.000251996767072 fsky=60% ]
2.28839609698e-05
0.0 + 0.000141476238144
e 12
M 10~} 1.0 10.000207303853105 1
2 + 0.000579410065951
0.8 .
N O
3 0.6 .
& 10~ ¢ f
i 0.4r i 10.00015962801351
Y + 0.000571782501641
— 0.2} 11.21674859212e-05
+ 0.000561676678909 §
:\’ 0.0 .
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variations of {d, Bs, Td} on this healpix resolution

we perform component separation
independently on this healpix resolution

101 spatial variation on n_, = 4 // solve on patchn_, =4
— fit for {3,,3.,1, }
1.0 ) fit for {8, } with true {3.,T,}
0.00183242526496 . .
10° | 0.8 + 0.000505195887584 fit for {,,8,} with true {T,}
fit for {8,,7,} with true {3, }
0.6 ! — fit for {8, } with true {g8,,7,}
0.4 | — fiducial C, with »=0.001 and 7=0.055
1 0.000882790783738
107 ¢ 0.2 | + 0.000454057249525 fsky=60% 1
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we perform component separation

variations of {d, Bs, Td} on this healpix resolution independently on this healpix resolution
10t spatial vlariation ON ngq =8 // solve on patch N = O |
— fit for ORI
), £ =2 {84814}
1| — ; fit for {8, } with true {3.,T,}
0.00755013855377 . .
10° | 0slZ M | | "+ 0.000727208249946 fit for 6,6, } with true {7, }
\ fit for {3,,T, } with true {3, }
0.61 i — fit for {3, } with true {8,,7,}
0.4l | — fiducial C, with »=0.001 and r=0.055
1 0.00345364989543
107 ¢ 0ol || +0.000630148806724 fsky=60% ]
7.92331835501e-05
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10°

J. Errarc

variations of {d, Bs, Td} on this healpix resolution

spatial variation on n

side

= 16 // solve on patch n, = 16

we perform component separation
independently on this healpix resolution

1.0
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0.00978105579103
+ 0.00069895681596

1 0.000613611423829

+ 0.000562031085312

0.0221093778582
+ 0.00131683850895

0.0103636172275
+ 0.00107138037462

0.00187053641054
+ 0.000625793641828

— fit for {3,.6,,T; }
fit for {3, } with true {8,,7; }
fit for {8,,8, } with true {7}
fit for {8,,7,} with true {3, }

— fit for {3, } with true {8,,7,}
— fiducial ¢, with »=0.001 and 7=0.055
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gmin > 2

nside = 2
(sim and
cleaning)

nside = 4
(sim and
cleaning)

nside = 8
(sim and
cleaning)

nside = 16
(sim and
cleaning)

fit for {Bd}
true {Bs, Td}

1.28e-05 +
0.000136

2.49e-05 +
0.000152

0.000224 +
0.000348

0.000351 =
0.000508

fit for {Bd,Bs}

true {Td}

3.89e-05 =
0.000159

0.000108 =+
0.000214

0.000677 +
0.000522

0.00475 =
0.000702
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fit for
{Bd,Bs,Td}

0.000466 +
0.000305

= I'bias < o(r) < 0.001

fit for {Bd, Td}

true {Bs}

0.000229 =
0.000252

0.000883 +
0.000454

0.00345 +
0.000630

0.00978 +
0.000699

fit for {Bs}
true {Bd, Td}

2.29e-05 +
0.000141

3.79e-05 +
0.000160

7.92e-05 =
0.000203

0.000614 =
0.000562
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IS It possible to reduce
the bias on r by modeling
the foregrounds residuals

and marginalizing over
them?




