arxiv:1211.5843v1 [astro-ph.CO] 26 Nov 2012

Astronomy & Astrophysicsnanuscript no. szhunter © ESO 2017
November 27, 2012

|dentification of galaxy clusters in cosmic microwave backg round
maps using the Sunyaev-Zel'dovich effect
C. P. Novaes and C. A. Wuensche

Divisao de Astrofisica, Instituto Nacional de Pesquisapaciais - INPE, Sao José dos Campos, SP, Brazil
Recieved 18 November 20YAccepted 25 July 2012
ABSTRACT

Context. The Plancksatellite was launched in 2009 by the European Space Agerstudy the properties of the cosmic microwave
background (CMB). An expected result of tRanckdata analysis is the distinction of the various contamimafithe CMB signal.
Among these contaminants is the Sunyaev-Zel'dovich (82r& which is caused by the inverse Compton scattering of @ktons
by high energy electrons in the intracluster medium of galdusters.

Aims. We modify a public version of the JADE (Joint Approximate Gamalization of Eigenmatrices) algorithm, to deal withgyoi
data, and then use this algorithm as a tool to search for Sfechiin two simulated datasets.

Methods. The first dataset is composed of simple “homemade” simuiatand the second of full sky simulations of high angular
resolution, available at the LAMBDA (Legacy Archive for M@avave Background Data Analysis) website. The processropoment
separation can be summarized in four main steps: (1) preepsing based on wavelet analysis, which performs anlinlganing
(denoising) of data to minimize the noise level; (2) the safpan of the components (emissions) by JADE; (3) the catibn of the
recovered SZ map; and (4) the identification of the positams intensities of the clusters using the SExtractor soéiwa

Results. The results show that our JADE-based algorithmflisaive in identifying the position and intensity of the Sxsters, with
the purities being higher then 90% for the extracted “cafaés”. This value changes slightly according to the charastics of noise
and the number of components included in the input maps.

Conclusions. The main highlight of our developed work is th@eztive recovery rate of SZ sources from noisy data, wita poiori
assumptions. This powerful algorithm can be easily impleted and become an interesting complementary option tonttaeched
filter” algorithm (hereafter MF) widely used in SZ data arsidy
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1. Introduction a unique and powerful tool to test cosmological models and

During the passage of the cosmic microwave background (CM t stm?ron constraints on the parameters d(_ascribing therse
radiation through clusters of galaxies, about 1% of the ph%"g" 20051 Alien et.8l. 2011). In addition to the SZ ef-

X . ect, the hot intracluster gas is also characterized bytiting
tons are Compton scattered by energetic electrons in the jjz sqiraniung emission in the X-ray band. Put togetheh bo
tra;:luste_r Tﬁd'%n&gh's prtocesst%althes a ;_/erty g'St'n%gfg Seffects can be used to estimate the distance of clusters and the
naturé _in Zel : slpecgrum, at was first describe l:pfubble constant. In addition, the S&ect can also be used to es-
w—e—d-o—dr]rh VS VIZ Ilu_%’d X g SPVfEect | d CMB timate theQg/Qy ratio and the peculiar velocity of clusters. One
anisotreop;nrilwiz\ains th(;\':“i:t vv(as z)l‘OSU(I:Se ; ;f?:??healgjyemgplican also use large SZ surveys to constrain the dark energy equ

' LY 3 tion of state (see, e.d., Birkinshiaw 199_9_;_C_aﬂsjr_om1§ﬁ
era. Its angular size is of the order of arc minutes and an a ) (
age intensity of a few hundreeK, which is dificult to sepa- : . . .

; ; . ) A full sky survey is being conducted by tdancksatellite,

rate from the primary CMB signal and thereforéidult to de éaunched in 2009 and the first mission of the European Space

tect. However, some currently operating ground-basedrexp ; .
ncy (ESA) dedicated to CMB studies. In January 2011, the
ments, such as the South Pole Telescope (SPT) and the Atac@%?ri]ckteam released the first version of its full-sky SZ cluster

Cosmology Telescope (ACT), havefBaiently high sensitivities
to measure the SZtect with high signal-to-noise ratio data an a;aloguel_(ELa.ngk_C_o_lla.b_o_Laﬂb_n_Zﬂ)ll)_. Th_ese resultsiezady
enough angular resolution to obtain a very accurate SZ pro eing used to study the_CMB contamination on angular scales
from the observed clustefls (Sehgal ét al. 2011) smaller than a few arcminuteé £ 1000), where the SZfkect,

| ) ﬁether with radio and sub-mm point sources, dominate over

Together with current optical and X-ray surveys, S ; o
measurements are expected to produce cluster images Wi primary CMB contribution (e.c.. Taburet etlal. 2010).

the highest possible sensitivities across significant -frac A number of algorithms have been used to extract SZ

tions of the sky [(Carlstrom etdl. 2010; Marriage etial. 2018ignal from CMB maps, but most use priori assumptions
[Planck Collaboratioh 201.1). The multiwavelength data wél 2@Pout the SZ signal contained in the input maps and iden-

used to shed light on the cluster physics, to improve our knowify the “unknown” clusters based upon spectral identifica-

edge of scaling relations, and to produce catalogues to dx y80n_and information about shape, intensity, etc (see,, e.g.
g J P J IMauskopf et all 2003; Pierpaoli & Anthoine 2005; Bobin dt al.

