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ABSTRACT

We consider the role of the galactic kinetic Sunyaev Zeldo\(i52) dtfect as a CMB fore-
ground. While the galactic thermal Sunyaev Zeldoviftee has previously been studied and
discarded as a potential CMB foreground, we find that thetlir®Z efect is dominant in
the galactic case. We analyse the detectability of the kirf®f dfect by means of an opti-
mally matched filter technique applied to a simulation of deel observation. We obtain no
detection, getting a/8l ratio of 0.1, thereby demonstrating that the kinetic $&a can also
safely be ignored as a CMB foreground. However we providenodithe expected signal for
inclusion in future high precision data processing. Furtigre, we rule out the significant
contamination of the polarised CMB signal by second sdatiesf galactic kinetic Sunyaev-
Zeldovich photons, since we show that the scattering of thdBB Quadrupole photons by
galactic electrons is a strongefext than the Sunyaev Zeldovich second scattering, and has
already been shown to produce no significant polarised ountion. We confirm the latter
assessment also by means of an optimally matched filter.

Key words: scattering — cosmic microwave background — polarization.

1 INTRODUCTION We will show, that the polarisation signal due to the intigns
CMB quadrupole is far more significant than that caused by sec
The role of the Sunyaev Zeldoviclffect (hereafter SZ) asa CMB  ondary scattering of the kSZ induced quadrupole. In aduiie

foreground has been widely studied for clusters of galafses also examined the relevance of the CMB quadrupole induced by
for example_Sunyaev & Zeldovich (1972), Sunyaev & Zeldovich the mildly relativistic motion of the galaxy in the CMB reame.
(1980),! Birkinshaw|(1999), Dolag etlal. (2005) and Schéfeal. This dfect, however, is known to be an order of magnitude smaller

(2006)). Due to the high cluster temperatures the releviatte than the intrinsic CMB quadrupole (Hinshaw et al. 2007) egad-

in these cases is the thermal SZeet (hereafter tSZ), while the  though it is slightly more relevant for polarisation protian than
kinetic SZ dfect (hereafter kSZ) is secondary. In this work we the kSZ quadrupole, also negligible. The CMB quadrupol@ded
study the galactic SZffect. The relevance of the tSAfect as a polarisation by galactic electrons has been shown to besigniif-
galactic foreground has been ruled out by previous studies€.g. icant CMB polarisation foreground (Hirata et al. 2005). Wac
Hinshaw et all 2007, also sectibn_2]1.1). As we will show, how firm this result in sed_4]12, where we demonstrate by means of a
ever, the kSZ ect makes a significantly higher contribution. This matched filter that no galactic signal can be detected evamas
is confirmed by an independent galactic kinetic $i2e simula- ing an idealised experiment. Hence polarisation contidbstdue
tion made by Hajian et all (2007), with whose results ourgagr  to the weaker galactic kSZffect can safely be ignored as CMB
Even though the galactic kSZ4tect is more significant than the  polarisation foreground.

tSZ dfect, we demonstrate by means of the optimally matched fil-

ter technique that it is still not a significant CMB foregraelin The structure of the paper is the following. In seciigd 2.1 we

We extend our search by also investigating whether the sec- give a brief description of the SZfect, while in sectiof 212 we de-
ond scattering of galactic kS4tect photons could present a sig-  scribe the Thomson scattering theory and check for theaetmyof

nificant CMB polarisation foreground. The strength of the po- the kSZ dfect polarisation signal. Sectiéh 3 describes our simula-
larised signal due to Thomson scattering by galactic elastiis tion of the galactic SZfect and the polarised Thomson scattering
determined by the intensity of the incident quadrupoleatigin in emission. In Sectionl4 we describe our attempt to measurZhe
the rest frame of the electron. Hence we assess the impertdnc  and polarised Thomson scattering signature in our sinalatiWe

a polarised foreground by the intensity of the incident qupdle draw conclusions in Sectidd 5 and discuss how both the kSZ and
radiation source. the polarised Thomson signal can be ignored as CMB foregioun
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2 THE SUNYAEV-ZELDOVICH EFFECT 2.1.1 Order of magnitude estimate of the galactic thermal SZ

Here we present a brief theoretical introduction to the $&¢ and effect

perform an order-of-magnitude estimate of the galacticaS® the Previous works have ruled out the relevance of the thermafSz

kSZ effects as a first step toward investigating their importance as fect as a foreground for the CMB (see_Hinshaw et al. 2007)yThe

CMB foregrounds. We do also check whether any relevant atinta ~ estimatey ~ 2 x 108 by assuming a maximal temperature, den-

nation of the CMB polarisation signal due to the galactic leB&ct sity and LOS distance in EQ] 4. Thus they argue that thefB&tte

is expected. can safely be ignored as dfilise contaminating foreground signal.