J. Errarc

variations of {d, Bs, Td} on this healpix resolution

we perform component separation
independently on this healpix resolution

spatial variation on n_,. = 4 // solve on patchn_, =4
— fit for {8,.,8,,T, }
1.0 ) fit for {8, } with true {3.,T,}
0.00183242526496 . .
08 + 0.000505195887584 fit for {3,,6, } with true {7, }
fit for {3,,T, } with true {3, }
0.6 ! — fit for {3, } with true {3,,7,}
0.4 | — fiducial C, with »=0.001 and r=0.055
0.000882790783738
0.2 | + 0.000454057249525 fsky=60% ]
3.78511640942e-05
00 + 0.000160046107545
LOF--=5 &  10.00128594368852 1
N + 0.000599753338785
0.8} g U -
0 ik
"ok ]
0.6} " ‘
iy i -
0.4r iR 10.000869798903014
il Y + 0.000573979180552
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0.0 - o
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=
/
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24



variations of {d, Bs, Td} on this healpix resolution

we perform component separation
independently on this healpix resolution

10t spatial variation on n,; = 4// solve on patch N = 4
fit for B, T,
£(), £y =2 tfor 16,.60 11}
T — - fit for {8, } with true {3,,7,}
* 0.00183242526496 . .
10° | 0sl % 0.000505195887584 fit for {5,.5, } with true {T, }
: fit for {3,,7, } with true {3, }
0.61 ’ fit for {8, } with true {8,,7,}
, 0.4l | — fiducial C, with r=0.001 and 7=0.055
1
107 ¢ 0.2} | !
' \ 3.78511640942e-05
* 0.0 + 0.000160046107545
7 E(T)ﬂ émin:]'S :
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0.8} / - °
' .
0.6} ' . o
\
| [ )
0.4+ L i °
| )
| °
0.2f \ 17.60204030462e-05
1 + 0.000564594555365
0,0t .
10° 10 103 102 10% Kz . Stat ,/"'«""/
Y. res
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Yet, we can semi-analytically estimate what are the statistical foregrounds
residuals

1.6502

1

@ 1- and 2-c contours using gaussian approximation
— 1- and 2-oc contours for gridded likelihood

1.6501f

n° 165}

1.6499r

1.6498

-3.003

-3.002 -3.001 =3 -2.999 -2.998 -2.997

Ps

— Statistical error bars on spectral parameters:

—2 lIl Lspec (ﬁ) — CONST

—(A'N'd)" (A'N"1A)T (A'N"d)

Errard, Stivoli and Stompor (PRD, 2011)

2—1

o 0L
B 69[359[3’ noise

true B
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Yet, we can semi-analytically estimate what are the statistical foregrounds

— Statistical error bars on spectral parameters:

residuals

1.6502

1.6498

1.6501f

n° 165}

1.6499

1

@ 1- and 2-c contours using gaussian approximation _ 2 ln L ( ﬂ) —_ CONST
Spec -

— 1- and 2-o¢ contours for gridded likelihood
~(A*N7'd)" (A'N"TA)T (A'N1a)

Errard, Stivoli and Stompor (PRD, 2011)

B 69[359[3’ noise

true B

-3.003 -3.002 -3.001 =3 -2.999 -2.998 -2.997

Ps

— Synchrotron and dust templates

- estimated using the most extreme frequency channels of LiteBIRD (scaling
them to 150GHz using the estimated spectral indices in each pixels)

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017
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Yet, we can semi-analytically estimate what are the statistical foregrounds

residuals

— Statistical error bars on spectral parameters:

1.6502 T T T - - 8

@ 1- and 2-c contours using gaussian approximation _ 2 ln L ( ﬂ) —_ CONST
Spec -

— 1- and 2-o¢ contours for gridded likelihood
~(A*N7'd)" (A'N"TA)T (A'N1a)

1.6501f

Errard, Stivoli and Stompor (PRD, 2011)

o 0L
B 69[359[3’ noise

n° 165}

1.6499

true B

1.6498 : : : : :
-3.003  -3.002  -3.001 -3 -2999  -2.98  -2.997

Ps

— Amplitude of statistical foregrounds residuals:

Cfg res _ >‘ >‘ S /{jj// ij/ Stivoli, Grain, Leach, Tristram,
¢ et Lt Rk =4 Baccigalupi, Stompor (MNRAS, 2010)
N

