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Abstract. For cold dark mattermodels, imagesof temperaturefluctuationsin the cosmic mi-
crowave background(CMB), dueto Sunyaev Zel dovich (SZ) effect have beenbeensimulatedtak-
ing a cosmolgicaldistribution of clustersinto account.All themodelsarenormalisedto the4-year
COBE data. The imagestatisticsarecomparedwith the ATCA limits on arcminscaleanisotropy.
Thecomparisonappearsto favour low- ��� openuniversemodels.
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1. Intr oduction

Anisotropiesin the CMBR are generallydivided broadly into two categories, i.e. pri-
maryandsecondaryanisotropies.Theprimaryanisotropiesaredueto scatteringat thelast
scatteringsurface. The secondaryanisotropiesarisedueto scatteringof the background
photonsasthey travel from thelastscatteringsurfaceto thepresenttime. Amongthevar-
iouseffectsgiving anisotropieson smallangularscales,we focuson SZ effect. SZ effect
[1] occurswhenthe hot intraclustergasinversescattersthe passingmicrowave photons,
wherethe electronsin the gastransferenergy to the CMB photonspassingthroughthe
cluster, andthis in turn distortstheCMB spectrum.This effect is observableasa change
in sky brightnesstowardstheclusterwith respectto themeanbackgroundintensity. The
magnitudeof thedistortionis givenby theComptony-parameter.���������������! #"$�&%(')  +* � ,  �-/.#0 (1)

Here �! , ,  and )  referto theelectrontemperature,numberdensityandmassrespec-
tively in theclusterand �1% is themicrowavetemperatureat redshift 2 . -3. is theThomson
scatteringcoefficient. Notethat � is dimensionless.
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In SZ effect, the surfacebrightnessof the fluctuationhasthe major advantageof be-
ing independentof distance. It hasanotheradvantagedue to the fact that for the inte-
gratedSZ effect dueto anobject,its flux densityis proportionalto thetotal hot gasmass
timestheparticleweightedtemperature.Therefore,thedistortionis independentof thegas
spatialdistribution for unresolvedclusters(for detailsseeBartlett [2] andthe references
within). In this work we usea SZ blanksky survey to put limits on cosmologicalparam-
eters. Throughoutthe work vacuumenergy parameter4 �65 , andthe Hubbleconstant7 �98:5;5 h km/s/Mpc.

2. Computing the microwavebackground statisticsfr om SZ effect

2.1 ClusterdistributionandCOBEnormalisation

For our simulationwe have to relatethenumberdensityof collapsedvirialisedobjectsto
theinitial densitycontrast.Undertheassumptionof initial Gaussiandensityperturbations,
themassandredshiftdistributionof clustersis givenby thePress–Schechtermassfunction
[3]

, �=<�> 2 ' � < �@? ABDCFE�GIHKJ< LNM�OOOO
�QPSR -��=<T'�QPSR < OOOO

UNVXW�Y[Z � � << > (2)

where,writtenexplicitly,

LNM �=<�> 2 ' �]\ M � 2 >K^_>K`1'-��=<T' acb � 5 >K^_>�`3'a�b � 2 >K^_>�`3' 0 (3)

a�b is thegrowth functionand \ M �@8 0 d;e [4].

- � �=fc> 2 ' �g�ihj �/kk k �A B �/l � k ' OOO
mn$o � k ' OOO

� > (4)

where
mn$o � k ' is the Fourier transformof a real spacewindow function and < o ���p Brqts ' C M ^ j f � is the massinsidethe window. Note that dueto the exponentialterm in

the massfunction, the cosmicabundanceof high massobjectsareextremelysensitive to
theamplitudeandslopeof powerspectrumandthegrowth function.