Indeed the galactic tSA%ect would produce a variation in tempera-

) ture about three orders of magnitude smaller than the CMBay

2.1 Basics anisotropies, at most.

The SZ dfect is a distortion of the CMB signal caused by the

scattering of the CMB photons on moving free electrons (see

Sunyaev & Zeldovich 1972, 1980). There are two components of 2.1.2  Order of magnitude estimate of the galactic kinen@c
the SZ dfect: the thermal SZfeect due to the electron thermal effect

velocities and the kinetic SZffect caused by the bulk motion of
electrons in the CMB rest frame. The CMB spectrum distorted b We will now attempt an estimate on the kSZ signal strengte Th

the Compton scattering is given by variation in temperature due to the kSZ (in the CMB rest-&aim
given bysT/Teme = 78 which is a function of the thermal elec-
(¥ = lems(x) +dhis2(¥) + 5_|kSZ(X) @ tron density and the LOS components of the electron vedciti
= io[i(x) + g(x)y — h(x)74], the CMB rest-frame (Ed.]6). As a rough estimate, we consider a

homogeneous gas distribution with electron density 0.1cnts

(Cordes & Lazio 2002), and a constant velocity of 371knfsee
Fixsen et al._1996) all along the LOS, with a lendth= 20 kpc,
lems(X) = i0i(X), 2 through the galactic plane. Hence,

where x = hyv/(kT) is the dimensionless frequency. The CMB
blackbody spectrum is

with normalisation factoig = 2(KTemn)®/(hc)? and spectral shape 78 = 6Tisz/Tems ~ o1 LNe8 ~ 4- 1075,
i(x) = x3/(€" - 1). The second term on the right hand side of[Eq. 1

describes the tSZfkect. This éect has a spectral shape given by This toy scenario portrays how large the kSieet amplitude
could maximally be in the direction of the galactic planeotibh
9(x) = xel (Xe?<+ 1 _4) ©) still smaller than the CMB anisotropy signal, it is signifitiy
(-1 e-1 ' greater than the thermal S#ect (about two orders of magnitude).
and amplitude given by the Comptonization parameter fovargi 1 hiS motivates us to undertake a more precise analysis optte-
line-of-sight (LOS), nomenon by constructing a synthetlg map of the galactlcll‘fﬁie
(see sed.3l2) and to check whether it can be a non-negligitiie
y= niz;z fdl ne(1) KTo(1). (4) foreground (see seld 4).

The last term on the right hand side of Eg. 1 represents the kSZ

effect. It has the spectral shape o .
P P 2.2 Polarisation due to Thomson scattering

h(x) = (exxi—exl)z (5) Polarisation due to Thomson scattering depends only on the
quadrupole of the incoming radiation as is briefly demonestran

and depends on the LOS integral the following.

_ The Q and U Stokes parameters due to Thomson scattering

B=o07 fd| ne(1) A(1). (6) for each LOS are computed for a local coordinate system whose

] ) ) ] xy-plane is orthogonal to the LOS and whose z-direction gsoin
Hereg is the velocity component along the LOS in units of the (] the observer. To consistently compute the Stokes paeasier

speed of light. . ) ) all directions on the sky we adopt the convention where thgis-
Itis common practice to display CMB measurements in terms  pints in negativey’ and the y-axis in negativé direction of the

of temperature distortion maps. This is specially convetrfier the observer-centric coordinate system whosexis points towards
kSZ dfect, which can be interpreted as a frequency independent ihq gajactic centre while thé axis points towards the galactic north

change to the original CMB temperature. The spectral distos pole. Assuming the usual and ¢ angles for the local coordinate
introduced by the kSZféect are system we have

ol - oT
1092100+ (5] o0 =nfi0-m0gT ) D o3 [ang [aa st coszien, ®

and therefore identical to spectral distortions generated tem-
perature change, to first order. Hete= kth whereT’ = Teyp+6T
andsT < Teme. Comparing EJL arld 7 suggest the identification )

