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ABSTRACT

Aims. Analyses of recent cosmic microwave background (CMB) olzg@mms have provided increasing hints that there are tewiin the

universe from statistical isotropy on large scales. Given far reaching consequences of such an anisotropy for alerstanding of the
universe, it is important to employ alternative indicatorsrder to determine whether the reported anisotropy imedagical in origin and, if

s0, extract information that may be helpful for identifyiibg) causes.

Methods. Here we propose a new directional indicator, based on sémaraistograms of pairs of pixels, which provides a meafre
departure from statistical isotropy. The main advantageisfindicator is that it generates a sky map of large-scaigo#ropies in the CMB
temperature map, thus allowing a possible additional winohto their causes.

Results. Using this indicator, we find statistically significant egseof large-scale anisotropy at well over the 95% confideecel.l This

anisotropy defines a preferred direction in the CMB data. euds the statistical significance of this direction coragdo Monte Carlo data
obtained under the statistical isotropy hypothesis, asd ebmpare it with other such axes recently reported in thealiure. In addition we
show that our findings are robust with respect to the detéilseomethod used, so long as the statistical noise is keprwwhtrol; and they
remain unchanged compared to the foreground cleaningitidlge used in CMB maps. We also find that the application ofroethod to the
first and three-year WMAP data produces similar results.

Key words. Cosmology — large-angle anisotropies — cosmic microwag&dgraund — large-scale structure of the universe

1. Introduction Costa et al._2003; Weeks 2004; Bielewicz et al. 2005; Wiaux
) et al.[2005; Abramo et al. 2006), evidence of a North-South
Recent years have witnessed a tremendous accumulation, Qfymetry (Hansen et &l. 2004a; Eriksen et al. 2004a; Bernui

high-precision cosmological data. In particular, the cot@b o 5 2008), indications of a preferred axis of symmetryacb
tion of the first-year and, more recently, the three—yeahh|g(b - 30°,1 = 250) in galactic coordinatdbor directions of

precision data from the Wilkinson Microwave Anisotropyy,avimum asymmetry towardb (= 100°,| = 237) (Bunn
Probe (WMAP) (Bennett et al. 2003a. 2003b; Hinshaw & 5¢cqt112000; Copi et al, 2004; Eriksen et @l 2004a; Hansen
al. 2006) has produced a wealth of information about thg 51 0048 2004b: Wibig 2005 Land & Magueijo 2005a
early universe. These data have provided evidence of anegiiosp, Schwarz et al. 2004; Prunet, ef al 2005; Donoghue &
spatially-flat universe with a primordial spectrum of alMogonoghué 2005), as well as indications of non-Gaussian fea-
scale-invariant density perturbations, as predicted hyege (res in the CMB temperature fluctuations (Copi et al. 2004;
inflationary models. ~ Komatsu et al.2003; Pafk 2004; Chiang ef al. 2003; Vielva et
On large scales, however, a number of potentially impagt.[2004; Eriksen et &l. 2005; Larson & Wandelt 2004; Coles et
tant anomalous features in the cosmic microwave backgrouf1d2004; Naselsky et al. 2004; Bernui et al. 2006).
(CMB) have been reported (see Copi et.al. 2005, 2006 for a cjearly the study of such anomalies must take into account
detailed discussion), including their low quadrupole awe o4t they may have non-cosmological origins such as unsub-

topole moments (Spergel et al. 2003, 2006), the quadrupgigcted foreground contamination gadsystematics (Schwarz
octopole axis alignment (Tegmark et al. 2003; de Oliveira-

! Throughout this paper we use galactic coordinates with tequa
Send offprint requests to: M.J. Rebougas defined byb = 90, | € [0°, 360C].
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et al.[2004), unconsidered locdtects like gravitational lens- bin centers at; = (i — %)6&. The PASH is then defined by the
ing (Vale[2005; see, however, Cooray & Skto 2005), or otheormalized function

mechanisms to break statistical isotropy (Gordon et al5200 2 1
Tomita[2005). They may also have an extra-galactic origi(ai) = nn-1) 5a Zﬂ(a), 1)
(Bunn & Scotf 2000; Tegmark et al. 2003; Eriksen et al. 20044a; gl

Hansen et al. 2004a; Land & Magueijo 2005a. 2005b). If thgyheren is the number of pixels in the submag(a) the num-

turn out to have a cosmological origin, however, this coulgkr of pairs of pixels with separatian and where the normal-
- i i Npyi

have far-reaching consequences on our understanding of ig.lﬁion conditionzi:ti'”SQD(ai) sa =1 holds. In this way the

;Jhnl\{ersedgr;d, Itn {:_)atr_tmlljlla_r, otn the Sct:"’,‘\;:gatrd mflau?nacm;e pixels in each submap are ordered in a histogram. Having cal-
i a prft ICS s ZICSE ically |s_c; ropic emperature t& . ated the PASH:s for the submaps, we average them for each
'on patterns and Laussianity. bin to obtain the mean PASH (MPASK®(«;) ) .