in cosmological studies. Measurements of the §2a dfers ¢
12008] Leach et al. 2008; Vanderlinde!al. 2010; Remazeitie$ e

Send gfprint requests toC. P. Novaes e-maitamila@das.inpe.br [2011).
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The main purpose of this work is to present a method to idesure profilePg(r), the SZ temperature variatiokTsz can be
tify SZ clusters in CMB maps, using a minimal setapriori  written as
conditions. To do this, we developed hlihd search” method, o
based only on the spectral contributions of input signhis, ftas ATs(6) = f(x)TCMB—T2 P24(6), 4)
performed very well in simulated sky maps with include many MeC

of the publicPlancksatellite characteristics, such as the asym- odren , : :
metric sky coverage, detector noise level, frequency amer wherePg%(6) is the electron pressure profile projected in the sky

etc. given by

The outline of this paper is as follows: in Sectioh 2, we —
briefly describe the SZffect theory and the pressure profile de[:>2d 0) Viou=6*Dy P \/m dl 5
scribed by M. Arnaud and collaborators. Secfidbn 3 contdies t" e ©) = D e + A ®)

details of the two datasets used in this work, one comEosed of

“homemade” simulations and another produce eidbre, the pressure profile is truncated rigy. [Arnaud et al.
(2010). The m_ethodology. used to iden'gify SZ clusters is dim) define an electron pressure proiﬁ?é based on the
cussed in Sectio 3. Sectibh 5 summarizes our results and Qferalized Navarro-Frenk-White (NFW, Navarro et/al. @99
concluding remarks are presented in Sedfion 6. model described by Nagai et&l. (2007). This profile closely d
scribes the electron pressure profile obtained from X-rdag,da
and is given by

2. The Sunyaev Zel'dovich effect

The SZ dfect produces a small distortion in the CMB spectrum,

. e - 2/3+ap
with a temperature variatiohTsz given by P(r) = 1.65x 1(T‘°‘h(z)8/3[ Msoo }
¢ ' 3x 1040 1M,
AT \Y
= SZ = f(X)y - TQ(L‘”). (1) x p(x)h2, keVem?, (6)
CMB c

hereh(2) is given byh(z) = [Qm(1 + 2)° + Q]2 and is the
ratio of the Hubble constant at redshift z to its presentealu

. Moreover,a, = 0.12 andx = r/Rspo, Where Rso is

e radius within which the mean overdensity is 500 times the
parametely is given byy = keTe ) nedl, whereor is the critical density of the universe at redshift(o.(z) = 2.775 x

mec? . Y .
. . . 10ME2(2h2MsMpc), Msg is the mass within the radi '
Thomson cross-sectiong the electron densityl the line ele- given éy) oMPE), Msoo W00

ment along the line of sight, andx) the frequency dependence

The first term in EqlI1 corresponds to the distortion caused
the thermal distribution of electrons located in the infniae
ter medium that scatter the CMB photons. The Comptonizati

given by Ar
Msgo = §[5OQOc(Z)] R (7)
e&+1
T = (Xex -1 4)(1 + 052X Te)), @) p(x) corresponds to the generalized NFW model
wherex = hv/kgTcue anddsz(x, Te) is the relativistic correc- p(x) = Po ®)
tion. (Cs00%)”[1 + (Cs00x)?]C—7)/e”

The second term in Eq] 1, the so-called kinetic S&«,
refers to the spectral distortion caused by the movemeriteof @nd the best-fit found by Arnaud et al. (2010) is given by
cluster relative to the CMB radiation. It is caused by thestdu
speed, which creates a Doppler distortion of the scatteed p a2
tons, withre being the optical deptivyecthe speed of the cluster [Po. Csoo. v, @. B8] = [8.403n7;"7, 1.177,0.3081,
towards the line of sight, and the speed of light. This work 1.051Q 5.4905] 9)
considers both the thermal and kinetic contributions insyre
thetic maps produced by Sehgal et al. (2010) and only the ther
mal contribution in our own simulations, since the thernfedet 3. Description of simulated data
is usually at least one order of magnitude larger than thetiin
one.

