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The problem of averaging

Spectral parameters (e.g. f, T for the MBB) of SEDs change with physical conditions across the sky/galaxy
(Predicted theoretically and veritied observationally e.g. [Pelgrims 2021])

[Planck 2018 V]
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Fixed SED in every volume element

* Line-of-sight average (always there!)
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The problem of averaging

Fixed 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]



What are we actually averaging over?

Q and U can be u nited to form the complex number (spinor)
* Its module, P, is called the polarized intensity

Under reasonable assump’uon Pig I is the SED
e |t'sphase, yis cal\ed the polarlzatlon angle e
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What are we actually averaging over?

You expect that \ocaHy 3 dust gram emits with a modlfled black
body (MBB) (at CI\/IB vvave\ength) [P\anck 201 8 XI]

L. Vacher- CMB-france #4 2022 /



What are we actually averaging over?

You expect that IocaHy,. a dust gram emrts wrth a modlfled black
body (MBB) (at CI\/IB vvavelength) [P\anck 201 8 XI] o

o Pl - - -
B Planck \aw/Black body 8 (,B T)

* 1, reference frequency Emlsswlty -
((

. Ttemperature

— S ectra\ arameters
e fspectral index: F P p
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What are we actually averaging over?

You expect that IocaHy, a dust gram em|ts vv|th a modlfled black
body (MBB) (at CI\/IB vvavelength) [P\anck 201 8 XI] o -
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- The Polarized mixing

'\

Averaglng over spanrs Wlth dn‘ferent 1// w 7
l/jz, ﬁz’ TZ’ A2 | - ,‘.'t:; ~

. . woas 8 A aei - : = s
- ; el e L‘M_ Sas : " : .
i X - 7 e e '-- > v : . -~ '; v= )
» ) 5 = S L vy .- R - ~ - , ’ : - \! - P e 2 _ X
I I 1 ! ‘ " - . 1 - A A S ’ - A . B -
7 3 z = - . -; . PR SN e .-’_b Nis o e . ! 1 2
ol - R ek 3 - 2 . - Y- . . e s
w . . - : - -' - > R . - S " ot 2 : . J AR )

(P, > = A <ﬁ1, T 2 2“/’1 v Azg <ﬂ2, Tz) e 2"’”2 f ‘
+ Ae,(P, T)ezl*” "a

SEDs are not I|near
and they are welghtedﬂby
complex phases!
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Consequences of polarized mixing
&y > e Alg (,51, Tl)ezwj1 ‘|‘ A25 (ﬁza Tz)ez% 75 Ae (,5 T)ez”/’

SED d'Stort'O“S | <9§ ) | 'S ﬂOt the 'f-“anonlcal SED (a MBB)
anymore [Ch\uba 2017] . P T

Polarisation ang|e frequency dependence 1/1(9’ ) % l//V
[TaSSIS 2015] 5 -
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Consequences of polarized mixing
(P =M TI™ bl Py Tk ..

spin-moments: Both effects can be mOde‘ed/Predictedusing f.
moment expansion of the polarization spinor [Vacher 2022b]
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Consequences of polarized mixing

(2.) = A By T ot (6 T)e™ 4 ..

= &8, 1) (WO + I [ § B

With %
l

. ...
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Consequences of polarized mixing

(P,) = Ale,xﬁl, T1>e2“"«+Aze,,<ﬁ2, et

g (ﬁ T) WO (1 . — ln ey RS

The leading order can be mterpreted as@e (complex) correc’uon to
the spectral index. ﬁ — ﬂ + Aﬁ '
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Spectral dependence
of the polarization angle

llustration: sum of 2 power-laws

[Vacher 2022b]

60°
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Spectral dependence
of the polarization angle

llustration: sum of 2 power-laws

[Vacher 2022b]

60°

The same game ca‘n be p\ayed
conS|der|ng the temperatu re
(AT € C) or any Other SED Sie
[Vacher 2022b] | | M
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The E- and B-modes
e Quantifies patternsof the y/—fie/d

e Any po/ar:zed s:gna 93 (n ) G
can pe oleccmpcseo/ o
E- and B- modes GE motz theorem)
E(n) andB (n ): ‘ '

E+iB=~-0°P,
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The E- and B-modes

* Three angular power- spectra In
polarization: @EE SZ?B and @EB '_ |
Written « EE », « BB » aﬂd « EB Vi

f(f+ )
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The E- and B-modes

Ditferent spectra\ behawor for E- and B- modes in P\anck data

|Ritacco 2022]

150 200 100
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= >=MBB 1st der. T4

f3z=MBB 1lst der. Ty X 8

cross spectra EE
cross spectra BB



Intinite filament in front of a null background
E, x 0,
B, xU=0

[Zaldariaga 2001]



Intinite filament in front of a null background
E, x 0,
B, xU=0

[Zaldariaga 2001]



E and B

oo |11
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E and B

Polarized mixing III
il —> |/} s
%;ﬁcstzf(v), Ill

SED(E) # SED(B), l l l
w, (1)