78 = 6Tksz/ Teme. In contrast, the tSZ spectral distortions cannot be The terms sifig cos 2 = VS’T/15(Y22(9» )+ Y;2(0, ¢)) and
described by a simple frequency-independent temperahaege. Sirfg sin2p = —i M(Yg(e, #) = Y530, qb)) are linear combi-
However, for our galaxy the kS4fect dominates by orders of mag-  nations of £2 spherical harmonics, i.e. the quadrupole (here spher-
nitude over the tSZféect, as we show in the following. ical harmonics are denoted §§f'(6, ¢)). Hence only the quadrupole

U= % fdlne(l)fdﬂ Sirf 0 sin251(6, 4, 1). 9)
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part of [ (6, ) survives the integration over the whole sphere:

8r
\/ 15 (a2 + @-2)
/327r
—Rea,
15 2

. |8
-l \/ 15 (a2 — @-2)
= 32ﬂlma
= \/ 15 2.

Here, thea, are the spherical harmonic dieients. We have made
use of the property _, = —1Ma; of the real valued brightness
distribution, with the asterix denoting complex conjugati

fdQ Sirf @ cos 2 1(6, ¢)

(10)
and similarly

fdQ Sir? @ sin 2 1 (6, ¢)

(11)

2.2.1 Estimating the relevance of the polarised signal

Here, we asses the typical strength of the polarisatiorasitaused

by second scattering of the kSZ photons. To do so we compare it

to other possible sources of polarised radiation. In orolétentify
the dominant polarisation signal we only have to find thergjest
quadrupole source.

Table1 lists the total power of all possibly relevant quadie
sources. Notice that other foregrounds like synchrotrordust
emission present even stronger quadrupoles, howeveg tiey
have frequency dependent brightness temperatures, tmgyirca
principle, be removed. We see that the CMB quadrupole is by
far the most significant contribution. The Doppler quaditaptue
to Earths motion in the CMB rest-frame is negligible, whitet
qguadrupole due to second scattering of the k$2ce is even
smaller.

We first perform an order of magnitude estimate to obtain the
upper limit for the polarised signal due to the scatterinthefCMB
guadrupole by galactic thermal electrons:

We refer to the CMB power spectrum givenlby Hinshaw et al.
(2007). In their table 7, they display the quantfy? = 211uK?2. It
is given byAT? = I(1 + 1)Ci/(27), andC; = 1/(2 + 1) Sk, laml>.

For a rough upper limit estimate, we assume all quadrupolespo
to be concentrated on only the real pargf = v/5C,. Assuming
a homogeneous thermal electron number density- 0.1cnT3
(again following| Cordes & Lazib 2002, as in section 2.1.2nal
a LOS ofL ~ 20 kpc (say towards the galactic centre) we get,

[3
Q or E|_neReazz: 2-102uK.

The polarised CMB intrinsic anisotropies have maximum ampl
tudes of~ 10% of the total CMB anisotropies whose maxima are
typically around a few 1Q€K (see figure 15 of Page et/al. 2007).
Hence, the polarisation signal due to Thomson scatterinthen
galactic electrons from the CMB radiation (only a few30K) is
likely to be undetectable on any Q or U maps. The much weaker
kSZ contribution (see tablgl 1) is thus likely to be an indigni
icant contamination to the CMB polarisation. This is supgdr
by detailed computations of the Thomson scattering of theBCM
gquadrupole by galactic electrons performed by Hirata €Ra05).
The authors verify that the galactic Thomson signal is nagiaifs
icant contamination to the intrinsic CMB polarisation.
Complementary to the arguments presented in Hirata et al.
(2005), in sed.4]2 we confirm by means of the matched filtdr-tec
nique applied to our simulations that the signal is not detge,

(12)
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3
Quadrupole source Cy
CMB 221uK?
relat. Doppler fect  345uK?2
kSZ efect 102uK?

