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ABSTRACT

We perform an analysis of the dise low-frequency Galactic components in gwithern part of the Gould Belt system (130 | 230
andS50 b S 10). Strong ultra-violet ux coming from the Gould Belt super-association is responsible for brighsdiforegrounds that
we observe from our position inside the system and that can helpprevm our knowledge of the Galactic emission. Free-free emission and
anomalous microwave emission (AME) are the dominant components at low frequeneied@ GHz), while synchrotron emission is very
smooth and faint. We separated dse free-free emission and AME from synchrotron emission and thermal dust emission bilasicigdata,
complemented by ancillary data, using theretated component analysis (CCA) componentasation method and we compared our results with
the results of cross-correlation of foreground templates with the frequency maps. We estimated the electron tefpkoature and free-free
emission using two methods (temperature-temperature plot and cross-correlation) and dteamgihg from 3100 to 5200 K for an ective
fraction of absorbing dust along the line of sight of 30% £ 0.3). We estimated the frequency spectrum of theude AME and recovered a
peak frequency (in ux density units) of 25+ 1.5 GHz. We veri ed the reliability of this result with realistic simulations that include biases in the
spectral model for the AME and in the free-free f@ate. By combining physical adels for vibrational and rotmnal dust enmgsion and adding

the constraints from the thermal dust spectrum fRlanckand IRAS, we are able to present a good description of the AME frequency spectrum
for plausible values of the local density and radiation eld.

Key words. Galaxy: general — radio continuum: ISM — radiation mechanisms: general
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1. Introduction

The wide frequency coverage of thielanck data provides
a unigue opportunity of studying the main four Galactic
foregrounds, namely free-free emission, synchrotron emissiog:
anomalous microwave emission (AME), and thermal (vibray i3
tional) dust emission. The derent frequency spectra of the 3
components and their derent spatial morphologies provide a
means for separating the emission components. In this paper w
apply the correlated component analysis method (CBaldi
et al. 2006 Ricciardi et al. 201)) which uses the spatial mor-
phology of the components to perform the separation. The local
Gould Belt system of current star formation is chosen as a partic-
ularly interesting area in which to make an accurate separatiog. 1. Orthographic projection (looking towards the Galactic centre in
of the four foregrounds because of the elient morphologies of the left paneland the Galactic anti-centre in thght pane) of the
the componentsGould (1879 rst noted this concentration of Planck CMB-subtracted 30 GHz channel showing the Gould Belt and
prominent OB associations inclined at 26 the Galactic plane. g‘soreg'gngl'gter%t for this paper (de ned by 130 | 230 and
It was next identi ed as an Hfeature Davies 1960QLindblad ):
1967). Along with velocity data from Hand CO combined with
stellar distances from H , the total system appearsto be The AME componentis highly correlated with the far infra-
a slowly expanding and rotating ring of gas and dust surroundired dust emissioriogut 1996 Leitch et al. 1997Banday et al.
a system of OB stars within 500 pc of the Surindblad et al. 2003 Lagache 2003de Oliveira-Costa et al. 200&inkbeiner
1997. A recent modelling of the Gould Belt system Berrot & et al. 2004aDavies et al. 2006Dobler & Finkbeiner 2008a
Grenier(2003 gives semi-axes of 378 233 pc inclined at 17 Miville-Deschénes et al. 2008/sard et al. 2010Gold et al.
with an ascending node ht= 296 and a centre 104 pc distant2011 Planck Collaboration 201} énd is believed to be the re-
fromus lying at = 180 . The Gould Belt thickness is 60 pc. Thesult of electric dipole radiation from small spinning dust grains
stars de ning the system have ages younger thar 30° yr. (Erickson 1957 Draine & Lazarian 1998in a range of envi-
The free-free emission from ionized hydrogen is wellconments Ali-Haimoud et al. 2009Ysard & Verstraete 2090
understoodDickinson et al. 2008 H is a good indicator of the AME is seen in individual dust clouds associated with molec-
emission measure in regions of low dust absorption. Elsewhetar clouds, photo-dissociation regions, re ection nebulae and
a correction has to be applied, which depends on where the bb- regions (e.g.Finkbeiner et al. 2002004h Watson et al.
sorbing dust lies relative to the Hemission. The conversion2005 Casassus et al. 2008008 Dickinson et al. 20062007,
of an emission measure value to a radio brightness tempe2809 Scaife et al. 20072010 AMI Consortium et al. 2009
ture at a given frequency requires a knowledge of the electrd@dorovi et al. 2010Murphy et al. 2010Planck Collaboration
temperature. Alternatively, aglectron temperature can be de2011d Dickinson 2013. In the present study we examine the
rived by assuming a value for the dust absorption. Values f8BME spectrum in more extended regions.
the electron temperature of 4000-8000K are found in similar
studies Banday et al. 2003Davies et al. 2006Ghosh et al. o . . .
2012. Radio recombination-line observations on the Galact?c‘ Depnition of the region of interest and aim
plane @lves et al. 2012 give values that agree with those of ©Of the work

