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component

Table 1: Summary of Galactic emissions

spectrum

polarization

Synchrotron

power law with 3 ~ —3; possible

curvature by ageing of CRs

~ 20%, become larger at higher
latitudes up to ~ 40%

Spinning dust

B ~ —2.5 around 20-30 GHz, falls
rapidly above 60 GHz [14, 58]

less than 0.5% for 2 30 GHz

Free-free

power-law with g ~ —2.1

unpolarized; with an upper limit

< 3.4% [58]

Thermal dust

tem-
with

approximately two

perature components

B1,2) = (1.67,2.70) [79]

~ 3.6 % [47]

K.Ichiki, PTEP, '14
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Table 1: Summary of Galactic emissions

component spectrum polarization

Synchrotron || power law with 8 ~ —3; possible | ~ 20%, become larger at higher
curvature by ageing of CRs latitudes up to ~ 40%

temperature only

Thermal dust || approximately two tem- | ~ 3.6 % [47]
perature components with

B1,2) = (1.67,2.70) [79]
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Table 1: Summary of Galactic emissions

component spectrum polarization

~ 20%, become larger at higher
latitudes up to ~ 40%
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curvature by ageing of CRs

temperature only

Thermal dust || approximately two tem- [ ~ 3.6 % [47]
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overview

A simple foreground cleaning method in pixel space

- Algorithm for the
'delta map' and 'double delta map'



A simple foreground cleaning
method (e.g., Kk2011)

* high angular resolution not necessary

- use the full likelihood In pixel space

Cirs B) oc 2P —3[QUITCQ, U]
Sy VIC(r, s, B)]




A simple foreground cleaning
method (e.g., Kk2011)

* high angular resolution not necessary

- use the full likelihood In pixel space

Cir s, B) oc 2P [—%[Q,U]TC_‘l[Q,U]]
iy VIC(r, s, B)]

» work directly with Q,U stokes parameters in pixel
space

- simple implementation of foreground masks
(see, page et al., WMAP3 polarization paper)

- free from non-local E-B mode mixing



» Sky model (ignoring dust for the moment):

B(7)
Q(v,n) = CMB(n) + g, (1> Q™" (v, n) + noise

Vx

1 Ta\j\or exyansion 5(ﬁ) — B + 55(ﬁ)

Q(v,n) =~ CMB(n)
v\ %
v (2] |1t (2 )30 | Qv
+noise

Let us estimate J53(R)Q¥(v.,7) and subtract it !



* Use two hands (ocHz, 736Hz) 0 calculate a
'delta map', and add it to the target sky (1006H2)

Q(V()) HalQ(Vl) -+ CKQQ(VQ)‘: (1 + Q1 + OKQ)CMB
_I_f(alaoé%B)QSynCh(V*)
_|_g(a17 2, B)éﬁQSynCh(V*)




* Use two hands (ocHz, 736Hz) 0 calculate a
'delta map', and add it to the target sky (1006H2)

Q(V()) HalQ(Vl) -+ CKQQ(VQ)‘: (1 + Q1 + OKQ)CMB
+ /(o a2, B) Q¥ (1)
_|_g(a17 2, B)éﬁQSynCh(V*)

* Demand that f = 0, g = 0 and solve a1, a9
as a function of 5



Algorithm (3)

* Demand that f =0, g =0, and solve a1, as

as a function of §3

(N, vy)

“independent




If B IS running ...

 B(n) — B(n,v) = B(n) + (1) In(v/vy)



If B IS running ...

 B(n) — B(n,v) = B(n) + (1) In(v/vy)

* The sky model is modified to:

Again estimate J3(2)Q¥"(v.,7) and v(7)Q™" (v, 1)
and subtract them ! (We now need four bands)



» Use 3 bands to calculate a 'double delta map’

Q(VO) —I—‘OQQ(Vl) —+ OéQQ(VQ) —+ &3Q(V31 = (1 + o + a9 + Oég)CMB

__f(Cle ag, OKS)B)QSYHC(V*) _I_g(ala a2, 3, 6)55628},116(”*)

__h(Oéla a2, (3, B)VQSynC(V*)

g [V B In(vs/v )In(ve/v )
i <>5 In(vs /1) In(vs /1)
g, [V In(vg/v )In(vy /v ) )
Q2 = — (n, V*)
vy \ V2 In(v3/v2) In(vy /o)
: ( ) ( VIn(vy /v ) independent
(afvs I [vs)
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Algorithm
Summary

calculate 3 deltd wap with 3 §vee pavawmeteyr B , \
And 3dd it to the target Sky

on llna processing |
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Some results



performance test
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Foreground and CMB parameters are estimated
simultaneously



10t |

107 |

107 |-

107

Result

i from Cleaning

TECOUET

r

KK2011

Dust only

TTECU’UE’T"EC!:T‘L.T[FUf + 0.0000

Dust and Synchrotron (Method [}
o+ 0.0018

Tre:r:mrerﬂd =Tin

Dust and Synchrotron (Method II)
" Trecovered = Tinput + 0.0006

107

107

Tinput

107

Message from KK2011

| for the simple cleaning
| method

' Directional variation of
synchrotron 3., ()

. will cause a significant bias
" in the estimate of “r".



Tost

10

107

107 F .7

Result

)

..... +----.g -

10

107

I.input

10



Tost

Result

107! e
102 Jf
E -]- ‘/"-/‘
| -:I- _/,l%,
-3 d KK 2011 -t
0% B this ork 8
10 ]0'2 10
r

input

-1

Delta-map Method
parameters

Nside =4

0 100
v | = 78 GHz
Vo 60

Mask: pO6 mask



Result

10" ———————— Delta-map Method
/1 parameters
(2.9 4+ 0.65) x 1072 = # P
| . N, side — 4
z 107 ¢ J 7 Vo 100
1 F=(294+082) x 1077 \ "2 60
[ | Mask: p06 mask
107 ;_fJIJ,T" (0.9 +0.32) x 102
107 1072 107!
I.input

For 3 wore detdiled analysis, See Yamashita-kun's postev



Conclusion

overview



* Use the delta-map method to
eliminate the bias caused by the

spatial variation .. .

of Ssync ()
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