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Galactic synchrotron emission represents the most relédosgground contamination in cosmic
microwave background (CMB) anisotropy observations atutargscalest 2 1° and frequen-
ciesv < 70 GHz. The accurate understanding of its polarization @rigs is crucial to extract
the cosmological information contained in the CMB polatiza anisotropy. Radio surveys at
v ~ 1 GHz offer the unique opportunity to study Galactic syntfmo emission where it rep-
resents the dominant component, possibly except for regitose to the Galactic plane where
free-free emission is also important. We review the obsEmal status of Galactic radio sur-
veys at scale® 2 0.5°. Leiden surveys, thanks to their frequency coverage frof0® GHz
to 1.411 GHz, still remain of fundamental importance for toenprehension of depolarization
phenomena. Recent surveys at 1.42 GHz (in both total injeasd polarization) with a better
sensitivity and sky sampling now cover both celestial hpmises and allow to accurately map
the correlation properties of the diffuse synchrotron ainis. We present an analysis of these
surveys in terms of angular power spectrum. A comparisonsifple frequency extrapolation
of these results with the recent WMAP results shows that welaise to map the bulk of the dif-
fuse synchrotron polarization fluctuations and to undacsthe corresponding implications for
CMB experiments.
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1. Introduction

The Galactic polarized diffuse synchrotron radiation ipemted to play the major role at fre-
guencies below 70 GHz on intermediate and large angulaes@k 30), at least at medium and
high Galactic latitudes where satellites have the cleasiest of the CMB anisotropies. At about
1 GHz the synchrotron emission is the most important radiathechanism out of the Galactic
plane, while at low latitudes it is comparable with the bretrehlung; however the free-free emis-
sion is unpolarized, whereas the synchrotron radiatioddceach a theoretical intrinsic degree
of polarization of about 75% (see [17]). Consequently, adokquencies are the natural range for
studying it (see [42]), though it might be affected by Fasad#ation and depolarization.

It is standard practice to characterize the CMB anisotsopigerms of angular power spec-
trum ([34, 22, 56]) (APS) as a function of the multipole(inversely proportional to the angular
scale,? ~ 180/6(°)), in total intensity T mode), polarizationKI, E, andB modes), and cross-
correlation modes (in particular, we will consider th& mode). Although the APS is certainly
not exhaustive to fully characterize the complexity of thiginsically non-Gaussian Galactic emis-
sion, it is of increasing usage also to characterize thedBal@reground correlation properties in
both data analysis and theoretical studies (see e.g. [1L.211,Using theanaf ast facility of the
HEALPi x ! package by [18], we computed the APS of the above modes foetfieus considered
surveys, sky areas, and frequencies.

2. Analysis of the Leiden polarization surveys

Nowadays the only available radio data suitable for maitjirency studies on large scales are
the so called Leiden surveys ([5]), globally covering a slacfion of about- 50%, mainly in the
northern Galactic hemisphere. These linear polarizationeys are the result of different obser-
vational campaigns carried out in the sixties with the Dweipg 25-m radio telescope at 408, 465,
610, 820 and 1411 MHz with angular resolutions respectiwefypgw = 2.3°,2.0°,1.5°,1.0°,0.6°.
The complete data sets as well as the observations redactibealibration methods have been pre-
sented by [5]. Specific interpolation methods to projecséhsurveys int¢dEALPi x maps with
pixel size~ 0.92° (see Fig. 1) have been recently implemented ([27]), catchiith the main prob-
lem of these surveys, i.e. their poor average sampling achessky and their limited sensitivity
(~0.34,0.33,0.16,0.11 and 006 K from the lower to the higher frequency, respectivelylcls
methods have been successfully tested against simulations