individual H  regions, having temperatures that rise with inthe projection of the Gould Belt disc on the sky is a strip that is
creasing distance from the Gatiaccentre; the value at the solargyperimposed on the Galactic plane, except towards the Galactic
distance where the current study applies is 7000-8000K.  -entre (northern Gould Belt) and arouhd= 180 (southern
The spectrum of synchrotron emission re ects the spectrugould Belt). In this work we consider the southern Gould Belt,
of the cosmic-ray electrons trapped in the Galactic magnetihich can be approximately de ned by Galactic coordinates
eld. At frequencies below a few GHz the brightness tempet30 | 230 and S50 b S 10 (see Fig.1). This
ature spectral indexs, is ranging front52.5 t0 S2.7 (Broadbent choice gives us a cleaner view of the Gould Belt, because the
et al. 1989. Between 1.0 GHz and WMAP arRlanckfrequen- background emission from the Galactic plane is weaker here
cies, the spectral index steepens to values f&fh® to S3.1 than towards the Galactic centre. Notable structures within the
(Banday et al. 200Davies et al. 2006Kogut et al. 2011 region are the Orion complex, Barnard’s arc and the Taurus,
Thermal dust dominates the Galactic emissioRlahckfre- Eridanus, and Perseus star-forming complexes. All these emit-
quencies above 100 GHz. The spectrum is well-de ned hetiag regions, including the duse emission from the Eridanus
with temperaturdy 18K and spectral indexy ranging from shell atS50 < b < S30, are at a distance within 500 pc from
1.5 to 1.8 Planck Collaboration 201}cln the frequency range us and thus they belong to the local inter-stellar medium (ISM)
60-143 GHz the dust emission overlaps that of the free-fragsociated with the Gould Belt (e Beynolds & Ogden 1979
emission and AME, making it a critical range for componeroumis et al. 200)L
separation. In Fig. 2we show the CMB-subtracté®lanckdata at 1 res-
olution, compared with thelaslam et al(1982 408 MHz map,
L Planck (http:/mww.esa.intPlanck ) is a project of the Euro- which mostly traces the synchrotron component,Diekinson

pean Space Agency (ESA) with instruments provided by two scienti %t al.(2003 H map, tracing free-free emission, and thg 1“‘?0
consortia funded by ESA member states (in particular the lead countfB&P from Schlegel et al.(1998, tracing the dust emission.
France and Italy), with contributions from NASA (USA) and telescophe visual inspection reveals dust-correlated features at low fre-
re ectors provided by a collaboration between ESA and a scienti ¢ cofjuency, which could be attributed to AME. There is also promi-
sortium led and funded by Denmark. nent free-free emission, especially strong in the Barnard’s arc
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Fig. 2. Ghomonic projections of the region of intereBbp panelsHaslam et al(1982 408 MHz map left); H map fromDickinson et al(2003
(middlg; and 10Qum map fromSchlegel et al(1998 (right) at native resolutionMiddle panelg(left to right): Planck CMB-subtracted 30, 44,
and 70 GHz maps at Xesolution Bottom panelgleft to right): Planck CMB-subtracted 143, 353, and 857 GHz atésolution.