— Synchrotron and dust templates

- estimated using the most extreme frequency channels of LiteBIRD (scaling
them to 150GHz using the estimated spectral indices in each pixels)
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variations of {d, Bs, Td} on this healpix resolution

we perform component separation
independently on this healpix resolution

10% spatial variation on n,, = 2 // solve on patch n, = 2 |
— fit for ORI
‘C(T)7£min:2 . {6(1 B .d}
1.0 ] fit for {8, } with true {3.,T,}
5.1889598125e-05 . :
10° | - + 0.000217971057889 fit for {46, } with true {7, }
- fit for {3,,T, } with true {3, }
0.6 1 — fit for {3, } with true {3,,7,}
0.4 | — fiducial C, with r=0.001 and r=0.055 |
1 3.81457870312e-05
10~ ¢ 0.2 | + 0.000180757288803 fsky=60% ]
1.00595601793e-05 '
0.0 4+ 0.000126827483148 I OE E E N E N EE s N =W
] |
—_ i modeled !
10° | 1.0 1 1e-05 ] T |
g + 0.000550941354021 ! statistical 0
0.8 . i
NS .- foregrounds |
0.6 . @ -
NJErEll . «" 4+ residuals
10 i ¢ i
i 0.4r | 11.16738416158e-05 ¢ Yl
! + 0.000562362446646
— 0.21 \ 1 1le-05
\ + 0.00056384416483 N
> -4 0.0 -5 7 '-; ) -1
Q 10 | 10° 10% 103 102 10 :
tensor-to-scalar ratio, r ~
L7
5 —adi
10 | e E 1
u------::- sEEEs --- E '-..hn'.h-
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J. Errarc

variations of {d, Bs, Td} on this healpix resolution

spatial variation on n

side .

= 4 // solve on patch n

we perform component separation
independently on this healpix resolution

side

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8F

0.6}

0.4

0.2

!
Y

‘l
J
’:
!

'!

1

A

0.0
107

0.000189340516848
+ 0.000319792055854

2.37608672232e-05
+ 0.000201351654635

| 1.041499129746-05

+ 0.000125808479917

1.33020774777e-05
+ 0.000552381010576

3.20024040549e-05

+ 0.000580887061499
le-05

+ 0.00056384416483

10% 102 10?% 10t

tensor-to-scalar ratio, r

— fit for {3,.6,,T; }
fit for {3, } with true {8,,7; }
fit for {8,,8, } with true {7}
fit for {8,,7,} with true {3, }

fit for {8, } with true {8,,7,}
fiducial C, with r=0.001 and 7=0.055 |

foky=60%

I OE E E N E N EE s N =W

modeled

statistical
foregrounds

residuals

|

10

20

50



we perform component separation

variations of {d, Bs, Td} on this healpix resolution independently on this healpix resolution
10% spatial variation onn_, = 8 // solve on patchn_, = 8
' — fit for {3,,8.,T,}
1.0 ] fit for {8, } with true {3.,T,}
- 0.000101852213505 . .
10° | - + 0.000336759950329 fit for {46, } with true {7, }
: fit for {3,,T, } with true {3, }
0.6 1 — fit for {3, } with true {3,,7,}
0.4 | — fiducial C, with »=0.001 and 7=0.055 |
1 4.99535443821e-05
10~ ¢ 0.2 | +0.000243101837648 fsky=60% ]
1.26165269788e-05 '
0.0 4+ 0.000140150859566 I OE E E N E N EE s N =W
I i 1
—_ i modeled !
10° | 1.0 12.05132956707e-05 ) T i
g | ‘ + 0.000673713040553 ! statistical 0
I 0.8} ' :
N / .- foregrounds
0.6} ¥ - e® 1 !
NJErEll .. o’ »  residuals
107 | y [
i [ 0.4} 0 12.48727344013e-05 a Tl
_ % + 0.000651647962644 1
— 0.2} ! 11.8715640625e-05 3
< \ + 0.00057905330714 L .
- 0.0 - - .
Q 10 i 10° 10* 103 102 10" aj'ﬁ‘
[ tensor-to-scalar ratio, r P 28-S
7 Sl g *
-5
10 i - - 4 ﬁ
“
_6 — -
10 = l‘/ i
-7
10 ' ' '
2 10 20 50
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we perform component separation