In view of this, a great deal offfort has recently gone into To obtain a measure of anisotropy for an observational pix-

verifying the existence of such anomalies by employing S€jized map, we compare the MPASH calculated in this way

eral diferent statistical approaches. Apart from corroboratlrmth the histogram expected from a statistically isotrapip.

thet emstenc;z of aflalrge;jsctale a.\n.lsottrr(])py, using n?ultlgx! To obtain this map, we first use the expected number of pairs
cators may be useful in determining their origins. In adaifi expl@), with angular separatioa € J;, for a distribution of

different indicators can in principle provide information abo pixels in the sky spherg2. This allows the normalized ex-

the multiple types of anisotropy that may be present (Saepd . ) . : :
& Hajian[2004/ 2005: Hajian & Sourade&p 2003, 2005; Hajia{)eCted pair angular-separation histogram (EPASH) to be wri

et al[2004). nas
Here we propose a new indicator, based on the angular paj@'xp(ai) 211 Z nexpl@) = 1 Pexplai) » )
separation histogram (PASH) method (Bernui & Villela 2Q06) N da & oo

as a measure of large-scale anisotropy. An important featur . ) .

of this indicator is that it generates a sky map of largeescaf€réN = n(n —1)/2 is the total number of pairs of pixels,
anisotropies for a given CMB temperature fluctuation mapexp@i) = Yaey, expl@)/N is the expected probability that a
This level of directional detail may also provide a posstfle Pair Of objects can be separated by an angular distancedbat |
ditional window into their causes. in the intervalJ;, and where the cdgcient of the summation

The structure of the paper is as follows. In SEtt. 2 we il @ normalization factor. Defined in this waiexp(ei) gives

troduce our anisotropy indicator. Sectldn 3 contains tiselts the probability distribution for finding pairs of points feis

of the applying our indicator to the WMAP data, and finaII)i/n a submap) on the sky sphere with angular separatipres

Sect[4 contains the summary of our main results and ConcquSO’]E
We denote the dierence between the MPASH,

sions.
(Dgpdai)), calculated from the pixelized observational
map, and the EPASHbexp(ai) , obtained from an statistically
2. Anisotropy Indicator isotropic map, as
In this section we construct an indicator that could measee (o) = (Dopdai)) — Pexplai) - (3)

departure of CMB temperature fluctuation patterns from sta-

tistical isotropy. The construction of this indicator ifves a The latter can be obtained from an analytical expression de-
number of steps. To begin, we recall that in CMB studies ti¥ed by Teixeira[(2003), which gives the expected probgpbil
celestial sphere is discretized into a set of equally sizee pthatan arbitrary pair of pixels, in a spherical cap of aperyy

els, each with a temperature fluctuation value. The first stdBgrees, is separated by an angley € (0, 2y < 180°)]

involves the ordering of the pixels by temperature. The Igixe siny
are then separated into two sets, one with positive and tex otPexp(y; vo) =
with negative temperature fluctuations, and each set isisubd i
vided into a number of submaps, each consisting of an equal VE0SY ~ €08 %0}/ {sinyo (1 + cosyo) Y1+ cosy}]
number of consecutive pix@sThis ordering and subdivision + (1- 2 cosyp) arccos[colg tanfy/2)]) . (4)

of the CMB map is motivated by the fact that any anisotropX

. . S ernatively, one can approximadgxp by the MPASH{ @ ),
in the CMB temperature fluctuations implies the presence #t . p .
uneven distribution of the pixels with similar temperature gbtalned through the average of the PASH’s produced from a

To quantify this distribution, the next step is to generate3 |n this connection it is instructive to note that, for a horangous
the pair angular-separation histograms (PASH’s), whietoér  distribution of points orS?, all angular separations @ y < 180
tained by counting the number of pairs of pixels in a giveare allowed, and the corresponding probability distrimutian be cal-
submap with angular separatien lying within small sub- culated to givePfu”-Sky(y) = 1 siny. This represents the limit of