Table 1. Amplitude of the quadrupole moments in order of their signifi
cance. The relativistic Dopplefffect quadrupole moment is calculated for

B ~ 12-10°3. The CMB quadrupole given by Hinshaw et al. (2007) in-

cludes this value (i.e. they do not attempt to subtract inftbe measured
value). The kSZ quadrupole moment is obtained from our sition in sec.

[B2. Other foregrounds with frequency dependent brigisthesiperatures

like synchrotron or dust emission are assumed to be removed.

consequently neither is the one due to the second scatterk®y
photons.

3 SIMULATIONS
3.1 The code

We modified the Hammurabi-code originally designed for sim-
ulating galactic synchrotron emission_(Waelkens etlal. 7200
EnRlin et al. 2006), to calculate the LOS integral given in [Hq
(for the kSZ dfect) and in EqB andl 9 (for the polarisation due
to Thomson scattering). This code uses the HEALPIx pixatisa
schemel(Gorski et al. 2005).

3.1.1 Line-of-sight integration for the kSZesct

The flux associated with an observation beam, whose width and
shape is related to the HEALPIx pixels, is calculated byrtglsam-
ples of the thermal electron density and the velocity aldwgltOS

at equal radial intervals. To compensate for the wideninghef
beam cross section as one moves farther away from the observe
the observation beam is, after a certain distance, spbt4nsub-
beams over which we then average. Each sub-beam is again indi
vidually sampled at the same regular radial intervals asrbefind
split again after twice the first distance, and so forth. Bhisids an
under-sampling of the thermal electron density and LOSoislo

at large distances from the observer.

3.1.2 Line-of-sight integration for the polarised galacti
Thomson scattering

In this case only the electron density is integrated alormylitie

of sight, however the computation is performed in an analsgo
manner to the previous paragraph. The resulting map is plieti

by thea,, component after a rotational coordinate transformation
for each dfferent LOS in order to get the respect®@qEq.[8) and

U (Eq.[9) Stokes parameters. The computation of the prager
codficients is described in appendik B.

3.1.3 Galaxy model

Two input models are needed, a model for the thermal eledisn
tribution and a model for the galactic rotation curve.

(i) For the electrons we use the NE2001 model (see
Cordes & Lazin 2002). This model subdivides the galaxy iresav
large scale structure elements (thin disk, thick disk,a@rms,...)
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Figure 1.6T = 78- T map inuK. The monopole and dipole components of Figure 2. Stokes Q iruK.
the map have been subtracted in analogy to what typicallyrie dor the
observations (e.g. WMAP). Our simulation shows that theimar ampli-
tude of the map decreases by about 20% once the kSZ dipolbtiastied.
Notice the features due to over dense or under dense regichs iocal
interstellar medium.

as well as some local small scale elements such as supeingvae
bles.

(ii) For the galactic rotation curve we assume a constanteval
of 220 knys above a galactocentric distance of 2 kpc. Below this
distance the velocity fallsfblinearly to zero while approaching the
galactic centre. This is an approximation for the obseratdtion
curve (see e.02, and references therainich
should be adequate to determine whether the galactic K®Zte 115000 s
can be detected.

Figure 3. Stokes U inuK.
3.2 Constructing the kSZ map

The velocity of each point of the galaxy with respect to theBEEM  rder ofuK, in accordance with the estimate obtained in section

rest-frame is subdivided into two components. The rotatieloc- [2.1.2, and two orders of magnitude smaller than the CMBrisici
ity of the galaxy o) and the position-independent translation ve- - apjsotropies.

locity of the galaxy ). The first quantity is obtained from our
rotation curve model. The later quantity is obtained by adit
ing our solar systems galactic rotation velocity vectoQ(R2y/s in

| = x/2 direction) from the measured total CMB frame velocity

(371kmys inl ~ 1.47r andb ~ 0.27x dirsection, se¢ Fixsenetlal.  The expressions for the Q and U stokes parameters [Egs. 8 and
1996). Since the resultingis small¢- 10°%), we can safely ignore assume that the negative z-axis of the coordinate system c