variations of {d, Bs, Td} on this healpix resolution independently on this healpix resolution
10% spatial variation on n_,. = 16 // solve on patchn_, = 16
' — it for {8,,8,.T,}
1.0 ] fit for {8, } with true {3.,T,}
- 0.000447450383065 . .
10° | - + 0.000491260382004 fit for {46, with true {7, }
: fit for {3,,T, } with true {3, }
0.6 - — fit for {3, } with true {3,,7,}
0.4 | — fiducial C, with »=0.001 and 7=0.055 |
1 0.000184360672114
10~ ¢ 0.2 | +0.000324311275324 fsky=60% ]
1.72812679145e-05 -
0.0 4+ 0.000147126856546 I OE E E N E N EE s N =W
I |
—_ £(r), £y =15 i modeled
10° ¢ 10 =wwgs=, " 10.000209176233971 - T
g | *c' \ + 0.00113290596028 ! statistical
- 0.8} i .
[ W |
NS N 0 | UL foregrounds
k 107 | I ¢ l residuals
3 [ 0.4r Bt 12.29196162571e-05
_ il + 0.000789721778082
— 0.2 i 13.94905128863e-05
(i + 0.000595380093754
> -4 0.0 -5 2 '-; = =) -1
Q 10 | 10° 10% 103 102 10
tensor-to-scalar ratio, r
e — - — LJ - s =
-5 "" 1 = ’{"(
10 _ % he * we™ - M : ]
> a"”® -® : , ' -
e - =
g
-0 ,/
10" ¢ e .
"
- ,V/ -
-7
10 '
2 5 10 20 50
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Results — multipatch when deprojecting statistical

foregrounds residuals

PRELIMINARY

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017

. = Ipias < O(r) < 0.001

after adding
statistical
foregrounds
residuals model in

the likelihood Z(r)
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what about more
complex skies?




10,

J. Errarc

variations of {d, Bs, Td} on this healpix resolution

spatial variation on n

side

we perform component separation
independently on this healpix resolution

= 32 // solve on patch n,, =

16

10° |

1.0F v
0.8} A\
0.6}

0.4}
0.2 &
0.0

10k = = = = .

0.8} |
0.6} )
0.4} \

0.2} i

0.0

tensor-to-scalar ratio, r

10° 10* 103 10? 10!

| 0.000997345518005
]l + 0.000594015070321

10.000823500089117
+ 0.00114764956326

— fit for {3,,3.,1, }

- fiducial C, with r=

0.001 and 7=0.055 |

- spatial variations of spectral
Indices on nside=32

- independent fit of
{Bd,Bs,Td} in each patch
with nside=16

10

20

50
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10°}

107’

J. Errarc

variations of {d, Bs, Td} on this healpix resolution

we perform component separation
independently on this healpix resolution

spatial variation on n

v
side side — 16

= 32 // solve on patch n

— fit for {3,,3.,1, }

1.0

0.8}

0.6

0.4}

0.2

] = 0.000739358860524

- fit for {ﬂd,ﬁs ,Td,srun}

spatial variations of spectral indices on
nside=32

- constant synchrotron curvature in sims
- independent fit of {Bd,Bs,Td} in each

| 0.0116475143795
| £ 0.00106614102237

0.000652768620438

0.0

patch with nside=16

0.8}
0.6}
0.4}

_—%7

0.0

1.0k = = -

. sl

1 1e-05

15.87415908948e-05
+ 0.00136233285084

- independent fit of {Bd,Bs,Td, sync

+0.000270846125744  cyrvature} in each patch with nside=16

10

> 10% 103 107 10%
tensor-to-scalar ratio

10 20 50
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IS It possible to
optimize the focal

plane to reduce the
foregrounds residuals?