To perform a thorough testing of our method, we used tvi@di
.ent sets of simulations. The first group is a “homemade” @atas
in the Comptonization parametgras a function of the radial ?:omposed of five components (CMB, SHeet, synchrotron,
. ; . . - U free-free, and dust emission) at the frequencies of 100,243
coordinate of the projected cluster, following the disoussn 353, and 545 GHz (fiv@lanck HFI frequencies). The second
11(2011) group is a more realistic set of sky maps, including, in addit
AT lout to the aforementioned components, point sources. These sim
sz(g) - f(X)O'_TZ f pe( 12 & QZDi)dL (3) ulated data were developed to test the data reduction pepeli
Tems MeC® J_j, for the Atacama Cosmology Telescope (ACT). These maps are
) ) available at the LAMBDA (Legacy Archive for Microwave
where¢ is the angular distance from the cluster cenbg,the Background Data Analysis) website. The details of our simu-
angular diameter diStaanthe radial coordinate from the Cen-|ations are presented belOW, a|ong with a summary of thegkco
tred of the cluster along the line of sighty the Thomson cross- set of high-resolution sky simulations.
sectionm the electron masg,the speed of light, and the elec-
tron pressure profile is given B = nkgTe. FOr a given pres- 1 httpy/lambda.gsfc.nasa.gtwolboxtb_cmbsimov.cfm
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3.1. “Homemade” simulations products” maps (Jarosik et'al. 2011; Gold et al. 2011) abkila

e?rt the LAMBDA website. However, the WMAP measurement

the simplest way for an outsider to tRéanckCollaboration, the hggﬂgn;é:feiﬁeﬁeer:]eigigﬁ Tq;r;)(;s;eo u;g?]éﬂ ftrrélguv(\a/gg?einisvye

observations made _by trﬁéancks_atelllte. . . ._suming that they follow a power law with indexes estimated by
All maps were S|m_ulated using thg HEALPix _(H|¢rarch|<:_ he WMAP team. The intensitl of each Galactic emissiog

qual _Area iso-Latitude Pixelization) pixelization _grquith spectral indeye, depends on the frequeneyaccording to

.1.2005). The maps produced IB®ranck will [ 2003)

haveNsjge = 2048, which means that each map will consist ou

Npix = 5% 10’ pixels of size 1.7 arcmin. | e 10
However, as the angular resolutions of tRAnck instru- e(v) oc v, (10)

ments for the simulated frequencies at which we simulated tgincele(vl) andle(v2) are the intensities of a given emissieat

maps are between 10" and 4', it was unnecessary to simulgig, gigerent emission frequencies @ndv,), you can write the
these maps with pixels of 1.7’ in diameter, since this woldd B+ of these intensities as

about of three times higher spatial resolution tRéeincKs.

Our goal was to generate simple synthetic maps to reproduc

We therefore created maps withjge = 1024 Npix ~ 1.2 X le(v1) vy \Pe vy \Pe
10") and average angular diameters of 3.43", which have lowgr "~ = (—) = le(v1) = |e(V2)(—) . (11)
e(v2) V2 V2

resolutions than the quoted figures for tAkanck frequencies.
Higher resolutions would enhance the SZ features of thelesofi T1,,s we used &, map of a foreground component at a given
’ 2

but since we search for previously unidentified clustersieiad  oquencyy, and the corresponding spectral index, to obtain a
of studying the characteristics of the cluster profile, ttdies not synthetically scaled malp, of emissiore
X .

add sign_ifica_ntly to the search process. Moreqver, it irm@sthe The equatiof 111 was applied, pixel-by-pixel, to maps of syn-

processing time by a factor ef AN, with N being the number chrotron. dust, and free-free emissions in W band (94 GHe). W

of pixels in the map. This set of maps were constructed at th| not scale the maps using a pixel-by-pixel fit but insterei

frequencies of 100, 143, 217, 353, and 545 GHz. A descripti@@ectral indices, wherg, = -3,0, 84 = 2,0, andBs; = —2,16

of the components used in the simulated maps are presentem_ml) for the three types of emission, respelgtiv

the following subsections. Both the maps of Galactic emission and the spectral index val
ues used are part of the WMAP-7 products and results.

3.1.1. Cosmic microwave background anisotropies

We performed our simulations of the temperature fluctuation 3-1-3- The SZ effect

the CMB based on th€, codficients created using the onlineThe clusters were produced from the SZ temperature profiles

interface of CMBFAST cod liak & Zaldarriaga 1996). Weorresponding to the generalized Navarro-Frenk-White ehod
conS|dere2d th&lCDM standard model witl2y ~ 0,27,Qx ~  for the pressure profile of the intracluster gas, as destribe
0, 73,Qbh ~ 0, 024, anch = 0, 72. From this Spectrum,the f|e|din SectionD, using the Va'ueout — RSOO for the integra_

of CMB primary anisotropies of the whole sky was generateghn. We simulated 1000 synthetic clusters positioneditgho
using the SYNFAST routine of the HEALPix package. Fidlire gyt the sky and outside the Galactic region, with random ori-
shows the synthetic CMB map, in thermodynamic temperaturgntations and following a uniform distribution. The temgper
ture profiles were constructed using an adaptation of thén®u

CMB map available at Eiichiro Komatsu’s websditeconsidering mass val-
ues 5x 101%My < Msgo < 1 x 10M,, and a redshift interval
3x 10 < z < 1.5. The resulting simulated maps, in the five
selected frequencies, are shown in [Eig. 2. A section aroued t
north galactic pole was selected to provide a clearer vieth®f
SZ signature at all of the five frequencies.

