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W eaddressthee�ectofan extended localforeground on thelow{‘anom aliesfound in the

CM B.R ecentX {ray cataloguespointusto the existence ofvery m assivesuperstructures

atthe100 h� 1M pcscalethatcontribute signi�cantly to thedipolevelocity pro�le.Being

highly non{linear,these structures provide us a naturalcandidate to leave an im print

on the CM B sky via a localR ees{Sciam a e�ect.W e show that the R ees{Sciam a e�ect

oflocalforegrounds can induce CM B anisotropy of�T=T � 10 � 5 and we analyse its

im pacton m ultipolepoweraswellastheinduced phasepattern on largestangularscales.

1. M otivation and O verview

Atlargestangularscaleswhich correspond tosm allm ultipolem om ents‘thereexist

puzzling featuresin theCosm icM icrowaveBackground (CM B).Thenearvanishing

ofthe two{point angular correlation function in allwavebands for angular scales

between 60� and 170� is one ofthe longestknown anom alies,already detected in

the data ofthe Cosm ic Background Explorer’s Di�erentialRadiom eter (CO BE{

DM R).Ithasbeen con�rm ed and persistsin the three{yearW ilkinson M icrowave

Anisotropy Probedata [W M AP(3yr)].1,2 Am ong thetwo{pointangularcorrelation

functionsithasbeen shown thatnone ofthe alm ostvanishing cut{sky wavebands

m atchesthe fullsky and again neitherone ofthese isin accordancewith the best

�t�cold dark m atter (�CDM )m odel. 3 The disagreem entturned outto be even

m ore distinctive in the W M AP(3yr)data than in W M AP(1yr)and isunexpected

at99:97% C.L.forthe updated InternalLinearCom bination m ap [ILC(3yr)].3

Besidesthelack ofpower,thereareanum berofrem arkableanom aliesregarding

thephaserelationshipsofthequadrupoleand octopolewithin theW M AP data.4{6

In orderto be ableto m akedistinctstatem entswith respectto a phaseanalysisof

m ultipoleswem akeuseofthem ultipole vectorsform alism .7 Looking atquadrupole

plusoctopolevectorsfrom W M AP(3yr)thealignm entwith theequinox (EQ X)and

with theecliptic isfound to be unlikely at99:8% C.L.and 96% C.L.respectively.3

The correlation with the dipole direction and with the galactic plane is found to

be odd at99:7% C.L.and 99% C.L.respectively.M oreoverfrom the com bined full

sky m ap of‘ = 2 + 3 one infers that the octopole is quite planar and that the

ecliptic strongly followsa zero line ofthe m ap,leaving the two strongestextrem a

in thesouthern hem isphereand thetwo weakestin thenorthern hem isphere.Som e

of these e�ects are statistically dependent,e.g.given the observed quadrupole{

octopolealignm ent,thesigni�canceofalignm entwith thegalacticplaneisreduced

to unrem arkable88% C.L.

These�ndingssupporttheconclusion thateithertheUniverseasseen byW M AP
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isnotstatisticallyisotropicon largestscales,orthattheobservedfeaturesaredueto

unexpected foregrounds,hidden system aticsornew physicschallengingthestandard

cosm ologicalm odel.Diverse attem pts for explanation can be found in the litera-

ture:considering anisotropic orinhom ogeneousm odels[Bianchifam ily,Lem â�tre{

Tolm an{Bondi(LTB)m odels],8{13 Solarsystem foreground,14 lensingoftheCM B15

and m oving foregrounds,16 Sunyaev{Zel’dovich (SZ) e�ect17,18 and Rees-Sciam a

(RS)e�ect,12,19 considering a non{trivialtopology oftheUniverse,20,21 considering

m odi�cations and re�nem ents ofthe standard sim plest scenario ofin
ation, 22{28

considering possible phenom enology ofloop quantum gravity.29,30 In this talk we

updateand expand ourpreviouswork12 in thelightoftheW M AP(3yr)datarelease.