region (towardd = 207 ,b = S18). The synchrotron compo- 3. Description of the analysis
nent appears to be sub-dominant with respect to the free-frgeﬁ d
emission and the AME. -L. Input data

This work aims at separating and studying theudie low- Planck(Tauber et al. 201;,0Planck Collaboration 201} as the
frequency foregrounds, in particular AME and free-free emishird-generation space mission that measures the anisotropy of
sion, in the region of interest. This requires estimating the sp&bhe cosmic microwave background (CMB). It observes the sky
tral behaviour of the AME (carried out in Sed). We compare in nine frequency bands covering 30-857 GHz with high sensi-
this spectrum with predictions for spinning dust emission, oriity and angular resolution from 310 5. The Low Frequency
of the mechanisms that is most often invoked to explain AMBstrument (LFI;Mandolesi et al. 201,0Bersanelli et al. 201,0
(Sect.7). After reconstructing the free-free emission, we estMennella et al. 2011 covers the 30, 44, and 70 GHz bands
mate the free-free electron temperature (S@ctwhich relates with ampli ers cooled to 20 K. The High Frequency Instrument
free-free brightness to emission measure, and investigate the(tt=I; Lamarre et al. 201;,CPlanck HFI Core Team 201}1aov-
pendence of this result on the dust absorption fraction. ers the 100, 143, 217, 353, 545, and 857 GHz bands with
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Table 1. Summary ofPlanck data. sky we haveTqyst 18K and 4 of 1.5-1.8 Finkbeiner et al.
1999 Planck Collaboration 2011f.
Central frequency  Instrument  Resolution The frequency spectrum of the free-free component is often
[GHz] [arcmin] described by a power-law with spectral inds® 14 in RJ units.
285 PlanckLE] 32,65 A more accurate description (see, eRJanck Collaboration

44.1 PlanckLFI  27.92 20119 s given by

B mmA EX 0 cosqwoR o
143 PlanckHFI 7.18 whereG = 3.96(T4)%2(/ 40)°°14is the Gaunt factor, which is
217 PlanckHFI 4.87 responsible for the departure from a pure power-law behaviour.
353 PlanckHFI 4.65 T, is the electron temperatuf®, in units of 1#K (Te can

545 PlanckHFI  4.72 range over 2000-20 000K, but for most of the ISM it is 4000—
857 PlanckHFI 4.39 15000K).

The spectral behaviour of synchrotron radiation can be de-
bolometers cooled to 0.1 K. Polzation is measured in all but SCriPed to rst order by a power-law model with spectral index

the highest two bandd €ahy et al. 2010Rosset et al. 2030 s that typically assumes values frofi2.5 to S3.2, depending

A combination of radiative cooling and three mechanical cod?" the position in the sky. Steepening of the synchrotron spec-
ers produces the temperatures needed for the detectors and'gplndex with frequency is expected due to energy losses of the
tics (Planck Collaboration 2013bTwo data-processing centre<S €Ctrons. . .

(DPCs) check and calibrate the data and make maps of the sI(<)yThe frequency scaling of the AME component is the most
(Planck HFI Core Team 2011Bacchei et al. 2011 Plancks P orly constyalned. The_dlstlnctlve feature is a pgak around 20—
sensitivity, angular resolution, and frequency coverage make ff4 ©Hz Oraine & Lazarian 1998Dobler & Finkbeiner 2008p
powerful instrument for galactic and extragalactic astrophysiPbler et al. 2009Hoang et al. 20111 However, a power-law

as well as cosmology. Early astrophysics results are givenqghaviour is compatible with most detections above 23 GHz
Planck Collaboration 2011¢,d,e,f, 2013b, based on data tak&3nday etal. 200Davies et al. 20085hosh et al. 2012 This

between 13 August 2009 and 7 June 2010. Intermediate asff@!!d b€ the result of a superposition of several peaked compo-
physics results are now being presented in a series of parﬂéggts along the line of sight or could indicate a peak frequency
BY

based on data taken between 13 August 2009 and 27 Noven]Ber than 23 GHz. The most recent WMAP 9-yr results quote
2010. a peak frequency at low latitudes ranging from 10 to 20 GHz