we perform component separation

variations of {d, Bs, Td} on this healpix resolution independently on this healpix resolution
10t spatial variation onn_, = 4 // solve on patchn_, = 4
— fit for {8,,8.,T, }
1.0 ) fit for {8, } with true {3.,T,}
0.00183242526496 . .
10° | - % 0.000750681001339 fit for {5,.5, } with true {T, }
— fit for {8,,T;, } with true {3, }
0.6 i — fit for {3, } with true {8,,7,}
0.4 | — fiducial C, with »=0.001 and 7=0.055
1 0.000882790783738
10 | 02 | + 0.000691752904556 fsky=60% ]
3.78511640942e-05
0.0 + 0.000277661663454
I 1 i) : rlnin:
M 10~} LOR = =75 10.00128594368852 ]
2 il ! + 0.000903802759112
0.8} P i
Yk
N Q 0.6} i ‘t .
& 3 AR
10~ ¢ b l
3 0.4r i 10.000869798903014
ALkR + 0.00089732269253
—— 0.2} 2 1 1 7.60204030462e-05
FEE : . 7 42241
~ .o . W + 0.0008790039
Q 107 10° 10* 107 102 10"
tensor-to-scalar ratio, r e
-5
107 ¢
- /
- 7
=
-6
10 =
/
-7
10 '
2 5 10 20 50

J. Errarc



Method — optimization of focal plane

- minimization of ||Z(B)|| in each patch of the sky, for each

simulations

- variable is the number of pixels i.e. {LF-1, LF-2, MF-1,

MF-2, HF-1, HF-2, HF-3}

- we keep the area of the focal plane constant

on spectral indices.

Y

il
*

easy.

o(Ba)o(Ty)
o(Bs)o(Ty)
0(Ta)?

IZ(B)|| is the norm (I took it as the deteminant) of the error covariance

We approximate Z using the analytical form of the spectral likelihood
curvature (Errard+ 2012) — this is why the optimization is numerically

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017
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U1
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polarized sensitivity [uKqp-arcmin]
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= =)
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NEW FOCAL PLANE CONFIGURATION

100 200 500
frequency [GHz]
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60

U1
S

N
)

polarized sensitivity [uKqp-arcmin]
N o
= =)

p—
-

—

o0

OPTIMIZED
NEW FOCAL PLANE CONFIGURATION

o(Bd) improved by a factor ~ 2.0
o(Bs) degraded by a factor ~ 0.9
o(Td) degraded by a factor ~ 2.1

but no significant
effectonr

d

100 200 500
frequency [GHZ]
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Conclusion - discussion

- current LiteBIRD focal plane design can reach bias on r < o(r) < 0.001 —
considering input sky simulations with spatial variations of spectral indices over
nside=16 scales:

- SMICA and xForecast agree on ar ~ 0.0006 = 0.0007 when considering
scales =15

- Multipatch approach, combined with a deprojection of the statistical
residuals, leads to r ~ 0.0004 + 0.0005 (£>2)

- complicating the sky (spatial variations on nside=32 with synchrotron curvature)
leads to r = 0.0007 = 0.0007 (£=2). NB: synchrotron curvature leads to a strong
bias if not fitted for in the modeling.

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017
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Conclusion - discussion

- current LiteBIRD focal plane design can reach bias on r < o(r) < 0.001 —

considering input sky simulations with spatial variations of spectral indices over
nside=16 scales:

- SMICA and xForecast agree on ar ~ 0.0006 = 0.0007 when considering
scales =15

- Multipatch approach, combined with a deprojection of the statistical
residuals, leads to r ~ 0.0004 + 0.0005 (£>2)

- complicating the sky (spatial variations on nside=32 with synchrotron curvature)
leads to r = 0.0007 = 0.0007 (£=2). NB: synchrotron curvature leads to a strong
bias if not fitted for in the modeling.

Next steps: oy
 unique and integrated framework including the estimation of {3} and ¢ms§
the marginalization of Z(r) over statistical foregrounds residuals z ‘

’

N

- iterative patch finder — find optimal regions for each spectral index
which would both optimize the statistical errors while minimizing the l
systematic bias. They would likely follow the morphology of the
galactic foregrounds.

