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The target now is B-modes!
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m Two main foregrounds, synchrotron emission and thermal
dust

m Amplitude of CMB polarization is less than foregrounds

m Dust emission is highly polarized (polarization fraction is up
to 20%)
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P =4/Q2+ U2, SMICA component at 30GHz, smoothed to 40’




The colours represent intensity. The “drapery” pattern indicates
the orientation of magnetic field projected on the plane of the sky,
orthogonal to the observed polarization.
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3 uKry at 353 GHz 300

P =4/Q2+ U2, SMICA component at 353GHz, smoothed to 12’



The colours represent intensity. The “drapery” pattern indicates
the orientation of magnetic field projected on the plane of the sky,
orthogonal to the observed polarization.
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Modelling Polarized Dust
Emission



Polarization is caused by magnetic field alignment:

2
I = | S,e™dr, [1 — Do (coszy— 5)]

Q| _ —, cos 2y 2
U = S,e dr, sin 2y PoCOS” Y

(po is intrinsic polarization fraction ~ 0.21)

For a single layer, P /I determines magnetic field orientation:

I1-p 6
o1 oty
I+P 200+ 3



Transform polarization tensor into polarization fraction tensor:

i+qg u _ I+Q U
u i—q | u 1I1-Q
This is an invertible transformation on IQU maps:

1Q, I+P 1U . I+P

1
=-1In(I*-P?), g= n—-, u= n
2 2P I-P 2P I-P

I=e'coshp, ngeisinhp, Uzgeisinhp
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__ ¢
p=—
_ BB}
q= B2
2B, B
u=— 6
B2

cos’y

cos’y cos2y)

cos®y sin 2y

These get averaged along the line of sight with weighting:

S,e drt, X,

s,= | S,e ™dr,



Split magnetic field into large-scale and random components:

B=B+6B

To first order, intensity and polarizations components are:

_ 0
I = s(1+%p)—s,m p[B]+£ (6B) +...
B
Q = [m+fﬁ_<5m+
= sp|alBl+ o)

uB}+i5 (6B) +...

U = SVPO aB B
B

They split into large-scale pattern and random component!



Estimator of dust column depth:

I1+P=s,(1+%p,)+0(6BY,

Estimators of magnetic field geometry:

._ Q 3p . 9q

= = Bl|+ ——| (0B)+...[,
=T3P = 32 |1 28|, 0P

- U 3p0 _ Ju

= = B]+ —| (0B)+...|.
“STiP T 3i2p "Bt oB| 0P

Reconstruct large-scale magnetic field using least square fit:

2 (7 ealBIV (7 — enB1 _ 3P0
1i=(G—eq[B]) +(@—eu[B])", « Trom
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Polarized Dust Emission is
Actually Very Simple!



Polarized Dust Emission is
Actually Very Simple!

Model It!
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Modelling Synchrotron
Emission





















V34°B,

Plw) = -~ [F(x)+G(x)]
3
Blw) = g%[F(x)—G(x)]

F(x)=fo§(§)d§’ G(x)=xKz(x), x:wﬂ
_34B.
2 mec

W,



Ryblckl & nghtman (1979) o

N(y)dy o<y "dy

P o<

4°B ( qB, "
mc? (mcw)

P (w)—P|(w
P (w)+P(w

G(x) ., _p+1
F(x) _p+

(w)= ; =

[SUIEN]
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Tt

M(w)=

Ryblékl & nghtman (1979)

N(y)dy o<y "dy

P o< quJ_( qB, )%(p_l)
mc2\mcw
P(©)—R(®) _ G(x) L_pel
P(w)+PB(w) F(x) p+1

But polarization fraction varies on the sky!



What are we lookmg at here?

Spatial dependence of
spectral index?

And why is it correlated to
magnetic features?



—The End -
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