The Planckdata used throughout this paper are an interniQ)’ thé spectrum in ks, units, which means 20-30 GHz when
Bn&derlng ux density units.

data set known as DX7, whose properties are described in 5

pendices to the LFI and HFI data processing papBtanck

Collaboration 2013,3) HOW@V_er, we have teSted the analysig_g_ Component separation pipe[ine

to the extent that the results will not change if carried out on the ) ] ]

maps that have been released to the public in March 2013. Several component-separation methods adopt the linear-mixture
The Speci cations of thePlanck maps are reported in data model (S_ee Appendk(for a full derlvatlon). For each line

Table 1. The dataset used for the analysis consists of fufff sight we write

resolution frequency maps and the corresponding noise infor= <4 3)
mation. We indicate whenever the CMB-removed version of this '
dataset was used for display purposes. where x and n contain the data and the noise signals. They

When analysing the results, we applied a point sourége vectors of dimensioNy, which is the number of frequency
mask based on blind detection of sources aboveirb each channels considered. The vecgmith the dimensiorN;, con-
Planck map, as described idacchei et al(2011) andPlanck tains theN; unknown astrophysical components (e.g. CMB, dust
HFI Core Team(2011h. Ancillary data were used throughoutemission, synchrotron emission, free-free emission, AME) and
the paper for component-separation purposes, to simulate tieNg X Nc matrix H, called the mixing matrix, contains the
sky and data, or to analyse our results. The full list of ancillafyequency scaling of the components for all frequencies. The el-
data is reported in Tab2with the main speci cations. ements of the mixing matrix are computed by integrating the

source emission spectra within the instrumental bandpass. When
working in the pixel domain, Eq3] holds under the assumption
3.2. Components that the instrumental beam is the same for all frequency chan-

The main di use components present in the data are CMB afgls. In the general case, this is achieved by equalizing the reso-
Galactic synchrotron emission, free-free emission, thermal diigion of the data maps to the lowest one. When working in the
emission, and AME. The frequency spectrum of the CMB Conharmonlc_or Fourl_er_dor_nam, th_e c_onvol_utlon f_or the instrumen-
ponent is well-known: it is accurately described by a black—bod@' beamis a mu_ltlpl|cat|on and is linearized without assuming a
with a temperatur@cyg = 2.7255K (Fixsen 2009. common resolution. . o

Thermal dust emission dominates at high frequencies. Its Within the linear model, we can obtain an estimaf the
spectral behaviour is a supesition of modi ed black-body componentsthrough a linear mixture of the data:

components identi ed by temperatufigys; and emissivity in- 3= Wx (4)
dex gq: '
“ . whereW is called the reconstruction matrix. Suitable recon-
Trydus( ) “/[exph/ KTqus) S 1], (1) struction matrices can be obtained from the mixing matttix
For example,

wherek is the Boltzmann constant afds the Planck constant. o 3
In the approximation of a single component, over most of th& = [HTCtH]S*HTC>? (5)
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Table 2. Summary of ancillary data.

Central frequency Label Resolution Reference
[GHZ] [arcmin]
0.408 Haslam 60 Haslam et al(1982
H 60 Dickinson et al(2003
H 6-60 Finkbeiner(2003
22.8-94 WMAP 7-yr 56.8-13.8 Jarosik et al(2017)
94 60 Finkbeiner et al(1999
2997 10Qum 5 Schlegel et al(1998
24983, 2997 IRISBand 1, 4 4 Miville-Deschénes & Lagach@006
E(BSV) 5 Schlegel et al(1999

is called the generalized least-squares (GLS) solution and ottt corresponding channel (assumed to be Gaussian with a full
depends on the mixing matrix and on the noise covarigce width half maximum (FWHM) as sgri ed in Table 1). This cor-