* build a consistent and common framework for SMICA and
parametric pixel-based methods

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017






LiteBIRD assumed specifications

ProLposa\ for Focal Plane Design

T - baseline design

L iede.060,0781 @
12 (030,000,000 [
w1noo1a0195 B Qg
I wzniease2ss

“ :”': o
G
> e K
,'"' R&ﬁé*

-10

Single band horn

3bands MF2,4,6 on
each wafer
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Band | Center Freq | Frac BW | Pixel Diameter [ Num Pix [ Num Det
[GHz] [mm]
LF-1 40 0.30 18 57 114
LF-2 5 .30 8 57 114
LF-3 60 0.23 18 57 114
LF-5 78 0.23 18 57 114
MF-1 100 0.23 12 148 296
MF-2 119 0.30 12 111 222
MF-3 140 0.30 12 148 296
MF4 166 0.30 12 111 222
MF-5 195 0.30 12 148 296
MF-6 235 0.30 12 111 222
Band | Center Freq | Frac BW | Pixel Diameter | Num Pix | Num Det
[GHz] [mm]
LF-1 40 0.30 18 ¥ 95 i E
LF-2 51 .30 18 ¥ 76 i B
LF3 60 0.23 8 o5 F
| /6
(O 78 0.23 8 o5 f
2 ¥ 76
MF-1 100 0.23 12 148 296
MF-3 140 0.30 12 148 296
MF-5 195 0.30 12 148 296

MF-2
MF-4
MF-6
HF-1
HF-2
HF-3

119
166
235
280
337
402

Pixel
diameter
[mm]
0.3 7.7
0.3 7.7
0.3 7.7
0.3 3.9
0.3 34
0.23 2.7

364

364

364

271

331

469

190
152
190
152
190
152

728

728
728
542
662
938 6
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102, . . . . . .

XForecast

B-modes from space —
Montreal 2017

10” ' ' ' '

2 5 10 20 50 1 x10% 2 x10?

14
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5 %x10% 1 x10°
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Foregrounds residuals due spatial variability of spectral indices,
In the case of LiteBIRD

10*

10°

10°

1-0 statistical foregrounds
residuals when fitting for dust
and synchrotron spectral
indices, {B4,Bs}, in each pixel
of a healpix sky with nside=4

T B
I
1
L}
]
]
1 u
]
]
L]
]
L)

S

est.

= residuals = s®% — s

~ 0f3

primordial B-modes
TT
EE

total B-modes

synchrotron + dust
I simple statistical residua
syst. res. Bd
syst. res. Bs
syst. res. Td
syst. res. BdBsTd

N, after
simple comp. sep.

Wdin

1n

W |
a dln

85 Btrue

if one does not
taken into
account the
spatial
variations of
spectral
indices!

from 3d, Bs, Td
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Balance between statistical and systematic errors

0(Ba)? o(Ba)o(Bs) o(Ba)o(Ta)
> = * o(fs)? o(Bs)o(Ty)
i * * O'(Td)

error

bars on spectral
parameters

- better signal-to-noise (instrumental
sensitivity, more sky pixels to count
on for a given spectral index, etc.)

- broad frequency range
- large sky area (more pixels!)

H¢

error

bars on spectral
parameters

- more internal degrees of

freedom (free spectral
parameters, sky templates, etc.)

- reduced frequency range
- small sky area (less complexity!)

J. Errard — B-modes from space — Berkeley — 4 Dec, 2017
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Sest. — Wdln

10° — residuals = st — g
10 } oW in

~ 00 —— d
10° ﬁﬁ Btrue

) 5 10 20 50 1 x102

14
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2 %102

total B-modes

primordial B-modes
(r=0.001, 7=0.055)

lensing B-modes

xF average residuals + 2—¢

sys. res. from 3, spat. var.
sys. res. from g, spat. var.

sys. res. from T, spat. var.

sys. res. from {3,.4,,T,} spat. var.

N,

1-0 statistical foregrounds
residuals when fitting for dust
and synchrotron spectral
indices, {Bd,Ps,Td}, in each pixel

of a healpix sky with nside=16
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" = o(r) < 0.001 and rbias < o(r)
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Excerpt of our conclusions in Montreal 2017

- we show consistency between xForecast and SMICA on
constant spectral indices and PySM simulations

- spatial variability of dust is Important to characterize, and
high frequency channels are crucial

extra template for spatially
PySM; e [ varying dust
1 | | 1 é - -
P T VERY PRELIMINARY
independent patches
Vansyngel analysis
const.
spec.| | |
ind.
~0.010  —0.005 _ 0.000 0.005 0.010 0.015 0.020 0.025

recovered tensor-to-scalar ratio, r
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