3.3 Constructing the polarised Thomson scattering maps

relativistic éfects when adding velocities. incides with the LOS direction. Thus it is necessary to cotapu
However, relativistic #ects may need to be considered for the he appropriate, codficient for each direction on the sky. This
temperature transformation. So far we obtainedrthe 6T /Tcus is done by rotating a set @b codficients, which are given in
sky in the CMB rest-frame. The relativistic temperau;rmﬂfar- a certain coordinate system e.g. that in which the WMAP data
mation is given bydTopst = 6 Tcmps [y(l+ (ﬁmtuobsf))]_ . Here are presented, to the proper coordinate system in whichebe n

Hopst IS the cosine of the angle between the opposite of the CMB ative z-axis is aligned with the LOS. The procedure for intat
frame motion direction and the LOS in the observer rest-&anmd am codficients is described in detail in Varshalovich €t al. (1988)
y = (1 - 22, The relativistic correction to the temperature is and|de Oliveira-Costa etlal. (2004). For completeness, were
small, in the extreme a factor (1 + 10°%), which can be safely duce our special case in the apperdix B. Having performedothe
ignored, leavingTopst = 6Tcmst- Thus to obtain the kSZ map we  tation we may apply Eq§. 10 addl11 to each position on the sky,
can neglect all relativisticfects. which after performing a LOS integral of the thermal elentden-

Finally, we obtain the kSZ map by inserting our galaxy model sity, finally allow us to compute Q and U, using Efk. 8 &hd 9 re-
in Eq.[@. The resulting map is shown in figlrk 1. Note the local spectively. The resulting full sky maps are shown in figlijes &

interstellar medium features of the thermal electron dgmsbdel B. The maximum amplitudes are 103 uK, about one order of
(see sed._3.11.3). We subtracted the monopole and dipolecar-ac  magnitude lower than our estimate in secfior 2.2. Out of tre@
dance with the standard practice of subtracting the momroantl U maps, the E and B mode spherical harmoniditcients are ob-

the relativistic-Doppler#ect induced dipole from maps displaying tained. Since most of the CMB polarisation power is in E modes

the CMB anisotropies. Our simulations show that this hasallsm the B-modes signal of the polarised galactic Thomson stagtes

effect, decreasing the maximum amplitude of the map by about more relevant as a CMB polarisation contamination than tineee

20%. sponding E-mode signal. In séc. 4.2 we search for B-modeakign
The maximum amplitudes of the simulated signal are of the contamination by polarised galactic Thomson-scattering.

© 2002 RAS, MNRAS000,[TH9



Camouflaged galactic CMB foregrounds: total and polarizedtdbutions of the kSZfgect 5

1le+06 ——r e R
WMAP 3-yr -~
Planck noise ———-
10000 kSz |
T-FF 3w ¢'$-$++4+*+*+M++++ﬁﬂ++ﬁ.,..x
T 100 F -
3 .
E
S 1 |
—
X
o 0.01 |
0.0001 |
1le-06

Figure 4. Comparing the CMB power spectrum to the simulated kSZ power

spectrum. The saw like pattern for the kSZeet power spectrum is due to
the fact that even spherical harmonics are zero at the agofitbe coor-
dinate system, which in this case corresponds to the galplethe. Hence
odd modes will have more power.

4 FILTERING

In order to estimate the feasibility of a detection of tlfiieets dis-
cussed above, we construct and apply an optimally matched fil
to simulated data, where we probe for the galactic kSZ aratgal
polarised Thomson scattering signatures.

The optimal matched filter was proposed for measuring ra-

dial bulk motion of galaxy clusters through their kSZ imgrin

(Haehnelt & Tegmark 1996) and subsequently found a wideerang

of applications in the literature, such as weak lensing hadrS ef-
fect (see e.g._Maturi et al. 2005, 2006). A scalar adaptiveeggi-
sation of the filter on the sphere was done by Schafer et @062
and later extended to allow non-azimuthally symmetric cisjeo

be detected (McEwen etlal. 2006). We use a similar approach to

Schafer et all (2006). However, instead of convolving tMB3ig-
nal and the filter for various positions and orientations, need
only perform one convolution since we already know the jpmsit
and orientation of our signal. Details are presented in gpeadix
[Al The estimate of the maximum amplitude of the targetedadign
is given by the convolution of the filté¥ with the signalS

A= f dQ ¥ (6, $)S(6, ¢), (13)

while the variance is

o2 = <A>2 —A2=ZZC| Wml? -
| m

Hereyn, is the spherical harmonic cfirient of the filter. The an-
gular power spectrum of the noigg ] is either, in the kSZ case, the
temperature angular power of the CMB plus instrumental Gans
noise, or, in the polarised Thomson-scattering case, tineoBe
angular power spectrum plus corresponding Gaussian metrtal
noise. The filter is defined such that is minimal while the bias
b=(A)- A=0is zero.