For ourwork wehave takenthefollowing transferspectrum[5]

�Xu�v!w��yxN' � PzR � 8#{ A�0 s p|xN'AQ0 s pFx }g~ 8#{ s 0 e|�;x {�8 d/0 8 x � {i� 0 pFd;x � { d�0�� 8 x ��� V � Z �
(5)

with x �@k qN�3� and � � ^ j � U��Q� ��"�^���"�^�� q ^ j ' . Thepower spectrumis constructed
from thetransferfunctionin theusualwayk �A B � l � k ' ��� * k7 j/� �K�!� \ �� � � � k ' a �b � 2 ' q a �b � 5 '+> (6)

where, is theindex of primordialpowerspectrumand \ � is theamplitudeof perturbation
onthehorizonscaleat 2 ��5 . COBEnormalisationis donefollowing BunnandWhite [6].
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2.2 Generating theimages

Wehavesimulatedsquarepatchesof sky of sidep(AN�zp 5 � � whichis subdividedinto 256pixels
of 8�5 � � andateachredshiftslicetheclustersarerandomlyPoissondistributed.Therandom
distributionof massesgeneratesrandomimagesof thesky asshouldbeseenby atelescope
in ablanksky survey, anensembleof which is neededfor thisstudy. For resolvedclusters,
thedensityprofileof theclusteris givenby theisothermal� model.

Upontheassumptionself similar collapse,thecoreradius � M andclustertemperature�
hasthefollowing scalinglaw

� M �=^ j >K<�> 2 ' � 8 0 sN� V �+� �&�� 8� 8#{ 2 '�� <8�5 ��� � V � �¡ £¢ �¤^ j �T8 > 2 ��5 '^ j ¢ �¤^ j > 2 ' ¥ � Z � >
� � d�0�� } 8:5;¦ � 8#{ 2 ' � <8:5 �§� � V � �   ¥ � Z � } � ^ j ¢ �¤^ j > 2 '¢ �=^ j �@8 > 2 ��5 ' ¥ � Z ��¨ 0

(7)

Herethe nonlineardensitycontrastat virialisation is ¢ � mC q C where
mC is the pertur-

bationdensityand C is the backgrounddensity. (see,Colafrancescoet al [7]). For the
no-evolution case,the gasmassfraction is assumedto be roughly 5 0 8 of the total mass.
Knowing theimpactparameterof thephotonstravelling throughthecluster(w.r.t centre),
the � parameterat eachpixel canbe calculated.The SZ decrementat eachpixel is sim-
ply given by ¢ � q � � "�A � . Oncethe cumulative decrementat eachpixel is obtained
for a distribution of clusters,thevarianceis calculated,bothbeforeandafterconvolution
with theATCA beampatternat 8.7GHz. Typical simulatedimagesareshown in figure1.
Thesimulationresultscanthenbecomparedwith theobservationallimits on arcminscale
CMB anisotropy setby theATCA experiment[8,9].

3. Resultsand conclusion

Oncethe simulationsarecomplete,andthe statisticsarecalculatedafter convolving the
simulatedsky with theATCA beam,comparisonwith presentobservationscanbemade.
Thereappearsa generaldecreasein thevarianceof thetemperatureanisotropy dueto the
SZ decrementaswe go down from higherto lower effective shapefactor(or lower ^ j ).
Theexpectedvarianceobtainedfor sCDM modelis far morethanthe limit setby ATCA
observationswhich is about20 © Jy perbeam.Thevariancedropsdown asonegoesfrom
a flat universeto anopenuniverse,andfallsbelow theATCA limit around̂ j ��5 0 p .

A comparisonbetweenthesCDM modelandanopenCDM ( ^ j �g5 0 p ) is illustratedin
thetable.Thusthepresentdataseemsto disfavour thestandardCDM scenario.Notethat
SZ effect is genericallynon-gaussianandthenegative-skewed-natureof SZ effect maybe
usedto distinguishit from other‘contaminents’,‘foregrounds’andinstrumentnoise.
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(a)

(b)

Figure1a,b. A typical image:Figure(a)showsan1 arcmingaussianconvolvedimage
with contoursat ª 100 «/¬® (2, 3, 4, 6, 8, 12,16,24). Figure(b) showsanATCA beam
convolved imagewith contoursat 50« Jy/beam ( ª 16, ª 12, ª 8, ª 4, ª 2, ª 1, 1, 2,
3, 4, 6).
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Table1. Comparisonof varianceafterconvolution.

Model � � ¯ °Q± Variance( « Jy)

sCDM 1.0 0.65 1.57 58.2
oCDM 0.4 0.65 0.65 3.5
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