E and B

Polarized mixing III
il —> |/} s
%;ﬁcstzf(y), Ill

SED(E) # SED(B), / / /
SED(EE) # SED(BB) # SED(EB),
EE/BB = f(v),



From Qand Uto Eand B

- 07

E and B should be trgated together as real and comp\ex |
components ot a single complex number! (as Q and U)
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From Qand Uto Eand B

(E,+iB)=~F(P)

4 '— e T \v\v 1 — it
= (ﬁ > ol i

The comp\ex phase of E + lB W|H become frequency dependent

E/B f(l/) B
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From Eand Bto EE, EB and BB

<@§X,> = 8_’/ (B,T)z Z

With X, X" € {E, B}

Knowing the f, <4 W, A d|str|but|ons one can Compute the spln-
moments maps Wﬁ and predlct the behavior of (S’ZXX)
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From E and Bto EE, EB and BB

| @le OX__I_@

WAW \v\vo XW ]

The orange term (\argest one) can be mterpreted as a z/”
dependent correction to ,6 B ﬁXX, ' e
Hence, after corrections: ﬁEE = ,BBB -2 ,BEB
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A Toy-model filament

Toy-model filament ' w(7n') 100 GHz

Simple model .
Filament in front of a background
Sums of 2 MBB m the ﬁlament
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A Toy-model filament

Toy-model filament ' w(7n') 100 GHz

Simple model .
Filament in front of a background
Sums of 2 MBB m the ﬁlament

NonzeroEB e
Phenomenon of « magnetlc
misalignment» .

[Clark 2021], [Cuklerman 2022]
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https://arxiv.org/search/astro-ph?searchtype=author&query=Cukierman%2C+A+J

A Toy-model filament

Simple model: _
Filament in front of a background
Sums of 2 MBB |n the ﬁIament

Spin moments _ :

Allow to understand and model
the spectral dependence of the
polarized power—spectra :

L. Vacher- CMB-france #4 2022 31



PySM models

Considering the PySM models: _
e dO: smg\e MBB W|th constantﬁ and T over the s|<y

e di: smg\e MBB W|th varymg ,B and Tover the s|<y
e d10: reﬂned version ofdl " & L
o di2:6 \ayer MBB W|th dn‘ferent ﬁ and ?;Qver the s|<y

Using the Planck galactlc mask (PLA) W|th fsky = O S and a 2
apodisation scale. - ' ' -
A single bin of £ € {2-200} n

31de

= 128, puriﬂcation-of E—_and B
modes ' ¢
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PySM models

Considering the PySM models: .

e dO: smg\e I\/IBI with constantﬁ and T over the s|<y

e di: smg\e MBB W|th varymg ,B and Tover the s|<y

e dif refmed version of d1 R e
o dizs \ayer MBB vv|th dn‘ferent ,‘ and f'-‘eover the s|<y

A Not expected to reproduce the reahty of the dust EB S|gna\
But provide still a good |Ilustrat|on of our pemts ‘ o

A Amplitudes of the effects W|H change strongly dependmg on the A
range and f ., con5|dered ' .
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PySM models

* |sa functlon of frequency as
expected! - Lo
e Spin moments = good
model
SEE(EB iRa probe of polarlzed

mixing independent of the , 200 300
canonical SED (MBB) v (GHz)
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PySM models

xLB
rise @_f -
T e

Looking at dlstortlons from ‘
MBB of EBsignal. “

B and T are fitted over the
EB signal ‘

200 200 300

v (GHz)
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PySM models

xLB
rise @_f -
T e

Looking at dlstortlons from ‘
MBB of EBsignal. “

B and T are fitted over the
EE signal ‘
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PySM models

Using the simple model:

and looking at deviations: [

~EB
fEXB % @f

? AT i .
@gB e | 250 300
' v (GHz)
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Conclusions

When averaging over diﬁ‘erentpolarizedsignal (polarized mixing): -_

e FF BB and EB wril have dlfferent SEDs and hence dlfferent plvots spectral parameters ,B,; - o

and Tf (Observed in Pianc|< data [thacco et al (2022)]) - o
e EE/BB will become frequency dependent (no matter what the canonrcai S:D.-' )-and provides -

a model |ndependent o

e EB is distorted.

* Spin-moment expansron aiiews to model the S:Ds suggestlng 3 common treatment forE

Eor |

and B (as tor Q and U)

All these considerations can be applied to any S

| XIB/Tr

robe of spatrai varratrcns of spectrai parameters and po arization angles

‘ .

= can not be used as promes for EB

DI (synchrotron) | : W
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First conclusions

In the presence of polarized mixing (i.e. average of different polarized
signalsjs = o e ' ' '

Prxel IeveI o ek Pewer spectra \eve\

o B \ 0, and U, are not MBBs | EE BBandEBare not MBBs E

anymore (SED drstortlons) ' squared anymore (SED drstortrons)
e ybecomes frequency : K EE/IB becomes frequency '
dependent <> Q and U have dependent < EE and BB have
different moments ) drfferent moments ~
e fQand Uaretreated | e IfEand B are treated ..
independently: 9 # ,BU Lo independently: ,B_I;E - ,B_I;B = ,B_Z;B
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