W (arcsin[{(cosyg + cosy)

. . exp
intervals (bins),J;, of (0,1807], of lengthda = 180°/Npins, 4 statistically isotropic distribution of points 12 as the number of
whereJ; = (ai - %" aj + % , i =12,...,Npins » With the points go to infinity. One can thus quantify departure fromtisti-

cal isotropy by calculating the departure of the mean oleskeprob-
2 We shall see below that, subject to certain reasonablereamst ability distribution { ®gss(@;) ) from this quantity, i.e. by evaluating
the details of this subdivision will not change our resuiggmgicantly.  ( Qops(i) ) — Pexp(ei) -
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Fig.1. Plots of the dfference histograrif'(c) illustrating the
magnitudes of the deviation from isotropy as a function pése
ration angle calculated for two specific spherical capstezed
at (b=65,1 =56)and p = 115,| = 236°), with ayy = 30°

of aperture. Plotted also, as a continuous line, is the mgan
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at (¢, ¢;), a real positive number; given by the variance of
the (which has zero mean)

1 NbinsTZ

() ,
Nbins ; i)
whereTY; = YT(6;, ¢;) is the for the cap centered &fj( ¢;).

To obtain a local directional indicator, we cover the cetdst
sphere with a number of evenly distributed spherical caps an
then calculater; for each cap. Ther; obtained in this way
for each cap can then be viewed as a measure of anisotropy
in the direction of the center of that cap. Patching togetier
o values for each cap, we obtain the indicator= o (6, ¢)
defined over the whole celestial sphere, which measures the
deviation from isotropy as a function of directiof) §). In this
way, o (6, ¢) gives a scalar directional measure of anisotropy
over the celestial sphere.

Now, sinceo (6, ¢) is a discrete scalar function defined on

(%)

2
T

corresponding to the set of spherical caps into which the®phs?2, e can further quantify the details of its anisotropy conte

was subdivided, along with the corresponding two-standard

by expanding it in spherical harmonics in the form

viation region as a shaded area. As can be seen, the measured

anisotropy is significant in one cap[& 1151 = 236°)] but
not in the other.

set of Monte Carlo—generated statistically isotropic m@es
Bernui & Villela2006 for details).

Clearly, the dfference histograrf’ gives the departure of
the mean angular-separation probability distributiortaoted
from observational data®,p,¢), with respect to the probabil-
ity distribution of the statistically isotropic case. Inighway,

o0 l
(0,6) = > > bem Yn(6, 9)

(6)
£=0 m=—¢
and calculate the correspondimgpower spectrum
1 2
D=5 Em] Ibrnl? . (7)

It then follows that, if a large-scale asymmetry is preseithe
original temperature distribution, it should significgntfect

the o—map on the corresponding angular scales (i.e. its lower
multipoles).

it contains information about the amplitude and angulafesca  To recapitulate the multiple steps involved in defining our
of the large-angle correlations for the sky sphere, but Ro ghdicatoro-, we itemize the procedure below:

rectional information about possible anisotropies. Hoavey

can also be calculated for sections of the sphere, in whitlh Generate a set of evenly distributed overlapping siplaéri

case it can be used to study thdfeiences in the extent of

anisotropy in diferent regions of the sky. As an illustration o)

this point, we have plotted in Fig] 1 féerence histogram¥

caps;
For each cap, divide the set of pixels into a humber of
submapdNyis, each containing an equal number of pixels

corresponding to two flierent (antipodal) spherical caps cen-
tered at b = 65°,1 = 56°) and b = 115, | = 236°), each with (i)
an aperture ofg = 30°. These histograms illustrate the magr(iy
tude of the deviation from isotropy as a function of separati (v
angle. As can be seen, the large-scale angular correlaiiens
significant in one cap but not in the other, in comparison WA ft
the 2-standard deviations error bars. (vii)

The study of the individual caps can thus provide hint QS
possible large-scale anisotropies. But for a more sysie

within a temperature range;
Calculate the PASH®,,,5 for each submap;

) Average over all thed,,sfor each cap to obtai g,
) Obtain the diference histogrant for each cap by subtract-

ing ®exp— (Pppg;

M) Calculate ther value, using Eq. (5), for each cap;

Define theoc—map as the discrete functier(s, ¢) on S?
whered andg are the coordinates of the center of each cap;