Three sky areas with sampling significantly better than teeage (by a factor- 4; [1, 6, 27])
permit to reach multipoleg ~ 100: patch 1 [(110< | < 160C°, O° < b < 20°)]; patch 2 [(B <
| <80, b > 50) together with (0 <1 <5° b>60) and (335 <| < 360, b > 60°)]; patch
3[(1 <1 <80, b>70)]. These patches are associated with the brightest stasctf the
polarized radio sky, i.e. the Fan Region (patch 1) and théiN@olar Spur (NPS) (patch 2 and 3).
The NPS has been extensively studied (see [43, 15]). Theidisebat better meet the observations
interprete the NPS as the front shock of an evolved SuperRevanant (SNR), whose distance
should be~ 100+ 20 pc (inferred from starlight polarization, see [3]). Innt@st, the present

Universities of Bonn and Cologne.
Lhttp://healpix.jpl.nasa.gov/



Polarized synchrotron emission Carlo Burigana

Pl @ 408 MHz Q ® 408 MHz U @ 408 MHz

e e
- . -
W e TR X P
4{ . ol . .
LA L T e P
i b
LR T 4
2 1
- ‘”
AN [§ N

Figure 1: PI, Q, andU maps at 408 MHz and 1411 MHz obtained from the Leiden surveys @bles.
Adapted from [27].
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Figure 2: Left pariéals: polarization APS<sQ at 610 MHz (solid lines) foe survey full coverage (left panel)
and patch 3 (right panel) together with the correspondirgg fitecurves (dot-dash lines). The lower curves
in each panel arétf', while the other ones represdﬁ\fB multiplied by 10. Right panels: synchrotron
component of the APS derived for the survey full coveragetierpolarized intensity (left panel) and for
CKE;B (right panel) at the various frequencies: 408 (solid lin&g5 (dashes), 610 (dot-dash), 820 (three

dot-dash), and 1411 MHz (long dashes). Adapted from [27].

knowledge of the Fan Region is much poorer. A rough estimfiits distance can be derived from
purely geometrical considerations: it has such an extenhersky that it must be located within
(1-2)x 10? pc from the Sun not to have unrealistically large dimensiee(also [54]). Another
common and remarkable characteristic of the selected ardast the polarization vectors appear
mostly aligned at the two higher frequencies of the Leidervests. Another region (patch 4)
located at (70< | <120, —45° < b < —15°) with a sky sampling in the average (its APS is
then statistically relevant only faf < 50) but characterized by a rather low signal has been also
considered by [27].
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2.1 Angular power spectra

In general, thé andB modes turned out to be extremely simifaso that, instead of studying
each of them singularly, it can be more advantageous todentieir averagé:[,E;B = (CE+CPB)/2
([27]). In some cases we could even consider a unique APSedefis(C)"' +CF +CF)/3. The
maps essentially represent the Galactic polarized sytromr@mission, smoothed with the beam
of the radiotelescope and contaminated by the noise. As seqoence, their APSs can be fit
as the sum of two component§; = CY"W; +CN. We exploit the power law approximation
CY"M'~ k. £ and assume a symmetric, Gaussian beam, i.e. a window fangtie- e~ (%0,
where g, = QHpBW(rad)/x/Sl—nZ . Under the hypothesis of uncorrelated Gaussian ranuuise
(white noise),C} = C¥N ~ const . The fit has been performed on the multipole rgd88e200
for the patches ang,20Q for the full-coverage maps ([27]). In fact, the flatteningcoing
at higher multipoles helps the recovering of the noise @isin spite of the fact that no reliable
astrophysical information can be derived for 100 from the APSs even in the three better sampled
regions ([6]). For the patches, a single set of the paramegtar allows to describe the APS in the
entire range of multipoles. In the case of the survey fullezage two sets of, a are needed, each
of them appropriate to a certain multipole range. In factalbfrequencies a change in the APS
slope occurs in correspondance/of 10 for bothC}' and (CF + CP)/2. As an example, Fig. 2
displays the APS and the corresponding best fit curve at 61@ MHthe survey full coverage
and one patch. It shows also the recovered synchrotron N for the survey. Table 1 lists
the values ok, o obtained for the patches. In the multipole ranges30< 100 a general trend
appears: from the lowest to the highest frequency the skeppens from- —(1-1.5) to~ —(2-3),
with a weak dependence on the considered sky region ([27]).