(14)

4.1 Filtering on simulated data: galactic kSZ

We consider the ideal situation in which the only additiochtri-

bution to the CMB plus instrumental noise signal is the kE&at.
We do a simulation of the CMB sky with a sampling resolu-

tion of about 7 arcmin (corresponding to the HEALPix paramnet

© 2002 RAS, MNRASD0O,[1HS

Figure 5. Simulated CMB sky contaminated by the simulated galactié kS
effect.

©)

Figure 6. The optimally matched galactic kSZ filter. Note the featudae
to the local inter stellar medium components of the therreadteon density
model (Cordes & Lazio 2002).

NSIDE=512) and assume experimental characteristics expected for
a Planck-like experiment, i.e. a resolution of 10 arcmin arsén-
sitivity of 5uK/beam. Given that the structures of the simulated
kSZ efect are mostly on larger scales (see figure 4), the sengitivit
instead of the resolution, is the more relevant instruniextarac-
teristic here. We generate a kSZ map with the same sampléaog re
lution, add it to the synthetic CMB sky and then convolve thegpm
with a one degree Gaussian kernel. This smooths the shadprisor
of the simulation and also ensures that our final map is phpper
sampled. The result is shown in figlite 5, in which no eviderfce o
the kSZ dfect is visible.

As a signal template we take the same convolved kSZ map
previously used in defining the data. This highly idealisgpraach
(assuming a perfect signal template and no contaminatiathsr
Galactic emission sources) is suitable to determine thigossible
filter performance.

The signal amplitude obtained by applying the filtering tech
nique is—10 + 21uK, with the variance given by E@.14. The ex-
pected maximum amplitude of the kSZ map, the quantity we are
estimating with the optimally matched filter, ilgK, according to
our model. Hence we have a signal-to-noise ratio of 0.1.

Although in this simulation no other foregrounds were
present, no detection was possible, demonstrating thatalaetic
kSZ dfect can be ignored as a CMB foreground.
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4.2 Filtering on simulated data: the B-mode signal

The measurement of CMB B modes is the next cosmological chal-
lenge and would be very relevant for constraining inflatigmaod-

els. The CMB polarised power is overwhelmingly in the E-ngde
contrary the polarised galactic Thomson scattering. Fi;, thur

simulation shows a balance between the E and B-mode power on

large scales, and aftiérence by at most one order of magnitude on
smaller scales. This implies that the galactic B-mode quirtation

of the CMB s relatively stronger than the corresponding &dm
contamination. Therefore applying the same filtering téspinm as

in sec[% we can investigate whether the polarised Thomsatr sc
tered B-mode signal is detectable and, if so, whether it devant
CMB foreground.

We use the predicted CMB BB power spectr@ff (as given
by the CAMB code,_Lewis et al. 2000) for a tensor-to-scaldiora
of 10°° (following [Hirata et al| 2005), plus the instrumental noise
for a sensitivity of 76 uK /beam and a resolution of 30 arcmin (cor-
responding to polarisation instrumental characterisifagPlanck-
like experiment), as the noise power spectrum ilEqJ]A10.t&he
sor spherical harmonic cﬁ’fcientsbm’m"”—) Tim for the B modes
of our polarised galactic Thomson-scattering simulation @sed
as the spherical harmonic deients of our template.

This analogy to the previous case is permissible sibge
is completely uncorrelated between eacfiadent mode (like the
CMB temperature power spectrum), and the CMB B mode signal
is uncorrelated with the galactic B mode signal.

We obtain an estimate of4 - 10°° + 5.8 - 102uK, against
the simulated signal amplitude of6l: 10-3uK. Since the achieved
signal-to-noise ratio is- 0.03, the Thomson scattering by galactic
thermal electrons is a negligible contribution to the CMBapisa-
tion signal.

