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Abstract. For cold dark matter models, imagesof temperatureluctuationsin the cosmic mi-
crowvave background CMB), dueto Suryaer Zel dovich (SZ) effect have beenbeensimulatedtak-
ing a cosmolgicaldistribution of clustersinto account.All the modelsarenormalisedo the 4-year
COBE data. The imagestatisticsare comparedwith the ATCA limits on arcmin scaleanisotrop.
Thecomparisorappearso favourlow-£2y openuniversemodels.
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1. Intr oduction

Anisotropiesin the CMBR are generallydivided broadly into two categories,i.e. pri-
maryandsecondanganisotropiesThe primaryanisotropiegredueto scatteringatthelast
scatteringsurface. The secondananisotropiesarisedueto scatteringof the background
photonsasthey travel from the lastscatteringsurfaceto the presentime. Amongthevar
ious effectsgiving anisotropien smallangularscaleswe focuson SZ effect. SZ effect
[1] occurswhenthe hot intraclustergasinversescattersghe passingmicrowave photons,
wherethe electronsin the gastransferenegy to the CMB photonspassingthroughthe
cluster andthis in turn distortsthe CMB spectrum.This effectis obserableasa change
in sky brightnesgowardsthe clusterwith respecto the meanbackgroundntensity The
magnitudeof thedistortionis givenby the Comptony-parameter

K(T, —T
Yy = /dl%neﬂ"f. (1)

HereT,, n. andm, referto the electrontemperaturenumberdensityandmassrespec-
tively in the clusterandT’, is the microwave temperaturetredshiftz. o7 is the Thomson
scatteringcoeficient. Notethaty is dimensionless.
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In SZ effect, the surfacebrightnessof the fluctuationhasthe major advantageof be-
ing independenbf distance. It hasanotheradvantagedue to the fact that for the inte-
gratedSZ effect dueto an object,its flux densityis proportionalto the total hot gasmass
timestheparticleweightedtemperatureThereforethedistortionis independentf thegas
spatialdistribution for unresoled clusters(for detailsseeBartlett[2] andthe references
within). In this work we usea SZ blank sky surwey to put limits on cosmologicabaram-
eters. Throughoutthe work vacuumenegy parametetA = 0, andthe Hubble constant
H = 100 h km/s/Mpc.

2. Computing the microwave background statisticsfr om SZ effect
2.1 Clusterdistribution and COBEnormalisation

For our simulationwe have to relatethe numberdensityof collapsedvirialised objectsto
theinitial densitycontrastUndertheassumptiorof initial Gaussiardensityperturbations,
themassandredshiftdistribution of clusterds givenby the Press—Schechterassunction

(3]
_ /2 pmean  |dlno(M)| _,2,dM
n(M,z)dM = \/; v | Tawar | U 2)
where,written explicitly,
de(2,82,A) Dy(0,0, A)
M, z) = .
W2 =700 DG ©
D, is thegrowth functionandd, = 1.68 [4].
* dk k® - 2
o”(R, 2) :/ ?2—2P(k)‘WR(k) ; (4)
0 Y3

where WR(k) is the Fourier transformof a real spacewindow function and M =
(47 /3)p. Qo R? is the massinside the window. Note that dueto the exponentialtermin
the massfunction, the cosmicabundanceof high massobjectsare extremely sensitve to
theamplitudeandslopeof power spectrumandthe growth function.
For our work we have takenthefollowing transferspectruni5]
_In(1+2.34q)

Topm(e) = =5 30— X [1+ 3.89¢ + 16.1¢% + 5.46¢° + 6.71¢*] */*
©)

with ¢ = k/hT andT' = Qohexp (—Qp — QB /). The pawer spectrumis constructed
from thetransferfunctionin the usualway

3 ¢ 3+n
e P0) = () BT WD/DI0) ©

272 0

wheren is theindex of primordialpower spectrunmandd g is theamplitudeof perturbation
onthehorizonscaleatz = 0. COBEnormalisatioris donefollowing BunnandWhite [6].
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2.2 Geneatingtheimages

We have simulatedsquaregpatche®of sky of side42’40"” whichis subdvidedinto 256 pixels
of 10" andateachredshiftslicetheclustersarerandomlyPoissordistributed. Therandom
distribution of massegeneratesandomimagesof thesky asshouldbeseenby atelescope
in ablanksky surey, anensemblef whichis neededor this study For resohedclusters,
thedensityprofile of the clusteris givenby theisothermal3 model.

Upontheassumptiorself similar collapse the coreradiusr, andclustertemperaturd’
hasthefollowing scalinglaw

1.3h~'M 1 M AQy=1,2z=0)1"°
ro(Q, M, ) = 130 MeC [ (@ =12 0)] ,

»  (1+2)|10%0My  Q0A(Q, 2)

T=6.7x107(1+2z

) 2/3 y Q()A(Qo,Z) 1/3 X
105h—1 M, AQ=1,2=0) '

(7)

Here the nonlineardensitycontrastat virialisationis A = j/p wherep is the pertur
bationdensityand p is the backgrounddensity (see,Colafrancescet al [7]). For the
no-evolution case,the gasmassfraction is assumedo be roughly 0.1 of the total mass.
Knowing the impactparameteof the photonstravelling throughthe cluster(w.r.t centre),
the y parameteiat eachpixel canbe calculated. The SZ decrementt eachpixel is sim-
ply givenby AT /T = —2y. Oncethe cumulative decrementat eachpixel is obtained
for a distribution of clustersthe varianceis calculated poth beforeandafter corvolution
with the ATCA beampatternat 8.7 GHz. Typical simulatedmagesareshovnin figure 1.
Thesimulationresultscanthenbe comparedvith the obsenationallimits on arcminscale
CMB anisotropy setby the ATCA experiment|8,9].

3. Resultsand conclusion

Oncethe simulationsare complete,andthe statisticsare calculatedafter corvolving the
simulatedsky with the ATCA beam,comparisorwith presentbsenationscanbe made.
Thereappearsa generaldecreasén the varianceof thetemperaturenisotroy dueto the
SZ decrementswe go down from higherto lower effective shapefactor (or lower ).
The expectedvarianceobtainedfor sCDM modelis far morethanthelimit setby ATCA
obsenationswhich is about20 pJy perbeam.Thevariancedropsdown asonegoesfrom
aflat universeto anopenuniverse andfalls below the ATCA limit aroundQy = 0.4.

A comparisorbetweerthe sCDM modelandanopenCDM (¢ = 0.4) is illustratedin
thetable. Thusthe presendataseemdo disfavour the standardCDM scenario.Note that
SZ effectis genericallynon-gaussiaandthe negative-slewed-natureof SZ effect maybe
usedto distinguishit from other‘contaminents’;foregrounds’andinstrumentnoise.
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Figure la,b. A typicalimage:Figure(a) shavs an1 arcmingaussiartonvolvedimage
with contoursat—100uK % (2, 3,4, 6,8,12,16,24). Figure(b) shavs anATCA beam
cornvolved imagewith contoursat 50y Jy/beamx (—16,—-12, -8, -4, -2, -1,1, 2,

3,4,6).
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Table 1. Comparisorof varianceaftercorvolution.

Model Qo A o8 Variance(uJy)

sCDM 10 0.65 157 582
oCDM 04 065 0.65 35
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