408 MHz 465 MHz 610 MHz 820 MHz 1411 MHz
K(MK?) | -a | k(MK?) | -a | k(MK? | -a | k(MK?) | -a | Kk (MmK?) | -a
1(9.80-10* | 0.99| 6.00-10° | 1.50 | 2.21-10° | 2.05 | 3.08-10° | 2.59 | 9.80-10° | 2.90
1.00-1C° | 1.10| 6.00-1C° | 1.67 | 9.44-10° | 2.69 | 2.02-10° | 2.64 | 9.80-1C° | 2.90
2|126-106 | 1.81| 2.50-10° | 1.95| 2.00-10" | 2.66 | 2.58-10° | 2.56 | 1.85-10C° | 3.13
1.26-10° | 1.10| 1.00-1C° | 1.32| 3.10-1C° | 1.82 | 2.00-1C° | 2.68| 1.85-1C° | 3.13
3(800-10* | 1.12| 1.81-10" | 2.61| 1.65-1C° | 2.09 | 1.52-1C° | 2.56 | 1.70-10° | 2.45
1.20-10° | 1.61| 8.00-1C° | 1.32| 9.00-1C° | 2.28 | 3.53-1(° | 2.93| 2.70-1C° | 2.10
41200-10* | 0.91| 2.60-10* | 1.08 | 3.10-1C° | 2.69 | 3.36-1(C° | 3.07 | 6.10-1C° | 2.97
2.00-10* | 0.91| 1.10-10° | 1.65| 2.60-10° | 2.24 | 7.00-10* | 2.28 | 1.00-1C° | 3.33

Table 1: Least-square best fit parameterand a obtained in the APS analysis of the patches. Relative
errors on the best fit parameters ar&0%. The considered multipole range is [30-200]. For eattipshe
first (second) line refers @ (CF®). Adapted from [27].

20n the contrary, th& and B modes of the primordial CMB anisotropies differ largely heyt are induced by
different mechanisms (e.qg. [44], [25].
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3. Multifrequency APS analysis of Faraday depolarization &ects

The theoretical intrinsic behaviour of the synchrotromakattensity emission predicts a power
law dependence of the APS amplitude on frequerE§"" 0 v—- = C¥"(v) O v—28 where
B =0+ 2. The values 0d deduced from radio observations change with the considseggosi-
tion and range between 0.5 and~ 1 (see [39, 36]). In principle, one would expect the synadirot
emission to be highly polarized, up to a maximum percentdge 6% ([17]). In the ideal case of
constant degree of polarization the above formulae wouybdiyaadso to the polarized component of
the synchrotron emission, once the brightness temperhagdeen properly rescaled. However,
depolarization effects are relevant at radio frequenaielscan mask a possible correlation between
total and polarized intensity. The current knowledgg8dbr the Galactic diffuse polarized emis-
sion is very poor, but already indicates that due to depgatidn phenomena the observgdtan
be much lower than- 2.7 (e.g. for the NCP [52] quotg ~ 1.87). From the values (ﬁZ’}CTv) at
various/, the APS amplitude is found to decrease with frequency,Hisifitequency dependence is
weaker than that observed in total intensity, as expectéiaeipresence of a frequency dependent
depolarization ([27]).

An electromagnetic wave travelling through a magnetizessipla will undergo a change in
the polarization status. Its polarization vector will béated by an anglag[rad = RM[rad/m?] -
A2[m?], where the rotation measuiRM, is the line of sight integraRM|rad/m?] = 0.81 [ ng[cm3] -

B, [uG]dl[pc]|, beingne the electron density a8l the component of the magnetic field along the
line of sight. In theslab model[9]), differential rotation of the polarization angle deases the
polarized intensity (Faraday depolarization) and the nteskand intrinsic polarization intensities
are related by POPS(A ) = TP ()).|sinAg/Ag| . Being(TP)? 0 C,(v), the above formula reads:
Cy(v) =CI(v) - (sinAp/Ap)? , whereCI''' (v) = k - £% - v—2P _ At a given/, considering two fre-
quencies we haveC,(vy)/Cy(va) = (v1/v2)# - (A /D@ )? - (sinAgy/ sinAg)? . Given B, the
expression on the right side of this equation can be commgedfunction oRM and the observed
value ofCy(v1)/Cy(v2) can provide informations aboBRM.

