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Orion nebula
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=>Fluid approximation seems to be OK
=>We can use MHD for astrophysical turbulence
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Example of MHD turbulence :
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Fig. 5. WHAM estimation for eleciron density overplotted on the gure of the Blg Power Law Lo the sky

figure fromm Armsceong ec al. [1995). The range of statistical errors is mearked with the gray color,
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Other examples of MHD turb. in diffuse media
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Foregrounds:. do they matter?
e.g.) CMB observations (~GHz)
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Topic 1: Foregrounds can be understood!
=>» Example: synchrotron foreground

" Synchrotron emission:
S(r) ~n,B(r)
=>» gpatial spectrum of (r)

~ gpatial spectrum of B(r)
~ spatial spectrum of B(r) € MHD turbulence

= We know MHD turbulencel.

nside turb.: Goldreich & Sridhar (1995: incompressible);

Lithwick & Goldreich (01: high B);
Cho & Lazarian (02,03: low [3)

outside turb.: For many problems, Kolmogorov is OK.




Expected angular spectrum
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Note: k ~ 217X in flat space.
So, C, ~ [f(K)|? In flat sp.
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Observations (C ~ 1)
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Our modeél

Small angle limit L ‘
— v ~flat geometry
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- . Kolmogorov
Large angle limit 1

Analytical studies:Lazarian & Shutenkov (1990)



2m
Spectrum of a projected quantity: e.g.) BIDIrOJ /0 B)ds

projected B

Fourier transform of projected B
[1k,=0 planein k space =» P(k)LIk** If Kolmogorov



halo ~ small 8 limit
(for 8 < 6°; or |>30)

disk~ large 6 limit
(for 8 > 0.6°; or |<300)




Result (sm

ple model)
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More results (stratification effect, etc.)
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Topic 2: Aligned dust and polarized CMB

Emission from aligned dust is the most strongest
foreground for polarized CMB signals in K-band

IW\M|B
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™~ Stronger

Aligned grains emit polarized FIR/sub-mm.



Spectrum?
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Spectrum of starlight polarization: method
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B < power law spectrum .
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Equations

I 'dl/ds=—6 + Ao Q/I
d(Q/1)/ds= Ao — Aa(Q/T)?,
d(U/I)/ds=—Ao(Q/I)(U/I)

0 = (o1 +02), Ao = (01 — 02),
20’1:()]_?
200=01 — (0L — 0] ) COS"Y

See, for example, Martin (1972)



Result:
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Note: EE signal > dust foreground for largel’s




Topic 3: Removal of foregrounds
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“Foregrounds > CMB” doesn’t mean that we
cannot study CM B!
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Foreground removal: demonstration

True signal (CMB+foreground)

Low resolution all—sky map High resolution partial map
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Result
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Method: estimation of errors
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We want to know
the error here

We calculate all possible extrapolations here
=>» Then we calculate probabilities



Result: errors
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Topic 4. Removal of redshifted 21-cm foreground

¢
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21—cm
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Q: How can we
remove foreground?

> 10% times



Foreground: highly correlated
Our approach 21-cm: not correlated
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Basic idea
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Cae: What isit?
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Canweuse (C)—-Ca9?

/Tvl(ll y > Totav-v) + T(v,)
/ T, (W.Y) . After some algebra,
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Better expression:

/mu y > C=C9+ 2T, &l v,V ) +Cem

> C=Ca9+ 2T, d (V,-v, )+Cz2em
/ T\,.,,(u / 1™ 0 ( 2 c) |
— > CIZCIan + C|21cm

/ — av * cm
VN/ /. > CI_CI 9+ 2To a (VN-l'Vc)+C|21

/ > CI:CIavg + 2T0 d(VN_V9+ C|21cm

V.

<




Better expression:
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What about noise?

fore ground
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=>» Then we apply our method




Conclusion

* Foregrounds can be understood

* With accurate foreground models, we can
recover true CMB spectra

* We developed a new method for removing
the foreground of red-shifted H21 signal
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