3.1.4. Symmetric and asymmetric noise

The noise was simulated using the white noise sensitiviifes
each choseRlanckchannel, which is given in thermodynamic
CMB temperature units, estimated for tRenckmission (Tab.

[@). The simulation was carried out to obtain a map of white
—~0.00047 0.00054 Kelvin Gaussian noise, by assuming both a roughly homogeneous cov-
erage of the sky, and an asymmetric sky coverage mimicking a

Fig.1. Cosmic microwave background anisotropy map ihlanckobserving scheme.

Mollweide projection, Galactic coordinates, and Kelvimiger- In the first case (of homogeneous white Gaussian noise, here-
atures. after HWGN), we generated for each frequency, a Gaussian ran

dom distribution of zero mean and standard deviation giwen b
the corresponding white noise sensitivity for 15 monthshef t
mission.

3.1.2. Galactic emission In the second case, tiktancklike noise due to the asymmet-

) o ) ric sky coverage (hereafter NASC) was estimated using time sa
The Galactic contribution to the synthetic maps was added us

ing the WMAP 7-year (hereafter WMAP-7) “derived foreground 2 httpy/gyudon.as.utexas.ettkomatsyCRL/index.html
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SZ effect 100 GHz SZ effect 143 GHz SZ effect 217 GHz

—0.00072 m—— 00X —0.00035 m— 0.0 X —1.5e—06 m— s 00 K
(0.0, 90,0} Gelactic (0.0, #0.0) Gelactic (0.0, 96.0) Galactic

3Z effect 353 GHz 3Z effect 545 GHz

0.0 — —— 0.00011 K 0.0 — m—— 2.1e—05 K
(0.0, 90.0) Gelnctic (0.0, 90.0) Gelnctic

Fig. 2. Ghomonic projection centered on the north Galactic poleialvin temperature, of SZféect in 100, 143, 217, 353 and
545 GHz.

white noise sensitivities and a scaled version of the olagiemv  3.1.5. Construction of a simulated Planck sky

number Nopg Mmap of WMAP-7, which is also available at the

LAMBDA website. Since the most frequently observed regioridsing the components described above, we produced a “home-
by both satellites are the ecliptic poles, we constructétha made”Plancksky. The maps were produced at 100, 143, 217,
map that we considered an acceptable approximatioRlforck 353, and 545 GHz from a combination of maps of CMB, SZ
coverage. The WMAP-R,,s map was adapted to matBtanck effect, synchrotron, dust, and free-free emissions, togettibr
values and the “ring” #ect around the ecliptic poles, which isnoise, added with equal weights, as described in Equiafion 12
not present in th€lanck N,s maps, was smoothed out.

Using the above-mentionéd,,s map for 15 months and a
Gaussian random distribution with zero mean and standard de
viation given by thePlanckwhite noise sensitivity (iuKsY?), x» = X', (12)
=1

we createdPlancklike noise maps (NASC) for each frequency. i

Table 1. Characteristics of théPlanck satellite instruments Wherex’ is the map of the component (emissiargt a given

(adapted frorh Planck Collaboratidn (2011)). frequencyy andX” is the resulting map of the linear combina-
tion of Nc components. Each frequency map was convolved with
Frequency (GHz) 100 143 217 353 545 the Corresponding beam, using the full width at half maximum
FWHM (arcmin) 9,37 7,04 4.68 4.43 3.80 (FWHM) values for thePlanckchannels (Talp]1), then a realiza-

Sensitivity? (uKcwsSY?) 22.6 145 20.6 77.3 10113 tion of the noise was added to each map.

#Uncorrelated noise in 1 s for the corresponding array ofwete The SZ clusters were randomly placed all over the sky
tors in each frequency. . . and we used the WMAP-7 KQ75 mask (also available at the
Obtained from the extrapolation of lower frequencies. LAMBDA website) to remove the Galactic plane neighbour-
hood, as usual in any CMB analysis. The resulting maps for the

five PlanckHFI frequencies are shown in F[g. 3.
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CMB, SZ effect, synchrotron, dust, free—free and noise — 100 GHz, CMB, SZ effect, synchrotron, dust, free—free and noise — 143 GHz

—0.00088 0.00085 —0.00070 0.00070

CMB, SZ effect, synchrotron, dust, free—free and noise — 217 GHz CMB, SZ effect, synchrotron, dust, free—free and noise — 353 GHz

—0.00045 0.00077 —0.00080 0.0020

CMB, SZ effect, synchrotron, dust, free—free and noise — 545 GHz

—0.0052 0.00688

Fig. 3. Linear combination of CMB, SZfeect, Galactic emission (synchrotron, dust, and free-faee) HWGN maps. The unit of
the maps is K, in Galactic coordinates and Mollweide pragect

3.2. High-resolution full-sky simulations The catalogue of SZ halos and both IR and radio galaxies
included in these simulations are also available at the LAMB
website. The SZ catalogue contains 1414339 objects in tte fir

This second set of simulated maps was downloaded from ihe&ant, which are mirrored across the complete celestrarsp