If the polarization angles vary within the beam area, theseolations of the same sky re-
gion with different angular resolution will give an apparehange of the polarized intensity with
frequency because beamwidth depolarizatigron the contrary, bandwidth depolarization is neg-
ligible for these surveys (see [16, 45]). Supp@sesw;1 andBhpew2(< B1pew1) are the angular
resolutions respectively & andv,. The effect of beamwidth depolarization 6p(v1)/C,(v2) can
be removed smoothing the map at the frequewcto the (lower) angular resolution of the map at
the frequencw; or, equivalently in practice, multiplying the observed AR&tio,C(v1)/Cy(v2)
by €49)° whereAdy, = 012 — 0,2 (G; = Bupew; (rad)A/8IN2 ;i = 1,2).

Therefore, frorrC;y”Ch(820 MHz)/C;y”dlel MH2) (case in which the oscillations of this
theoretical ratio do not introduce the dramatic degeramagippearing at lower frequencies), the
following intervals ofRM are found to be compatible with the data:9-17, 53-60, 75-87, 123-
130 rad/m together with two narrow intervals at 70 and 140 rad/f([27]). A typical RM value
of ~ 8 rad/nt has been reported by [47], however this is likely a lowerfitnithe real values. The
possible values of thRMscan be also constrained by the observed polarization dedgéined as
M =TP/T . The mean polarization degr€kin the portion of the sky covered by the Leiden survey
at 1411 MHz can be estimated exploiting the total intensitthrern sky map at 1.4 GHz ([41, 38]):
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Figure 3: Maps of theQ Stokes parameter at 408 MHz before (left panel) and aftgh{panels) the trans-
formation for Faraday depolarization through R map (middle panel) used in the simulation. Similar
results are found for thd Stokes parameter. All maps have been smoothedfo Adapted from [27].

s~ 17,27,28,25,12% for the full coverage and for the patch 1, 2, 3, and 4, wsmdy. Given
the relation between the intrinsic and observed brightpetarized temperature in the slab model
approximation, we have1°°s=M"" . | sinAg/Ag| . The maximum possible value BI°°S (derived
assuming"" = 0.75) can be computed as function of tR& and compared with the mean
polarization degree actually observed in the considersdsaThe observed polarization degree
sets the upper limiRM < 50 rad/n?, consistent with the lowest of thHRM intervals previously
identified ([27]).

As already shown, the synchrotron emission APS steepeltsingteasing frequency. One
possible explanation of this behaviour again relies on Bejation arguments: electron density
and/or magnetic field fluctuations (in strength and/or dioed might redistribute the synchrotron
emission power from larger to smaller angular scales, ioig#dke structures, the effect being less
important at increasing frequency. Sticking to the ISMb model the Faraday depolarization
effects on the APS at 408 MHz and 1420 MHz can be simulatedliasvia The 1420 MHz polar-
ization map ([54]) is assumed to represent the intrinsi@&ad synchrotron emission and is scaled
down to 408 MHz with a spectral index ef2.75. The intrinsic polarization angle, as mapped by
the polarization angle map at 1420 MHz, should be the sanmeatvo frequencies. ARM map
constructed exploiting the catalog produced by T.A.T. $gice (private communication), consist-
ing of ~ 1000 RM data, has been adopted to transform the intrigegmdPI for Faraday rotation
and differential Faraday depolarizatiogsut put — @nput +A@ andPloytput— Plinput - |SINAP) /Ag|.