} Calculate the multipole®, for theoc—map.

study, one needs to understand how the anisotropy varies di- From the above construction o{6, ¢) and its power spec-
rectionally over the whole sphere. One therefore requires gum, it is clear that there is no direct relation betweentémne-
indicator that encodes a measure of anisotropy as a scalar fiperature multipoles and the(d, ¢) multipoles. Although they
tion defined over the celestial sphere, rather than a hstograre implicitly related, the relation is likely to be very cpli

for each cap.

cated. In this work we take a more pragmatic approach by-treat

To define this indicator, le©; = Q(9;,¢;v0) € S? be ingour new anisotropy indicator as complementary to thausu
a spherical cap, with an aperture of degrees, centered attemperature-based indicators, without attempting tdoéistaa
(95, 9;), for j = 1,...,Ncaps where the union of th&caps direct connection between them.

caps covers the whole celestial sph&% Define the scalar

In the next section we shall apply the indicate(, ¢) to

functiono : Q; — R*, that assigns to th¢t"—cap, centered both the first and three-year WMAP data.
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Fig.2. The full sky map ofc(6, ¢) calculated from 12288 Fig.3. The power spectrum of the—map for the ILC map,
evenly distributed 30caps covering the ILC map. for¢ = 1,---,10 (solid dots). Note the high values of the first

three multipoles. For comparison, the mean expected power
. spectrum of ther—map obtained by averaging over a set of
3. Application to WMAP data 1000 Monte Carlo-generated, statistically isotropic CM&ps

The WMAP measurements have produced high angular ré%0lid curve). Shown also are the corresponding cosmic vari
olution maps of the temperature field of the CMB. Here w@Cce bounds far—maps (shaded area).
considered both the first-year and the three-year WMAP data.

For the first-year data we employed the full-sky foregroun%éstem corner of the—map with a well-defined maximum at

cleaned Lagrange-ILC (LILC) map (Eriksen etlal. 2004b), t@ S . .
g = 108,1 = 222). This is within a 166° separation from
TOHmap (Tegmark etdl. 2003), as well as the coadded WM the directions recently indicated by Eriksen et [al. (20Gta)

map (Hinshaw et al. 2003). In all cases we chose HEALPB%md & Magueijo [2005a)

parameteNsjge = 128 (Gorski et all_2005), corresponding To obtain more quantitative information about the observed

to a partition of the celestial sphere into 196608 pixels: Fonisotro we calculated the power spectrum obthenan for
the three-year WMAP data we used the coadded map and the Py, P P P

foreground-cleaned maps ILC (Hinshaw et[al. 2006), OT (éee ILC map, which is represented by solid dots in Eig. 3. To

Oliveira-Costa & Tegmark 2006), and PPG (Park et al. :ZOOGEzng?/;e égfﬂ S;argzt'tcﬁé &gc\llg;:zn(;tzj;h?eﬂl UIt;pc’lia\@ll;_
In all, we performed the——map analysis for seven CMB,_. "’ b b P P,

) : : lated for the ILC map, with the averaged power spectrum of
temperature maps: three using th_e first-year data and fdt." Yfhe o—map obtained by averaging over a set of 1,000 Monte
the full three-year data, all with fierent foreground CleanmgCarlo-generated statistically isotropic CMB maps. Coesitty
algorithms. However, since the results are largely similar .

. . e WMAP best-fitting angular power spectrum of th€ DM
only present a de_ta|led analysis of the three-year WMAP IL odel (Spergel et al. 2006), each Monte Carlo CMB map is
map in the following. We also present themaps for four of

. . -_.a stochastic realization of this spectrum obtained thraagh
the remaining maps for comparison (the other two are S|m|I3r . . o
. . i omized multipole components,, generated within the cos-
to the depicted maps and were dropped to avoid repetition).

: mic variance limits.
In our calculations of the—map for these CMB maps, we

L . ” . The ¢ values used in this comparison lie in the range 1
subdivided _the sphere into a seF Néaps = 12288 spherlca! ¢ < 10, which are dflicient to allow the investigation of the
caps of radius 30co-centered with the same number of pix:

els generated by HEALPix withigi g = 32. We subdivided large-scale angular correlations corresponding to angelza-

each cap intd\,;s = 64 submaps, each consisting of the San%rgtlonsz 18" in theo—map. Moreover, we observe trag ~ 0

Rmberofpl:and he UL f b chosen o PIocuce [ sy e S e o 7902
PASHSs was taken to ki, = 180.