LAMBDA website. They have &sige = 8192 pixelization, cor- The mass range is  10"My < Msgp < 1.5 x 10°M,, with

responding to a resolution of 0.4 arcminutes in siXedent fre-  redshifts in the range @ z < 3.

quencies: 148, 219, and 277 GHz (the ACT observing frequen-

cies) and the additional 30, 90, and 350 GHz, close té’thack The simulated sky maps available at LAMBDA (hereafter

frequencies on the LFI and HFI. The maps are made of (1) thAMBDA maps) have a very fine resolution, and to avoid a very

CMB affected by the lensing of an intervening structure betwedarge computation time in analysing them, we re-pixelizesht

the last scattering surface and observers today; (2) threntlle from Ngige = 8192 toNgige = 2048. We convolved the lower-

and kinetic SZ #ects, plus higher-order relativistic correctionsiesolution maps with Gaussian beams with a FWHM extrapo-

from galaxy clusters, groups, and the intergalactic medi@n lated from thePlanckvalues (see Taf] 2), and then added noise.

a population of dusty star-forming galaxies that emit sgigrat  Following the same procedure used in our “homemade” simula-

infrared (IR) wavelengths but still have significant miceme tions, two kinds of noise maps were used. One contained plain

emission; (4) a population of galaxies, including activéagiac white Gaussian noise with a uniform coverage per pixel. The
nuclei, that emit strongly at radio wavelengths but stilidngig- second considered an asymmetric sky coverage, which was ide
nificant microwave emission, and (5) the foreground emissidical to the one described in Section 311.4 (HWGN and NASC),

of our own galaxy (dust, synchrotron, and free-free). A iietla but for which we used the white noise sensitivities givenhsy t

explanation of these simulations can be founm etektrapolation oPlanckvalues in Tal.11. These values are shown

). in Tab.2.
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Table 2. Sensitivities extrapolated froRlanckfrequencies. decomposition leveh = 5. It is important to remember that the
higher the level used in the transformation, the more nise-
Frequency (GHz) 30 90 148 219 277 3Gihedata.
FWHM (arcmin) 32.65 9.42 6.73 4.66 4.43 4.44 However, our various runs show there is an optimal decom-

Sensitivity tKcwes?) 146.8 257 142 20.9 325 74.position level, above which a kind of “saturation” occurshi
starting the denoising process, it is advisable to perforfiena
tests to verify the optimal level for a given dataset.

4. Separation of components After the transformation of the data to the wavelet space, we
filtered the maps with the HEALPigmoothingf 90 routine, us-
A CMB data set contains a combination of signals from marniig Gaussian beams with FWHA8’ for our “homemade” sim-

sources. The most significant come from our galaxy, the CMBations and FWHM:3’ for the LAMBDA set to minimize the
itself, the SZ &ect, and radidR point sources. Electronic noisenoise level prior to the application of JADE.

is also produced by the detector and associated electrdiics It is important to stress, at this point, that no previousinf

section describes the method used to distinguish betweesigh mation about the input data is used. This means that theeclust

nals from these various components. shape, mass thresholds, or redshift information, for imstaare
Our method is based on a numerical algorithm called tht taken into account. Our wavelet tests are based solely up

Joint Approximate Diagonalization of EigenmatricéADE) the spectral information contained in the data.

(Cardoso & Souloumiac 1993; Cardoso 1/999) basm inde-

endent component analysis (ICA)_(Hyvarinem &|Qja_2000 o . .

I[s)ee, e.g.) andrt)iective in e%racti(ng non-Gaussian componenté;z' Sorting input signals: The JADE algorithm

as in the case of the S4fect. We highlight its most interesting \jany methods developed for signal separation are based on

feature, that of not using any “prior” information about thput  |cA “and can be considered a class knowtbkisd source sep-

components. This feature sorts JADE from other methods usgdtion (BSS)roblems. A typical example of BSS is the pro-

in the CMB/SZ analysis|(Leach et lal. 2008). cessing of multidimensional data with fepriori” information
The original JADE code is irficient in the presence of nOisedH;(varinen etal 2001).

gind we introduced a wavelet pre-cleaning method.priortd-fee This problem consists primarily of retrieving a set f

ing the data to JADE. After component separation, we usgghtistically independent signals from mixtures of these in-

the SExtractd} packagel(Bertin & Arnouits 1996) to detect andtantly observed signals (see, €.g.. Cardoso & Soulolirsad; 1

identify the positions and intensities of the clusters. \&salibe moém@_ In other words, the goal is to estimate theixnat

below the steps of our pipeline, from the initial data preian  of the sources (independent componer@sjnd the mixing ma-

to the elaboration of the final catalogue of cluster canésslat  trix, A, from X, the matrix of linear combinations of individual

The implementation of our pipeline was done fully in IDLsources. This mixture model is described by the equation
(Interactive Data Language) for a number of reasons. Fiist,

environment is very popular in the astronomy community; Seg = AS, (13)
ond, it is one of the languages used by the HEALpix package

and, third, it is the chosen language of the CMB community fevhereX is onemx T matrix, T the number of observed samples
image processing. We modified the JADE routine available @ach row is a mixture ah sources of a specific frequencg)is
MRS] (Multi-Resolution on the Sphere) package, including amx T matrix (each row is the signal from a particular source),
pre-whitening, wavelet-based, and processing step destim andA is am x minvertible matrix, which specifies the original
the next section. signal contributions 08 to X.