At 1420 MHz the input and output maps are very similar. At 40B2Mthe large scale structure
appears significantly depressed in the depolarized mapgeatdhe small scale features become
much more relevant. The results of this toy-simulation s in Fig. 3 for the Stokes parameter
Q. The comparison between the APSs of the input and output quagsgtifies this behaviour ([27]):
at 1420 MHz the APSs are almost identical while at 408 MHz tlygothrized map APSs signifi-
cantly flatten, in agreement with the derived APS flattenirit) wecreasing frequency reported in
Table 1.

3Note that the observed mean polarization degree might becdie combination of Faraday depolarization and
beam depolarization. In case we were able to correct for legpolarization effects this analysis will lead to smaller
values of RMs. Therefore the results of our analysis areeratbnservative and provide upper limits to the RMs
compatible with observations in the considered patches.
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Figure 4: Left small panels: gnomonic projection of the considerelll gatches in total intensity (top
panels) and polarization (bottom panels). Right panelsS#\Bf the selected cold regions (solid lines (red
lines) — CJ; dashes (blue lines)- C'; dots (green lines)- CF; three dot-dashes (black lines) CB).
Adapted from [28].

4. Analysis of the DRAO 1.4 GHz polarization survey

A new linear polarization survey of the northern celestiiisphere at 1.42 GHz with an an-
gular resolutionBpeyw ~ 36 has been recently completed using the DRAO 26 m telescog$.([5
The survey has a spacings, of 15 in right ascension and fromZ6° to 2.5° in declination, which
requires interpolation to construct equidistant cylindtiECP) maps withBpixel = 15 ([53]). The
final maps have an angular resolution of about &&d an rms-noise of about 12 mK, which is
unique so far in terms of sensitivity and coverage. Thesarjzaition data have been used by
[28] in combination with the Stockert total intensity maplad2 GHz ([41, 38]), having the same
angular resolution, similar sensitivity, ad= 15

4.1 Selected areas and results

Being interested in the diffuse Galactic synchrotron eioisg8] subtracted discrete sources
(DSs) from the total intensity map (only very few sources dsible in polarization out of the
plane) performing a 2-dimensional Gaussian fitting (NODfveare library, [19]). We are confi-
dent that atb| 2 45° DSs with peak flux densities exceedingl Jy have been removed that way
(see [8] for a map of the subtracted DSs).

We then derived the APSs in both temperature and polarizdtiothe whole DRAO survey
coverage and the three following sky areas (see Fig. 4) cteized by a relatively weak polarized
intensity: patch A - 180< | <276, b > 45°; patch B - 193 < | < 228, b < —45°; patch C -
65° < <180, b > 45°. In all patches the polarization APSs are rather simila8]j[2This fact
might indicate that depolarization due to differential&ay rotation should not be relevant in such
regions of the sky with respect to the investigated anguales ([27]). In fact, rotation measure
(RM) maps ([21, 13]) obtained interpolating RM data of egatactic sources show very low values
in correspondence of such areas. However, the degree ofzadian is on average a few percent,
well below the maximum theoretical value ©f75%. The reason for the low fractional polarization
is not clear. One possibility is that depolarization otlert differential is present (e.g. [45]).
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Coverage Best Fit parameters
log; ok (MK?) a ¢S (mK?)
C cgl 4.33@%2% —2.64j§;§§ 0.047;§;§§§
Cé-B 4.748;8:ggg —2.94f8:%8 O.OO4+8:88 s
C/” | 4954 0aas | —29470% | 0.005.560

Table 2: Least-square best fit parameters describing the totalsityeand polarization APSs for the patch
C in the range 3& ¢ < 300. The errors are given so that the upper (resp. lowergsatorrespond to the
best fit parameters set with the flattest (resp. steepep.shdapted from [28].