Figure[2 shows the Mollweide projection of the-map in power spectrum, which is depicted in Hidg. 3 (continuous)line

galactic coordinates obtained from the ILC WMAP map. Aglong with the correspondmg cosmic varidh¢ehaded areg).
We note that the very high dipole value (corresponding to

can be seen, the-map shows a higl=region suggestive of ¢ = 1) found here is consistent with the-map (see Fid.]2)

a dipole-like distribution. This result indicates that hstri- : . :
. . showing a clear separation of the higher and lower values for
bution of hot and cold temperature pixels are not evenly dis-.

tributed in the celestial sphere. We note that this t$edént G into roughly two hemispherical regions. Using test we

from a temperature dipole, where one half of the sky would, gave found this high value of the dipole to be statisticaiy s

. . . Aticant at 97% confidence level, compared to the expected
average, be hotter than the other. An anisotregipole is not 0 ’ b P

directly related to the temperature dipole, which was reenbvlsog(;)rzlco?:gsé zz?;tggwhlzﬁrgn?slsﬁl;?(\jv:rlg?oﬁilg?f) g:; tsr;e_
in all the CMB maps we have used, but is instead a result%HJ P P 9

large-angle anisotropies that are not readily apparemt 0 4 we have checked numerically that thgs of thec—maps derived
simple inspection of the temperature map alone. Partigulafrom the Monte Carlo CMB maps do follow Gaussian distribngio
prominent is a very highs= region concentrated on the southwhich justifies the use of cosmic variance bounds angfrest.
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nificant at 99% and over 9%% (corresponding to a likelihood equator, one may suspect that the pronounced featuresasuch
of one partin 16in a statistically isotropic map), respectivelythe higho region in the south eastern corner of themap (see
We also find that the likelihood of the first three multipolds d=ig. (2)), may be an artifact of the foreground contamimatio
an isotropically-generated map to have such high valueslsimprocesses.

taneously is very small being less than one part i OF the To show that this not the case, we first note that the lat-
subsequent multipoles, only, andDg fall outside the cosmic ter feature lies outside the exclusion region defined by th@ K
variance bounds. mask, which is the severest cut-sky WMAP mask. To proceed,

To check the robustness of our results we also calculated e also calculated the—maps for the other 6 CMB temper-
power spectruna—map obtained from the WMAP PPG mapature maps. We studied the three-year (Hinshaw et al.|2006)
We found that the first three multipoles remain high relatove and one-year coadded (Hinshaw et al. 2003) maps, which are
what would be expected from an isotropic case, at above 9T combination of eight (from Q1 trough W4) foreground-
statistical significance. reduced sky-maps in the Q-, V-, and W-bands, and mini-

Given the anisotropic nature of the calculatedmap, it mized but did not seek to eliminate the galactic contamina-
is worth analyzing the shape of the anomalous multipolestion. We also studied the foreground-cleaned TOH and OT
more detail. To this end, we depict in Flg. 4 the dipole, th@aps given by Tegmark et al. (2003) and de Oliveira-Costa &
quadrupole, and the octopole, as well as the duimap with Tegmark|(2006), as well as the LILC (Eriksen et al. 2004b) and
these three components and the monopole removed. The aRRIG (Park et al. 2006) CMB maps. The correspondingnaps
ysis of the dipole alone gives a direction towards-(130°,| = are shown in Fid.l5 (the PPG and one-year coadded maps were
259), which on its own does not agree very well with the axidropped to avoid repetition). Together, these figures shey t
of maximum asymmetry found by Eriksen et al. (2004a) artkspite diferences in detail, the prominent high+egion in
also by Land & Magueijo[(2005a). However, the sum of théne south eastern corner remains robust.
first three multipoles has two maxima, one close to the galact These results indicate that the main anisotropic feature we
center, atly = 97°,1 = 342) and probably due to unremovechave found is independent of the foreground cleaning pssses
foregrounds, and the other in the directibn{112°,1 = 217), employed. In addition we recently (Mota etlal. 2007) perfedm
which is in much better agreement with the axis of maximumsimilar analysis of the WMAP one-year LILC data with both
asymmetry indicated by Eriksen et &l. (2004a) and Land RpO and Kp2 masks applied and found very similar results. We
Magueijo (2005a). also showed that this feature remains essentially the same i