2. LocalStructures and R ees-Sciam a E�ect

Recent X-ray catalogues ofour neighborhood show that a m ajor contribution to

thedipolevelocity pro�leoriginatesfrom theShapley Supercluster(SSC)and other

density concentrationsatadistanceofofaround 130{180h�1 M pc.31{34 TheSSC is

a m assiveconcentration centered around the objectA3558 with a density contrast

of� ’ 5 overthe inner30 h�1 M pc region.35

W ewillshow thattheCM B displayscorrelationsbetween thedipoleand higher

m ultipolesafterpassing through non{linearstructures,dueto theRS e�ect.36 The

physicsoftheRS e�ectisthatin thenon{linearregim eofstructureform ation,the

gravitationalpotentialchangeswith tim e,sophotonsclim b outofaslightlydi�erent

potentialwellthan theonethey fellinto.Following ref.37 theCM B anisotropy pro-

duced by a sphericalsuperstructureisestim ated by theintegralofthegravitational

potentialperturbation � ’ �M =d alongthepath ofthephoton:�T(�;’)=T ’ �v c,

where d is the physicalsize ofthe structure and �M is the m ass excess.Here we

assum ed a structure collapsing at velocity vc and let the evolution tim e of the

structure tc be the m atter crossing tim e d=vc (using c � 1 � G ).W e estim ate

the typicalcollapse velocity from the energy balance condition v2c ’ � and get:

�T(�;’)=T � � 3=2 � (�M =d)3=2.W e m odelthe non{linearstructure by a spher-

ically sym m etric LTB m odelem bedded in a 
at (
= 1) Friedm ann{Robertson{

W alkerUniverse.Substituting theexpression forthem assexcesswithin thism odel

wearriveat:37

�T(�;’)

T
�

�
��

�

� 3=2 �
d

t

� 3

; (1)

wheretisthe cosm ictim e atwhich the CM B photonscrossed the structure.

InsertingthecharacteristicsoftheSSC itfollowsthata CM B anisotropy of10�5

due to a localRS e�ectis reasonable.Forsim plicity we picture the localUniverse

asa spherically sym m etricdensity distribution,with the LocalG roup (LG )falling

towardsthecoreoftheoverdensity atthecentre.Thelinebetween ourlocation and

the centre de�nes a preferred direction ẑ,which in the present case corresponds

to the direction ofthe dipole.This setup exhibits rotationalsym m etry w.r.t.the

axis ẑ (neglecting transversecom ponentsofourm otion).Consequently,only zonal
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Fig.1. Likelihood ofquadrupole and octopole power for increased axialcontributions.Vertical

lines denote experim entaldata:W M A P(1yr) cut{sky and W M A P(3yr) m axim um likelihood es-

tim ate. Considering the quadrupole adding any m ultipole power was excluded at > 99% C.L.

w.r.tW M A P(1yr) butitis possible to add up to 60�K within the sam e exclusion levelw.r.t.the

W M A P(3yr) value.The octopole is m ore resistant against axialcontam inations as it is possible

to add a whole 100�K before reaching the sam e exclusion levelw.r.tthe updated W M A P data.

harm onics(m = 0 in the ẑ-fram e)are generated.Note thatany othere�ectwith

axialsym m etry would also induce anisotropy only in the zonalharm onics.

3. M ultipole A nalysis

W estudyhow m apsoftheCM B area�ected bytheanisotropyinduced byadditional

axisym m etric contributionsaaxial
‘0

added to the quadrupole and octopole by using

M onte Carlo (M C)m ethods.Aspredicted by the sim plestin
ationary m odels,we

assum e that the a‘m are fully characterised only by angular power,for which we

usethevaluesfrom thebest�t�CDM tem peraturespectrum to theW M AP data. 2

W e produced 105 M C realisationsof‘= 2 and ‘= 3 forthe statisticalanalysis.

Theangularpowerspectrum isestim ated by C‘ = 1=(2‘+ 1)
P

m
ja‘m j

2.In �g.

1weshow how thehistogram sforthequadrupoleand octopolepowercom parewith

the m easured valuesfrom W M AP(1yr,3yr).Considering the W M AP(1yr)cut{sky,

adding any powerto the quadrupole wasalready excluded at> 99% C.L.whereas

the W M AP(3yr)data allowsforadding up to aaxial20 = 60�K in orderto reach the

sam e exclusion level.The octopole isquite robustagainstaxialcontam inationsas

it lies better on the �t:in orderto reach the sam e exclusion levelof> 99% C.L.

it is necessary to add aaxial30 = 80�K w.r.t.the W M AP(1yr) cut{sky and a whole

aaxial30 = 100�K w.r.t.the W M AP(3yr) value.Considering only the W M AP(3yr)

m axim um likelihood estim ate and increasing the e�ect oflocalstructures up to

aaxial
‘0

= 70�K leadsto an exclusion of99:5% C.L.forC2 and 92:9% C.L.forC3.