The APSs (namelg], CP' andCE®) can be modelled a6, = (CY""'+ ¢5'¢) - W, + cWN
([28]). The power law approximatio8¥"™"~ k - £ has been exploited. The contribution of
non-subtracted DSs has been modelled with a constant texondieg to the formalism of Poisson
fluctuations from extragalactic point sources ([49]). Frextragalactic source counts at 1.4 GHz
(see e.g. [37]) we estima™ ~ 0.09 mK? for the total intensity case. We assumed again a
symmetric Gaussian beam window function. A first guess edérof the noise term”N is pro-
vided by CVN ~ 471- gpix/Npix, WhereNpix is the number of pixels in thelEALPi x map and
Opix = Opix HEALPix ~ N-1/2. Opixece With N number of theECP pixels corresponding to each
HEALPI x pixel at a given latitude.

The resulting best fit parameters for one patch are listedlite2. The parameter range for the
Galactic synchrotron emission APSas~ [-2.71, —2.60] for the slope and logk ~ [4.067,4.339
(k in mK?) for the amplitude. The DS contribution is in the rangg ~ [0.0230.047 mK?,
which is consistent, within the errors, with the above sewr@unt estimaté. For polarization, the
derived slopes are generally steeper, varying in the iaterw [—3.02 —2.62] for C}"! anda ~
[—3.05,—2.55] for CE;B ([28]). The DS contribution is on average much lower tharemperature,
being clearly compatible with zerd The possibility to apply a source subtraction exploiting
dedicated point source templates ([31]) produced frontiegisatalogs is under investigation.

5. Local analysis of the all-sky surveys

In the recent years a complete coverage of the radio sky & W42z, both in total intensity
and in polarization intensity, has been achieved. It derivem the combination of the Stockert
total intensity survey ([41, 38]), of two DRAOQ polarizatisarvey previously discussed, and of the
Villa Elisa total intensity ([40]) and polarization ([48furvey which covers the southern celestial
hemisphere with the same resolution, similar sensitiatd with a uniform samplingé = 15).

4The bulk of discrepancy of a facter 2 between the value @f' recovered by our fit and that predicted from best
fit number counts can be in fact produced by the survey sky kagn{®s) of 15'.

5The best fit results may suggest a polarization degree (@staionsidering also the contribution of the subtracted
DSs,~ 0.05—0.2 mK?2, to the temperature APS) considerably higher tha?, the value found for NVSS extragalactic
(mainly steep spectrum) sources ([32, 50]). It may imply@spnce (or a combination) of spurious instrumental polar-
ization at very small scales, of a significant contributiooni highly polarized Galactic sources ([30]) non-subtdct
in the maps, or of a flattening of the diffuse synchrotron pnéal emission APS at 2 200— 250 with respect to the
behaviour a¥ < 200— 250, as that found in higher resolution analyses on smadtieaeas ([1, 10]).
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Figure 5: Results of the local APS analysis for the total and polaierantensity maps. The results for the
E andB modes are very similar to those found feir.

A first APS analysis of the preliminary version of these &lJ-surveys for representative Galactic
cuts has been presented in [8]. Great efforts have beentheckxicated to the intercalibration
of the various sky areas and further improvements are fors&€bae present analysis is based on
an updated version of the all-sky polarization survey. Adew, diffuse synchrotron correlation
properties depend on the considered sky areas. We presenptediminary results of the first
APS local analysis on the whole sky ([29, 26]), previouslyi@pated in [7]. By usingHEALPI x
tessellation, we divide the sky in patches of a size-df4.7° which allows to accurately compute
the APSE at/ 2 60 (while angular resolution limits the analysis/tg 300). We then fit the APSs
with the same parametrization of Sect. 4.1, by previoustyadng bright discrete sources in total
intensity as in Sect. 4.1. The result is shown in Fig. 5. Qyedoth the APS amplitude (reported
here at a reference multipofe= 100) and the spectral index exibit very different pattemgotal
intensity and polarization, much more related to the Galdatitude in the former case. In total
intensity we find a certain APS steepening for increasinggvamhile this kind of correlation does
not appear in polarization, or, in other words, the regiorektively higher power and flatter APS
in theCy—100-a plane is more populated in polarization than in total inityns