The mixing matrix is the key ingredient of component sepeesponds, in real space, to a convolution with a bé&nTo
aration. However, as discussed in S&2, the frequency spec- obtain an estimate of the corresponding noise after smoothing,
tra of the components are not known with stient precision to the noise variance maps should be convolved Bith= (Bs)?.
perform an accurate separation. To overcome this problem, d\e did this again in harmonic-ape, after obtaining the window
component-separation pipeline implements a rst step in whiglnction W, corresponding t®y, by Legendre-transforming
the mixing matrix is estimated from the data and a second o3¢) qaring the result, and Legendre-transforming back.
in which this result is exploited to reconstruct the amplitudes o The smoothing process also correlates noise betweean-di

the components. ent pixels, which means that the rms per pixel obtained as de-
tailed above is not a complete description of the noise properties.
3.3.1. Estimating the mixing matrix However, estimating of the full covariance of noise (and its prop-
. . _ ) . agation through the separation in Eg4). énd 6)) is very com-
To estimate the mixing matrix we relied on the CCBobaldi ptationally demanding. In this work we took into account only
et al. 2006 Ricciardi et al. 201§} which exploits second-orderthe diagonal noise covariance and neglected any correlation be-
statistics of the data to estimate the frequency scaling of the coffjeen noise in dierent pixels. In a signal-dominated case, such

ponents on de ned regions of the sky (sky patches). We used {¢¢the one considered here, the errors on the noise model have
harmonic-domain version of the CCA, whose basic principlesy a weak impact on the results.

of operation are reported in Appendix This code works on

square sky patches using Fourier transforms. It exploits the data

auto- and cross-spectrato estimatset of parameters describingt. AME frequency spectrum

the frequency scaling of the components. The patch-by-patch es- . .

timation prevents the detection of small-scale spatial variatioh4 modelled the mixing matrix to account for ve components:

of the spectral properties. On the other hand, by using a la CMB, the sync_hrotron emission, the thermal dust emission,

number of samples we retain more information, which providdae free-free emission, and the AME. We neglected the CO com-

good constraints, even when the components have similar spgeoent by excluding the 100 and 217 GPianckchannels from

tral behaviour. The CCA has been successfully used to sepatffe @nalysis, which are signi cantly contaminated by the CO

the synchrotron, free-free and AME components from WMApnesJ =1 ~0andJ=2 1, respectivelyRlanck HFI Core

data inBonaldi et al(2007). Team 2011h CO'is allso_present at 353 GHz, whe.re it can con-
We used a patch size of 28 20 , obtained as a trade-0 taminate the dust emission by up to 3% in th_e region of interest,

between having enough statistics for a robust computation @td at 545 and 857 GHz, where the contamination is negligible.

the data cross-spectra and limited spatial variability of the for&0 estimate the mixing matrix we used the following datasets

ground properties. Given the dimension of the region of inter-

est, we have ten independent sky patches. However, exploitirigmgz\ll?\;l"g;sgi 4r4K ng’n%jdr(szgrgngS)S GHz channels,

a redundant number of patchesdely overlapping each other, y '

: . — the Haslam et al. 408 MHz map

enables us to eradicate the gdqggween them and obtain a re- ; o
o : : — the predicted free-free emission at 23 GHz based on the H
sult that is independent of any speci ¢ selection of patches. We Dickinson et al.(2003 template corrected for dust absorp-

covered the region of interest with patches spaced by Both : ; =
latitude and longitude. By re-projecting the results of the CCA tion with theSchlegel et al(1998 E(B S V) map by assum-
ing a dust absorption fraction of 0.33.

on a sphere and averaging thetputs for each line of sight, we

can synthesize smooth, spatially varying maps of the specifi verj ed that including the WMAP Ka-W bands in this anal-

parameters (seRicciardi et al. 2010or more details). ysis did not produce appreciable changes in the results. The
explored frequency range is now covered®anck data with

3.3.2. Reconstruction of the component amplitudes higher angular resolution and sensitivity. Caution is needed
when using H as a free-free tracer: dust absorpti@ickinson