The processing time for the full cluster identification pipe It is important to warn the user of some shortcomings and
(pre-whitening-JADE+SEXxtractor) was~18 minutes for the limitations of ICA (Hyvarinen et &l. 2001). First, ICA assam
“homemade” simulations and 1.2h for the LAMBDA maps. that the independent components are statistically indig@n
Figure[4 summarizes the data flow in our pipeline. Second, at least one of the independent components must come
from a non-Gaussian distribution, because Gaussian lalistri
tions have higher-order cumulants equal to zero, which mean
that the ICA model cannot be applied. Finally, for the sake of
The presence of noise requires some sort of pre-processingimplicity, the model assumes that the mixed matrix is sgjuar
permit JADE to deal with the data. This pre-processingstayt 1.€., the number of independent components equals the mumbe
wavelet-transforming each map. The transformation in teaveOf observed mixtures. However, this is not a mandatorg con-
space retains the information contained in the pixels waiter-  dition for using ICA; for details, we refer al
aging the noise contribution and highlighting the datacttrres .

(ﬁfeg@hme). In addition to these limitations, the ICA method does not
We used the Daubechies wavelet transform to remove t@urn the actual amplitudes of signals, since these atialipi
noise from the data. The reasons for choosing this wavatet faunknown. However, this is not a major problem, since thealign

ily are comprehensively discussed in, elg., Torrence & Gbmgan be recalibrated after the separation of the componEnits.

). After conducting several tests, varying the orded alSsue is discussed in Sectibnl4.3. In addition, the methes do
level of the wavelet transform applied to the data, and camp&0t allow the user to determine the sequential ordering ef th
ing the results obtained with JADE in each test, we conclbde t independent components in tBematrix rows, so the ordering
the best choices for this dataset is an ofdes 3 (db3) and a can be freely changed.

4.1. Noise filtering

Originally introduced by__Cardoso & Souloumiac (1993),
3 httpy/www.astromatic.ngsoftwargsextractor JADE is a statistical, ICA-based, technique that relies igi-h
4 httpy/irfu.cea.fren/Phoceavie_deslabogAst/astvisu.php?idast ~ order statistics. Its mixture model is given by Equafioh h8 a
=895 assumes that the resulting sourceS mre non-Gaussian random
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Fig. 4. Block diagram summarizing the SZ detection pipeline fordated maps.

processes with a high signal-to-noise ratio. Since a reiseno the whole matrix is assumed to have the fdvm= ww/ (para
free map does not exist, there is a need for data pre-processn = 1, ..., n) which is an eigenmatrix of the cumulant tensor
before applying this method.

We now describe the data processing steps used By(M) = AMjj = ZkaWml cumaz, zj, z. ), (14)
JADE to obtain the independent components (i.e. the sources K

(Hyvarinen et al. 2001). The method starts by centraliziatad wherewp, is a row of thew matrix and is the eigenvalue. Since

assuming that both the mixture variables and the mdependfma eigenvalues are distinct from each other, each eigeixmat

components have zero means, and it then performs a whiten - T
of the observed signals. For the model described by Equaté%greSponds to an eigenvalue of the f m giving one of

oY ; . o ¥ rows ofw. Thus, with knowledge of the eigenmatrices of the
(I3, the whitening oK is carried out by the whitening matrix cumulant tensor it is possible to obtain the independentpmem

(the inverse of the square root of the covariance matrix ef t : e
data), generating the white vectdr= VX = VAS. We then Eiegnetﬁ\./gﬁjgs was designed to solve the case for indistingblsh

compute a new orthogonal mixing mati¥’ = VA and a new ing td Hyvarinen et a : )
separation matrixV (Hyvarinen et all 2001; Pires et/al. 2006) According t L(20D1), the eigenvalue decom

: T o position can also be understood as a diagonalization psoces
;I;]heedlzi'g‘ Equatiori 13 becomés= W'S, after the whitening of Hence, the eigenvalue decomposition is also a diagonalizat

of the cumulant tensdf(M) that is performed by multiplying
The cumulant tensor of the whitened matfhas a special the matrixwW for anyM, as

structure, which can be seen from the eigenvalue deconmuusit

that accounts for the independent components. To achiésie t) = WF(M;)WT. (15)
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Thus,M; is chosen such th& is as diagonal as possible. cator of accuracy of our calibration method for the JADE oititp
Since theW matrix is orthogonal, its multiplication by an-maps. We also estimate the average disperBiofithe data
other matrix does not change the total sum of squares of ¢he el Nots [ sim < cal
ments of this matrix, thus minimizing the sum of the squarfes§f _ -y
the df-diagonal elements is equivalent to maximizing the sum of — ysim
the squares of the diagonal elements. Thus, this algorithma a '
to maximize the equation obtaining 0.27.