6. Comparison with CMB polarization anisotropy

The accurate measure of tAemode is of particular relevance for breaking the existingehe
eracy in cosmological parameter estimation when only teaipee anisotropy data are available
(e.g. [4, 14]). The detection of the primordiBImode is of fundamental importance for testing

6We derived theT and Pl APSs both passing through the computation of the angulaeledion function and
directly withanaf ast to check the reliability of the found results.
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Figure 6: Comparison between tieandB modes (right panel) and thieE mode (left panels) of the CMB
anisotropy at 70 GHz and of the Galactic polarized syncbroforeground. Dotted and solid lines: CMB
andB mode for two different tensor to scalar ratios (thin [iigS= 0.005, thick lineT /S= 0.5). Dashed
lines: uncertainty associated to the cosmic and samplirignee for a sky coverage ef 3% and a binning

of 10% in¢. Three dots-dashes: average of EhandB modes extrapolated from the whole DRAO survey
for the spectral indice§ = —2.8 and—3, respectively. Thanaf ast results have been divided by the
window function to correct for beam smoothing. Thick longled line: the same as above but with a mask
at |b| < 20 for 3 = —3. Dashed (dot-dashed) power law: best fit result correspgrtd Patch B (resp. C),
rescaled in frequency as above. The CMB mode (thick solid line) is follr /S= 0.005; the corresponding
cosmic variance (without binning if) identified by the thin solid lines assumes all-sky coveraets:
extrapolated DRAO E mode for a spectral inde® = —3. Dashes (dot-dashes): as above but masking the
region at/b| < 5° and adopting3 = —2.8 (8 = —3). Three dots-dashes: as above but excluding the region
at |b| <20 (B = —2.8). Top and bottom panels are identical but with a differdmice of the multipole
and power range, for a better view of the results. The reau#tén terms of thermodynamic temperature, as

usual in CMB studies. Adapted from [28].

the existence of a stochastic cosmological background aifitgtional waves (e.g. [23]). The
frequency range 60 80 GHz seems the less contaminated by Galactic synchrotrbdwast fore-
grounds in both temperature ([2]) and polarization ([33Jargular scalesz, 1°.

We have extrapolated the APS for tReand B modes derived from the DRAO survey anal-
ysis to 70 GHz and compared it with the APS of the CMB polariratnisotropy for &A\CDM
model including scalar and tensor perturbations compatilith the recent WMAP 3 years results
([46]). The results of this comparison ([28]) are displayedFig. 6 for two choices of the temper-
ature spectral index3(= —2.8,—3). The APS extrapolated from the entire DRAO survey is also
shown. It exceeds the CMB mode even at the peak &t- 100 for = —2.8. For3 = —3 the
two APSs are almost comparable. Fig. 6 shows also the AP§paaited from the DRAO survey
excluding the regionb| < 20° and adopting3 = —3. Such a sky mask reduces the Galactic APS

http://lambda.gsfc.nasa.gov/product/map/current/
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below the CMBE mode for/ z, 50. In this case the CMB mode peak af ~ 100 is comparable
to (or exceeds) the synchrotron signal for tensor to scaléwsT /S < 0.5. For the three patches
andT /S 0.5 the cosmologicaB mode peak at ~ 100 is comparable to (or exceeds) the Galac-
tic synchrotron signal extrapolated wifh~ —2.8, while it is larger by a factorz, 2 (in terms of
V/Cy) for B ~ —3. Furthermore, a separation of the Galactic synchrotrdarized signal from the
CMB signal with an accuracy of 5— 10% (in terms of,/C;) would allow to detect the CMB
mode peak at ~ 100 even forT /S~ 0.005 if B ~ —3. Similar results for the detection of the
B mode peak at ~ 100 have been obtained by [10] based on 1.4 GHz Effelsbemipation
observations of a small region with exceptionally low G#taforeground contamination, though
at/ ~ few x 100 the CMBB mode is expected to be dominated by Bxmode generated by lens-
ing ([57]). We note also that for a sky coverage comparabté #iose of the considered patches
(~ 3%) the cosmic and sampling variance does not significamtlit the accuracy of the CMB
mode recovery at 2 somex 10.