The amplitudes were reconstructed in pixel space aegolu- etal. 2003and scattering of H photons from dust grain¥\(cod

tion using Egs.4) and ), exploiting the output of the previ- & Reynolds 1999Dong & Draine 201} cause dust-correlated

ous step. To equalize the resolution of the data mapsa thef  errors in the free-free template, which could bias the AME spec-

each map were multiplied by a window functidNé), given trum. The impact of such biases was assessed through simula-

by a 1 Gaussian beam divided by the instrumental beam tibns as described in Sedt.1
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For dust emission we used the model of ED. With T4 = peak frequencies (see also TaBd). Indeed, the AME spec-
18K and estimated the dust spectral indgxThe reason why trum is modelled with densities of 0.2—0.4¢#rin Bonaldi &
we xed the dust temperature is that this parameter is mostRicciardi(2012), while it requires higher densities in the Gould
constrained by high-frequency data, which we do not include Belt region, as discussed in Se¢t.The second possibility is a
this analysis. In fact, a single modi ed black-body model witlthange in the size distribution of the dust grains, smaller sizes
constant 4 only poorly describes the dust spectrum across tlyeelding higher peak frequencies. We return to these aspects in
frequency range covered Byanck In particular, 4is derivedto Sect.7.
be atter in the microwave (353 GHz) than in the millimetre
range (> 353 GHz). ) )

The temperaturdy = 18K we adopted is consistent with4-1- Assessment through simulations
the one-component dust model Binkbeiner et al(1999 and
agrees well with the median tgrarature of 17.7 K estimated at
[b] > 10 by Planck Collaboratior§20119. For the dust spec-
tral index we obtainedy = 1.73+ 0.09. For synchrotron radi-
ation we adopted a power-law model with a xed spectral in-
dex s= S2.9 (e.g.Miville-Deschénes et al. 20Q08because the
weakness of the signal prevented a good estimation of this pa-
rameter. We veri ed that dierent choices fors (up to a 10%
variation, s from —2.6 to —3.2) changed the results for the other ) ) ) )
parameters only by about 1%, due to the weakness of the Szgg assesst_ad this by applying the proqedure described indect.
chrotron component with respect to the AME and thermal dud®. Sets of simulated data, whose true inputs are known. For the
As a spectral model for the AME we adopted the best- t modélst target, we performed threeeparate simulations including
of Bonaldi et al(2007), which is a parabola in the lo§f-log( ) @ di erent AME model: two spinning-dust models, peaking at

plane parametrized in terms of peak frequengyand slope at 19 GHz and 26 GH.Z, and a spatially varying poyver-la\(v. For the
60 GHzmep: second target, we introduced dust-correlated biases in the free-

free template and quanti ed theimpact on the estimated pa-
. meo(log )? . rameters. The full description of the simulations and of the tests
2log( o/ 60) 6) performed is given in Appendig.

) L . . ) The results are displayed in the right panels of Bign the
Details of the model and justi cation of this choice are 9iVeihp panel we show the true sgtrum (solid line) and the esti-
in Appendix B. We also tested a pure power-law modehated spectrum with errors (shaded area) for each of the three
(Traame(1) ) for AME, tting for the spectral index , but tested input models. The red and blue areas distinguish between
we were unable to obtain valid estimates in this case. Thisy§y free-free templates (referred to as,Ffd FF), which are
what we expectwhen the true speeh presents some curvaturepiased in a dierent way with respect to the simulated free-free
as veri ed through simulations (see Se¢tland AppendixXC).  component. In the middle and bottom panels we show the his-

Our results for the AME spectrum are shown in the left pafggrams of the recovered spectral parameters compared with the

els of Fig.3. On average, the AME peaks at 25.5 GHz, with e inputs (vertical lines); the red and blue colours are as before.
standard deviation of 0.6 GHz, which is within estimation errokge conclude the following:

(1.5 GHz). This means we nd no signi cant spatial variations
of the spectrum of the AME in the region of the sky considered
here. However, we recall that this only applies touie AME,
because our pipeline cannot detectdirscale spatial variations,
and we are restricted to a limited area of the sky.