5 CONCLUSIONS

We have investigated the role of the galactic kinetic Sumyae
Zeldovich dfect as a CMB foreground, both for the total and po-
larised emission. This was done by means of an optimally ineaitc
filter based on a model of the signal and the expected noisemow
spectrum. The filter returns an unbiased estimate of the sigakl
amplitude and is optimal in the sense that it provides thémrmim
variance for such a measure.

Regarding the non-polarised kinetic Sunyaev-Zeldovicisem
sion as a CMB foreground, we found that, although the ki-
netic Sunyaev-Zeldovichfiect is more relevant than the thermal
Sunyaev-Zeldovich féect, it is still not strong enough to be de-
tectable by means of an optimally matched filter.

Our simulation for the kinetic Sunyaev-ZeldovicHfext
shows the signal to be concentrated on the galactic planeewhe
the electron density is highest. The maximum amplitude ef th
simulated signal (the quantity estimated by the filteringcedure)
is 24uK. Assuming an instrument with resolution of 10 arcmin
and a sensitivity of mK/beam, we obtain a signal amplitude of
—10+ 21uK. Hence, no kinetic Sunyaev-Zeldovicliect signature
could be detected.

We further demonstrate that the secondary scattering efikin
Sunyaev-Zeldovich photons is negligible as a polarisatamnce. It
is a weaker ffect than the polarised emission due to Thomson scat-
tering of CMB photons by galactic electrons. Again by medrik®
optimally matched filter technique, we determined that #tiet ef-
fectis alsoirrelevant even as a CMB B-mode foreground,rassy

André Waelkens, Matteo Matusi Torsten EnfRlin

a tensor to scalar ratio of 19(where most of the polarised CMB
power is in E-modes, and hence the B-modes are more easiy con
tamined). The polarised galactic Thomson-scatteringasigralso
concentrated on the galactic plane. The maximum amplitéitieeo
simulated signal is 810*uK. Assuming a Planck-like instrument
with a resolution of 30 arcmin and a sensitivity 06 ZK /beam, we
estimate an amplitude ef4 - 1073 + 5.8 10~2uK; thus no contam-
ination of the CMB B-mode signal is detectable.

In conclusion, galactic foregrounds due to the kinetic
Sunyaev-Zeldovich féect are a certainly existing, however per-
fectly camouflaged contamination of the CMB. Nevertheléss,
is an expected physicalffect which generates 1% temperature-
fluctuation amplitude corrections on large scales, and shosild
be taken into account when estimating the error of precisiea-
surements as the Planck satellite will provide.
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APPENDIX A: FILTER DERIVATION

In this section we describe how to obtain an optimally matche
filter function'¥ (0, ¢) = > Xm¥imY["(6, ¢) for attempting to detect
a non azimuthally-symmetric target signal (such as theasidne

to e.g. the galactic kSZ or the B mode due to galactic Thomson

scattering) in the presence of a Gaussian random noisetke.g.
sum of CMB anisotropies, total or polarised, and the insautal
noise). We used such a filtering procedure in investigatadribe
RS dfect (Maturi et al. 2007).

Following the arguments layed out by Haehnelt & Tegmark

(1996), Maturi et al.| (2005) and Schafer et al. (2006), weuae

the data to be composed of the statistically homogeneous CMB

anisotropies, some instrumental Gaussian random noisethend
targeted signal. The expansion of the data in spherical trios

(Y76, ¢)) is

SO.4)= ). )" smY"(6, ), (A1)
| m

where we model the complex diieient 5, as

Sm = ATy + aym. (A2)

We chooseA to be the maximum amplitude of the targeted sig-
nal, while the morphology is encoded in the complex sphehiaa
monic codficient rj,. The sum of the CMB and the noise sky is
am = a, + Nm, Wheren, is the instrumental noise modelled as a
white Gaussian random noise field. Note that the ensemblagee
<alm> =0.

am complex value

s (—-1441-i188)/V2
a1 (-0.05+i4.86)/ V2
azo 1148

Table B1. Theay, codficients calculated from the real valued flaBents
in table 6 ol Hinshaw et all (2007). These ftugents are obtained for the
z-axis of the coordinate system pointing to the galacti¢mpole.