, 17)

1
Npts =)

Jape(W) = Z Idiag(WF (M)W T)|12. (16) 5. Cluster detection
i

After recovering the clusters from a “full sky with noise”
using JADE, and recalibrating their fluxes, we used the
The maximization of§ ;ape is @ method of the joint approxi- SExtractor packagé (Bertin & Arnolits 1996; Holweétda 2005)
mate diagonalization df(M;). TheM; matrices are chosen fromto select the cluster candidates. The most important S&xira
the eigenmatrices of the cumulant tensor, which providesll parameters, and those that most strongly influence the
evant information about the cumulants because they share ttbsults, are DETECITTHRESH (the detection threshold),
same space as the cumulant tensor. DETECTMINAREA (which sets the minimum number
The A matrix is obtained by applying JADE to the data irof pixels above the threshold triggering detection), and
wavelet space. Multiplying its inversé&t(?) by X, we obtain the FILTER_NAME (which selects the file containing the filter def-
S matrix of components. This result can be achieved becaeseithition).
application of wavelet transform does ndfeat the A matrix, SExtractor &fers a number of filters to be used in this kind
but only increases the accuracy of the calculation. Sineedth of analysis, that have various FWHM and sizes (both given
matrix was carefully calculated, it was applied to the ingata in pixels). For our analysis, the filter that most closelyaec
to extract the SZ map. ered the input data was the Gaussian filter. For the "home-
FigureB shows an examp|e of the extraction of an SZ m ’ade”.datasets, we used a FWHM of 4 p|Xe|S and a mask with
obtained from the analysis of the “homemade” input maps withx 7 pixels. For the LAMBDA dataset, the values were, respec-
HWGN. It can be seen from these results that the temperatii¥€ly, 2 and 5x 5 pixels. In addition, we used threshold val-
scale of the recovered SZ map does not match the scale of #§8 of 2507, 1.507, 2.0c7, and 20c for the *homemade” datasets
simulated maps, since JADE loses the calibration inforomati + HWGN, the “homemade” datasetsNASC, the LAMBDA
during data processing. The next section discusses theggodatasetsr HWGN, and the LAMBDA datasets- NASC, re-
of calibration recovery for each frequency_ SpeC“Ver. DETECIMINAREA was set equal to 4 and 8 for
the “homemade” and LAMBDA datasets.
We compare the positions of the calibrated clusters found by
4.3. Recovering calibration SExtractor with those included in the input sky maps, to aoto

. I . for false detections. The criterion used to make that dererm
The appropriate method for calibrating the recovered mag1s i,y was that for each position of cluster candidate in@idaty

rived from an initial analysis comparing the output map te thggyractor we checked for the existence of clusters in degirc
input map to see how the fluxes of known clusters or other p

ial calib h . h ion. We foundt 8f radius equal to three pixels, around that position. If¢heas
tential calibrators change in each map region. We founc teat o cluster in the region, the candidate was considered a dials
intensity of the recovered map by JADEfers from the input

-“* tection. If there was more than one, the most massive cluster
data by a nearly constant value across the whole map. SinCe g me( to be the detection, since it is more likely that o i
do not deal with real data, no known sources can be used to

N . & most massive cluster. At this point, we did not consiter t
construct the calibration, so we used our fake input clsster

. . . possibility of multiple detections.
accomplish this task. In a real map, however, prior knowdaoly =, regyits obtained from the analysis of both datasets and
the fluxes of a few well-known sources allows the calibrafam

noise types are summarized in Tab. 3, which shows the number
the full map to be made. , _ of cluster candidates indicated by SExtractor, the numbesm-

We took the clusters’ central valuéd'sz in the input and  firmed clusters, and finally both the purity and completerndss
output maps and calculated the ratio of both for each se&lecige recovered “catalogue”. The Fi§s. 8 dnd 9 present the com-
cluster. The average value of these ratios, at each of thedre  pjeteness by redshift and mass interval for each datasefih
cies, is the value by which the recovered map is multiplie®to one shows that the completeness does not change significant|
cover the calibration. In this work, we used 50 clusters canld  yith redshift, which highlights the redshift independenééhe
chosen to perform the procedure, since the larger the nuaibesz gfect, as expected. The second one shows the sensitivity of
clusters used in the calibration, the more accurate thétresu the Sz gfect to the mass of the cluster, the completeness in-

A section of the map in Fi@l 5 calibrated for each frequency igeasing with increasing mass. It can also be seen from these
shown in Fig[®, which can be inspected and visually comparfigures that the dierent noise models led to slightlyftérent re-
to the same section of the simulated map (Elg. 2) to check fgiilts, implying that one has to test the pipeline paraméeisd
large diferences in the temperature scales. the most appropriate filtering scheme (with respect toimsén-

We proceeded to compare thevalues of the profile ampli- tal properties such as beam size and expected noise level) fo
tude (the central value) calculated from both the simulatedi given dataset.
calibratedATsz values of the clusters, shown in Fid. 7. In this  There is a considerableftérence between the two datasets
graph, each point is equivalent to a single cluster and thgadi used in this work, which allowed us to test and evaluate the
nal lines represent the “equality line”. The closer the ptorthe pipeline under two very dlierent conditions.
diagonal, the closer the input (simulated) and output (reced The total completeness obtained from the analysis of our
and calibratedy values. Thus, the plot in Fif] 7 is a good indisimple “homemade” simulations provide a first indication of
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57 effect recovered

Fig.5. Our SZ-dgfect map recovered with JADE algorithm from the analysis of‘bomemade” maps contaminated by HWGN.