Our results on the peak frequency of the AME are simi-
lar to those ofPlanck Collaboratiorf2011d for Perseus and
Ophiuchi. The WMAP 9-yr MEM analysiBennett et al. 2012

measures the position of the peak for the spectrumgigy Kinits the spectral model we used (see Apper@jxand errors in

and nds a typical value of 14.4 GHz for duse AME at low . - : )
latitudes, which roughly corresponds to 27 GHz when the spec- :rsdfraesofrgfot%mplate. The systematic erromeg is quan

trum is in ux density units. According to previous work, at _
higher latitudes the peak frequency is probably lower (see e.g.
Banday et al. 2003Davies et al. 2006Ghosh et al. 2012

Interestingly, the same CCA method used in this paper yiglds

around 22 GHz when applied to the North Celestial Pole regid§€" the AME is a power-law, the parabolic model is clearly
(towardsl = 125, b = 25 , Bonaldi & Ricciardi 2012 Spatial wrong, because the parameter describing the position of the peak

variations of the physical properties of the medium could explaif COMPletely unconstrained and the model steepens consider-

these di erences. ably with frequency. Similarly, when the AME is a curved spec-

In the hypothesis of spinning dust emission, there are maltym, the power-law model is too inaccurate to describe it. As

ways to achieve a shift in the peak frequency. Because the av pected, both these estimates fail to converge. We note that

able data do not allow us to distinguish between them, we jJB¢ distribution ofms recovered on real data is quite erent
rom that obtained from the simulation. This could indicate spa-

mention two main possibilities. The rstis a change in the den: T S . .

sity of the medium, lower densities being associated with lowkf! variability of the true spectrum, which is notincluded in the
simulation. It could also indicate that the systematic errors on

2 The peak frequency, is de ned for the specrum in ux density Meo predicted by simulations, as we just described, arewtint

units. indi erentregions of the sky, thus creating a non-uniformect.

The reliability of our results has been tested with simulations.
The main purposes of this assessment are

— to verify the ability of our procedure to accurately recover
the AME spectrum for dierent input models and

to investigate how the use of foreground templates — free-free
in particular — can bias the results.

meolog

log( ,/60) 2 1°9

log Tryame( )

If the input AME is a convex spectrum, we are able to ac-
curately recover the peak frequency, for both the 19 and

26 GHz input values. Our pipeline is able to distinguish very
clearly between the two input models; biases in the free-free
template do not aect the recovery of the peak frequency.

— The estimated spectrum can be slightly biased above 40—
50 GHz, where the AME is faint, as a result of limitations of

If the input AME spectrum is a power-law, we obtain a good
recovery when tting for a spectral index.
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Fig. 3. CCA estimates of the AME frequency spectrum in the region of interest for real ldéitagnels)and simulated dataight paneld. Top
estimated spectra including Jerrors.Middle and bottomhistograms of the spectral parametegs and , on Nsjge = 16 estimated spectral index
maps. For the simulated caseght paneld we considered two convex spectra peaking at 19 GHz and 26 GHz and a power-law Topdé&ht

the true inputs are shown as solid black lines (power-law) with triangles (19 GHz peak) and squares (26 GHz peak) and the estimates as she
areas. The blue and red colours show estimates derived by exploiting the free-free templated FF; described in Appendix. Middle and
bottom-right panelsthe true inputs are shown as solid and dotted vertical lines for the simulations peaking at 26 GHz and 19 GHz respectively
the blue dot-dashed and red solid histograms show the estimates obtained usingdhd FF, templates, and the black dashed lines show the
estimates for the 19 GHz input spectrum.

5. Reconstruction of the amplitudes Thanks to the linearity of the problem, the noise variance maps
can be obtained by combining the noise variance maps of the
We reconstructed the amplitude of the components on thest - channels at 1degree resolution with the squared reconstruction

olution version of the dataset. We used the same frequencieg@xW. The noise on the synchrotron and thermal dust maps is
for estimating the mixing matrix, except for the free-free ten]OW compared with that for #e-free and AME. This is because

plate, which was excluded to avoid possible biases in the recéi€ 408 MHz map and thBlanck 353 GHz channel constrain
struction. The results are shown in Fifg.The rst and second well the amplitudes of synchrotron and thermal dust emission.
rows show the components reconstructed at 30 GHz (from left The AME component is correlated at about 60% and
to right: synchrotron emission, free-free emission, AME, anf0% with the 10@um and theE(B S V) dust templates by
thermal dust emission) and the corresponding noise rms mapshlegel et al(1998, at about 40% witiHaslam et al(1982
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