The quadrupole component has a very peculiar shapethié Q, V and W bands (when analyzed after applying the Kp2
has two maxima and two minima lying symmetrically alonghnask) which would not be expected if it were an artifact of
a great circle. To determine this feature more precisely, wecleaned galactic foreground.
used the method proposed by de Oliveira-Costa ef al. {2003), We should also note that apart from the highegion in the
where for each given multipole (in their case, of the tempersouth eastern corner, which lies outside the Kp0 mask, feere
ture map) the direction for which ‘angular momentum dispeanother weaker structure around the galactic center. Agfho
sion’ is maximized is said to be a preferred direction. Ajipdy  this structure remains in some form in all the maps we have
this to thec—map, we find that the angular momentum dispeanalyzed its intensity and other details vary considerély
sion for the quadrupole component is maximized in the diredifferent choices of the cleaning algorithms, as can be seen
tion (b = 80, | = 316°). from Figs[2 anf5. Considering that it lies in the most contam

The calculation of our anisotropy indicator requires nabated region of the galactic plane, well inside the KpO mask
only the choice of a CMB map as input, but also the specift-is not clear whether this feature is not the result of thiaga
cation of a number of ingredients and parameters whoseehdic foreground contamination. Furthermore its contribns to
could in principle &ect the outcome of our results. To test théhe excess dipole, quadrupole, and octopole is relativaiypm
robustness of our scheme, hence of our results, we studteddbmpared to the high=region in the south-eastern corner.
effects of changing various parameters employed in the calcu-
lation of our indicator. We found that so long as the statidti
noise (see Bernui and Villela 2006) satisfies
m We have proposed a new method of measuring directional de-
————=<0.05, (8) viations from statistical isotropy in the CMB sky, in order t
N yNhis study the possible presence and nature of large-scale@mgo
whereNg is the number of submaps ands the mean num- in the WMAP data.
ber of pixels in each submap, then thremap and its power Our anisotropy indicator has enabled us to construeta
spectrum do not change appreciably as we change the nunthap in order to search for evidence of large-angle anisisop
of submap\s from 2 to 64, the size of the spherical caps ben the WMAP CMB temperature field. In particular we have
tween 18 and 30, the number of spherical cagscaps(with  found, with high statistical significance, a small regiorthie
values 768, 3072, and 12288, corresponding to HEALPix peelestial sphere with very high valuesmfindicative of an axis
rameteMgiqe = 8, 16, and 32, respectively) and thig,sval- of asymmetry that defines a direction close to the one regorte
ues in the range 180 to 400. recently (Eriksen et al. 2004a; Land & Magueijo 2005a).

Given that galactic foregrounds are likely to leave their To obtain a more quantitative measure of this anisotropy,
most pronouncedfiects in the neighborhood of the galactieve studied the spherical harmonic expansion of dheénap

4. Conclusions
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0.05 = smm 0.05 -0.05 == 0.0

Fig.4. Depicted clockwise are the IL&—map’s dipole, quadrupole, octopole, and the remainiamap from which all these
components plus the monopole were removed.

0.028 - 022 0.028 ssm 0.22

Fig.5. Depicted clockwise are the—maps: LILC, three-year coadded map (showing ffiects of the unfiltered galactic con-
tamination), OT and TOH WMAP maps. The one-year coaddedlam®PG maps are not shown as they are very similar to the
three-year coadded and the ILC maps, respectively. Notkigieo region in the south eastern corner of themaps, which
remains robust for all maps.

generated from the ILC map and found that the correspombnents of ther—map has a strongly preferred direction close
ing dipole component is significantly higher than would be exo the small region of the maximum value ®f

pected, as compared with an average of a set-ahaps ob-

tained from 1000 Monte Carlo CMB maps generated under the Using ay? test we found that this high value of the dipole
statistical isotropy hypothesis. Moreover, we have foumat t is statistically significant at a 97% confidence level (Clome

the combination of the dipole, quadrupole, and octopole-cofared to the expected isotropic case. We also found higlesalu
of the quadrupole and octopole moments, which were found
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to be significant at 99% CL and over .99 CL (correspond- Whatever the origin of these large-angle anomalies may be,
ing to a likelihood of one part in T0for statistically isotropic the robustness of our anisotropy indicator seems to li@ su
generated maps) respectively. The likelihood of the firgtgh ciently sensitive to reliably map them, which in turn coudd f
multipoles of an isotropically generated map to have sugh hicilitate the task of explaining their origin.

values simultaneously is very small at less than one pa@in 1
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