The CMBTE correlation sets constrains on the reionization histooynfthe power at low
multipoles and on the nature of primordial fluctuations frthra series of peaks and antipeaks. In
Fig. 6 we compare th& E mode APS of the Galactic emission extrapolated at 70 GHz thiith
CMB one. The APS of the whole DRAOQ survey indicates a significdalactic contamination at
¢ < few x 10 even for83 ~ —3. The use of a proper Galactic mask (e.g. excluding regidtis w
|b| <5°for B ~ —3 or|b| <20 for B ~ —2.8) largely reduces the Galactic foreground contami-
nation even at low multipoles. For the three cold patchesS@lacticT E mode is fully negligible
compared to the CMB one independently of the adogiedThe TE mode antipeak at ~ 150
turns out to be very weakly affected by Galactic synchrottontamination in all cases. These
considerations ([28]) further support the reliability b&fl E mode measure performed by WMAP
and of the derived conclusions on the epoch of reionizatimhad a dominance of adiabatic pertur-
bations and existence of superhorizon temperature fluohgat decoupling ([24, 33]) confirming
the inflationary paradigm ([35]).

The comparison of WMAP 3yr results on polarized foregrounih those derived from radio
surveys is of particular interest in the case of all-sky cage. For a better comparison, we applied
to the all-sky 1.4 GHz polarization map the same polaripatitask considered by the WMAP
team, which excludes 24% of sky (mainly the Galactic plane and the NPS). In this garson,
we exploit a first order correction for Faraday depolar@atby increasing the 1.4 GHz polarized
APS of a factor 10.85 corresponding to a typical value BM ~ 15 rad/nt, as inferred from
Sect. 3, before applying a simple power law frequency egtedipn with constanf3 to WMAP
and R.ANck 8 frequencies. The result is shown in Fig. 7. It can be easilgared with Fig. 17
of [33]. Clearly, radio data are more sensitive to synclomtemission. This opportunity reflects
into the more accurate and regular APS shape, particulady a0 where the intercalibration of
the various sky areas is less critical. Wk 40 GHz there is a good agreement between the average
APSs extrapolated from radio surveys and those derived WNhAP, which includes the overall
contribution of polarized foregrounds. In spite of the difity to fully understand the complexity
of ISM structure and depolarization effects because of dheaf various physical processes (tur-

8http://www.rssd.esa.int/planck
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Figure 7: Galactic synchrotron APSE£(mode, except for (green) short dashes that refé® tnode at
60.3 GHz, for comparison) of the Galactic synchrotron eiisextrapolated tv/ GHz = 22.8, 30.3, 36.9,
60.3, 70, 100 (from top to bottom) from the 1.4 GHz all-skyvayrapplying the WMAP polarization mask.
For a better comparison with Fig. 17 of [33], the APSs havenluidéded by the window function to account
for beam smoothing and partially correct the poweft at100— 200, but the power increasing@ag, 200 is
clearly non-physical (at 22.8 GHz the smoothed APS is alsaah

bulences in both the Galactic magnetic field and the ISM mlaaiensity depolarizing the diffuse
synchrotron emission (see [20]), foreground magnetceistiuctures (Faraday screens) modulat-
ing the background synchrotron diffuse emission (see [82B, probably more relevant at smaller
scales), this agreement supports the idea that the bulle afitrelation properties of the microwave
synchrotron polarized emission &t 300 can be mapped on the basis of radio data resorting to
relatively simple Faraday depolarization arguments aggifency rescaling. On the contrary, in the
V band the WMAP foreground APS is about a factor of two aboe éxtrapolated from radio sur-
veys. If not explained by an unlikely significant frequenattiéning of the synchrotron polarized
emission av 2 40 GHz with respect to the behaviounats 40 GHz, this discrepancy can be only
explained in terms of additional polarized contributionghie V band (with a global power similar
to that of the diffuse synchrotron emission), to be probasigribed to polarized dust emission.
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