The next question is what kind ofphase pattern the contribution aaxial
‘0

will

induce on the CM B sky.Using the m ultipole vector form alism 7 a (tem perature)

m ultipole on a spherecan be alternatively decom posed as:

T‘ =

‘X

m = �‘

a‘m Y‘m (�;’)= A
(‘)

"
‘Y

i= 1

�

v̂
(‘;i)

�ê(�;’)

�

� L‘(�;’)

#

; (2)
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where ê(�;’) = (sin� cos’;sin� sin’;cos�) is a radialunit vector.W ith the de-

com position (2)itispossibleto obtain an uniquefactorisation ofa m ultipoleinto a

scalarpartA (‘) which m easuresitstotalpowerand ‘unitvectorsv̂
(‘;i)

thatcontain

allthe directionalinform ation.The signsofthe m ultipole vectorscan be absorbed

into the scalarquantity A (‘),and arethusunphysical.

Introducing the ‘(‘� 1)=2 oriented areasn(‘;i;j) � v̂
(‘;i)

� v̂
(‘;j)

=ĵv
(‘;i)

� v̂
(‘;j)

j

weareready to de�nea statisticin orderto probealignm entofthenorm alsn (‘;i;j)

with a given physicaldirection x̂:

Sn x �
1

4

X

‘= 2;3

X

i< j

�
�
�n

(‘;i;j)
�x̂

�
�
�: (3)

W e test for alignm ent with three naturaldirections x̂:the north ecliptic pole

(NEP),EQ X and the north galactic pole (NG P).The results ofthe correlation

analysisareshown in �g. 2:in the�rstrow thepreferred direction ẑ coincideswith

the direction oflocalm otion,the dipole.38 Here the anom aly becom esworsewhen

increasing the am plitude ofthe axialcontribution.Butfor x̂ = NEP the exclusion

becom essom ewhatm ilder;e.g.aaxial‘0 = 40�K leadsto an exclusion of99:2% C.L.

forILC(1yr)butonly 98:2% C.L.forthe updated ILC m ap.Finding an alignm ent

with the EQ X though isstrongly excluded at> 99:2% C.L.even with a vanishing

axialcontribution forboth one{ and three{yeardata.

In the second row of�g. 2 we let the preferred direction pointto the NEP as

a com plem entary test.Here the probability to �nd an ecliptic alignm entbecom es

dram atically increased:with a aaxial
‘0

= 70�K itis 17% and 10% forthe ILC(3yr)

and ILC(1yr) values respectively.Regarding the three{year data the probability

for �nding an EQ X alignm ent increases from 1% to 3% for a axial
‘0

= 70�K .The

alignm entwith the NG P rem ainsquite stableforboth tested directionsofẑ.

4. C onclusion

Recentastrophysicaldata cataloguing ourneighborhood in the X{ray band point

us to the existence of m assive non{linear structures like the SSC at distances

� 100 h�1 M pc.Besides its signi�cant contribution to the dipole velocity pro�le

such a structure isable to induce anisotropies� 10�5 via itsRS e�ect.Regarding

CM B m odes,thesphericalsym m etry (LTB)which weuseto approxim atethelocal

superstructurereducesto an axialsym m etry along thelineconnecting ourposition

and thecentreofthesuperstructurewherewelocatetheSSC.W eproduced statisti-

cally isotropicand gaussian M C m apsoftheCM B and com puted theirS{statistics

(3)foralignm entwith genericastrophysicaldirectionsliketheNEP,EQ X and NG P.

Theadditionalzonalharm onicshavebeen added with increasingstrength (seeref.39

for full{sky m aps).W hen gauging the preferred axis to the direction oflocalm o-

tion (W M AP dipole)the consistency ofthe data with theory becom eseven worse,

albeitwith lesssigni�cancew.r.t.W M AP(3yr).O n theotherhand an orthogonally

directed (Solarsystem )e�ectwould be m oreconsistentwith the three{yeardata.
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Considering extended localforegroundsAbram o etal.17 recently proposed that

a cold spot in the direction ofthe localSupercluster could account for the cross

alignm entsofquadrupoleand octopole.Thecold spotwould be realised by the SZ

e�ect ofCM B photons scattering ofthe hot intracluster gas.O n the other hand

Inoue and Silk19 suggest a certain geom etricalpattern oftwo identicalvoids to

account for the cross alignm ent as wellas for the octopole planarity via the RS

e�ect.Each ofthe latterapproachesalone is notfully satisfactory.Neverthelessa

com bined approach enfolding the RS e�ectaswellasthe SZ e�ectfrom extended

foregroundsseem sprom ising forthefuture.M oreover,sincethelocalRS e�ectcan

contribute up to 10�5 to the tem perature anisotropies on large angular scales,a

detailed study is im portant for cross{correlating CM B data (including upcom ing

Planck data)with astrophysicalobservationson the locallarge{scalestructure.
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