-1 m
% S (ltml?/C1) C

Analogous to the flat space results in Haehnelt & Tegmark},99
the filter gives preference to modes where the ratio of thgetar
signal to the noise is largest. The estimate of the targeasigm-

plitude is performed using EG._A4 with the error given[byl Ag@lan

the filter by[AT0.

'»[/Im (AlO)

APPENDIX B: ROTATING SPHERICAL HARMONIC
COEFFICIENTS

Here we describe how a set of spherical harmonic quadrupele ¢
ficients @) transforms under a rotation of the coordinate system.
In particular we obtain the rotated spherical harmonicfibcient
needed for computing the Stokes Q and U parameters [[(Egs. 8 and

In the studies mentioned above, the convolution of the filter Bin secLZ.P).

with the total signal is performed for all positions on they gkr
the corresponding analogous on the plane),fiaat generating a
convolution map described by

¥xS= fdQ‘I"(()—a,qS—,B)S((),qb).

In our case, however, we know the precise position and @iemt
of our target signal, therefore we need only to evaluate tmya
lution for a single position on the sky. We define the estina@tbe
target signal strength to be

A= f dQ S(6, ¢)¥(6, ¢).

We want to estimate the real peak amplitude of the tarffece
accurately. Hence we enforce an unbiased estimate

(A3)

(A4)

b=A-<A>=0, (A5)
with variance
—2
o2 = (A)-A=>"% Ciluml. (A6)
| m

We enforce the condition that the variance be minimal by re@én
Lagrange multipliers. We are looking for the filtérwhich would
give the smallest error for the estimate in Eq] A4, subjedhto
constraint of being unbiased (Eg.]JA5). Thus we solve

0 2 7RE
M*(a - Ab- b7 =0. (A7)
The resulting filter is given by
_ /1T|m
Yim = c (A8)
which, when substituted in EG. A5, yields
! and (A9)

P I —
%1 Zm(Itml” /C1)

The real-valueay,, codficients for the CMB radiation given
by|Hinshaw et al.. (2007), are related to the complex-valyses
ical harmonics (the convention in this paper) as listed bietld

The transformation of spherical harmonics under a rota-
tion described by the Euler angles, 8 and y is given by
Varshalovich et al! (1988):

|
Y(0.9) = ), Dhy (@, B.1Y0. 9), (81)
m=-I

whereD'mm(a,ﬂ, v) is the Wigner-D symbol. The hat denotes quan-
tities in the rotated coordinate system, otherwise questiare
taken to be in the usual coordinate system where z pointstisva
the galactic north pole. In our case, the inverse transftiomas
needed,

[

Y(©.9) = ) Dhm @B Y@ (82)
m=—I

The inverse of the Wigner-D symbol is given by

D~ e (@.7) = Dy (@ 8.7), (83)

here the asterix denotes complex conjugation.
We can write the total quadrupole intensity as a combination
of spherical harmonics in any coordinate system

2 2
heo(6.6) = D 2mY5(0.6) = ) &n¥P(@,9). (B4)
m=-2 m=-2

Substituting BR il B, multiplying by2(6, ¢), and perform-
ing an integral over the whole sphere yields,

2
&y = Z am D2, (@, 8,7).

m=-2

(BS)
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The Wigner-D symbol i©2 , (. 8,) = €™d2,,"(8)€my, with

, €02 (8/2) sirf>"™(3/2)
2-m!2 +m)! '
We require the value dd,; in a coordinate system which has
its negative z-axis pointing in the direction specified by tisuab
andg¢ angles. The corresponding Euler angles are

dz,, (B)=[(2+ m)(2 — m )14ty

y=-n/2,B=1-60, a=¢—-m.

Note that this means that the x-axis and y-axis point in riegat
and negatived directions, respectively. This is the coordinate sys-
tem in which the Stokes Q and U parameters are calculatedsin th
work.

Insertingay, in Eqs[I0 an@ 111 and multiplying these with the
corresponding LOS integral of the thermal-electron dgresid the
appropriate constant pre-factor yields Hds. 8[and 9.

This paper has been typeset fromgXTIATEX file prepared by the
author.
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