52 effect 100 GHz 52 effect 143 GHz BZ effect 217 GHz

—0.00072 m— e 0.00022 —0.00029 m— T 0.00012 —1.5e—06 m— — 4.5e—07
(0.0, 90.0) Galactic (0.0, 90.0) Galactic (0.0, 90.0} Galnctic

BZ effect 353 GHz 52 effect 545 GHz

—3.2e—05 m— T 0.00011 —6.5e—06 m— — 2.le-05
(0.0, 90.0} Galnctic (0.0, 90.0) Galactic

Fig.6. Gnomonic projection centred on the north Galactic polehef $Z map in Figll5 (“homemade” HWGN result) when
calibrated for each input frequency.
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Table 3. Results for both datasets.

Input maps Found clusters  Confirmed clusters  Pu(d#y) Completenedg%)
“Homemade™+ HWGN 766 725 94.6 72.5
“Homemade”+ NASC 813 804 98.9 80.4

LAMBDA + HWGN 3928 3873 98.6 0.034
LAMBDA + NASC 3560 3550 99.7 0.031

@ purity = true detectiongotal detection
® completeness true detectiongsimulated clusters

0.0005F

2) A parameter set was determined for the full pipeline
(wavelet tool, JADE, and SExtractor) that delivered cajaks
from two simulated datasets with a level of purity (ratio ohe
firmed clusters to total detected clusters) above 90%.

Our method is a complementary approach to the MF algo-
rithm currently used by th@lanck SPT and ACT collabora-

0.0004;

0.0003

Calibrated y

09002 . o tions {Planck Collaboratitin 2011; Story etlal. 2011; Hanallet
g izt [2011), and can be used as a redundant tool in their data anal-
0.0001 - ysis pipeline. The results of using MF in CMB data analysis
E are widely described in the literature, hence we performume f
0.0000 1 1 L I . . . .
00030 P P o ooua o oo0a soss  ther testing here. Our goal is to describe an alternative (ae-

Simulated y ful) technique to identify SZ clusters witto prior assumptions

_ ) ) ~about the input datand under very dierent input conditions.
Fig. 7. Graph of simulated and calibratggparameters, obtainedwe do not intend to perform a direct comparison between the
analysing our “homemade” simulation with HWGN. The diagowwo methods.
nal straight is the line of equality. We have developed a full pipelffiewhich is represented
in the block diagram of Fid.]4 and can be summarized in four
main steps: data preprocessing (de-noising) based on dewave
tool, separation of components (emissions) by JADE, calibr
tion of the recovered SZ map, and the identification of the-pos
tions and intensities of the clusters using the SExtraciokage.

the dficiency of the method. However, it is inSicient, since
it does not account for other contaminants of the SZ signah s
as the cross-terms of the thermal and kinetic $2as, radio

sources, unresolved SZ clusters, and the SZ backgroundré o simulated datasets were run through this pipeline: afto

thorough test_ing was don(_a by processiljg the LAMBDA ma ade” set and the more complete LAMBDA dataset, which were

through the plpellr_1e. Despite the_largéfelrences between bothboth described in Sectiops 8.1 4nd]3.2.

datisetsr,] we obtained :F\]very similar r_esulr':. o th « it The results presented in TdB. 3 of Seciidn 5 indicate that
. nother point wg_rt menrflonlngl IS t alt, In this ¥v<)hr » Tour method performed venfiiciently for both datasets. They

makes no sense to discuss the total completeness of the reKky slightly according to the characteristics of the datpe-

ing catalogue, since there is a very large number of cluslists i,y in terms of the noise characteristics, and we cauti

tributed over the full sky, most of them well below&10YM,, the whole pipeline may performf@érently when applied to real

and so unresolved via the SZ signal. Nevertheless, thetses F it )
obtained using the LAMBDA maps presented a level of puril%ita' Thus, the application of our method to real data may re

above 90%. The completeness of the mass and redshift ther\f u(;r(c-:;pst?mmaei ngrl;sr;rgteel:; I?omﬁep rdeepr:gics?iglr;%g) ?:%ee;[oemtml

behave as expected, reaching a very low levels at lower MASSE yiscussed in Sectionsk.1 &hd 5

and clearly increasing towards tens of percent for massageab ' '
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Fig. 8. Relation between completeness and redshift intervals for
recovered SZ catalogues. The graphics from top to down cor-
respond to results of the analysis of “homemadeHWGN,
“homemade™ NASC, LAMBDA + HWGN and LAMBDA +
NASC, respectively.
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