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1 INTRODUCTION

It has recently been proposed that some of the current anosal
results seen in observations of the CMB sky by WMAP, namely
non-Gaussian structure centered on the so called ‘cold spot
the southern hemisphere (Vielva et al. 2005; Cruz et al. 005
low gquadrupole (Efstathiou 2004) and multipole alignmefus
Oliveira-Costa et al. 2003), could be removed by allowingdoge
scale vorticity and shear. Components such as these aBsariohi
type VII, models (Barrow et al. 1985) due to large scale rotation
of the universe distorting the CMB since the time of lastisratg.
This assumption has the unfortunate side-effect of viofatini-
versal isotropy and hence the cosmological principle, gosaich
result should be examined very carefully.

Such a finding was indeed made by Jaffe et al. (2005a) [here-
after referred to as Jaffe] where a significant correlatias found
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However the resultant best-fit Bianchi component was dérilie
ectly from Barrow et al. (1985) for a universe with a large atage
curvature with total energy densify;.: = 0.5 and including no
dark energy component. Such a cosmology cannot be recdncile
with cosmologies inferred from either current CMB or othstra-
nomical observations. In Jaffe et al. (2005b) the authoteneled
their study to include a cosmological constant and searéred
morphologically identical template to their first analysighe in-
creased parameter space. We perform a new study to explire fu
the parameter space of both Bianchi and cosmological paeasne
in order to select the best fitting template. We carry out ihis
vestigation using Markov chain Monte Carlo (MCMC) sampling
in a fully Bayesian manner. Hence we also find the comparative
Bayesian evidence allowing an assessment of whether thusioc

of such a template is supported by the data.

between a class of Bianchill;, models and WMAP observations.
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2 MCMCANALYSISAND MODEL SELECTION
FRAMEWORK

Several recent studies have been performed using a Bayegsian
proach to cosmological parameter estimation and modettsahe
(Jaffe 1996, Drell et al. 2000, John & Narlikar 2002, Sloseale
2003, Saini et al. 2004, Marshall et al. 2003, Niarchou €204,
Basset et al. 2004, Mukherjee et al. 2005, Trotta 2005, ekt
al. (2005), Bridges et al. 2005, Parkinson et al. 2006). Merare
interested in determining the best fitting Biandhil;, sky from
WMAP data using a selection of all sky maps available; the 1-
year WMAP Internal Linear Combination (WILC) map (Bennédtt e
al. 2003), the Lagrange Internal Linear Combination (LILG3p
(Eriksen et al. 2004), the Tegmark, de Oliveira-Costa & Hami
(TOH) map (Tegmark et al. 2003), the Maximum Entropy Method
(MEM) map (Stolyarov et al. 2005) and the new 3-year WILC map
(Hinshaw et al. 2006). We have incorporated Bianchi sky &amu
tions into an adapted version of th@smoMC package (Lewis &
Bridle 2002) which we show via simulated sky maps is capable o
extracting both the underlying cosmology and the Bianomai,
while also determining when the addition of such a compoigent
favoured by the data.

The Bayesian framework allows the examination of a set of
dataD under the assumption of a mod&l defined by a set of
parameter® with Bayes’ Theorem:

P(D|©, M)P(0|M) @
P(D|M) ’

where P(®|D, M) is the posterior distribution?(D|®, M) the
likelihood, P(®|M) the prior andP(D|M) the Bayesian evid-

P(®D,M) =

ence. We explore the parameter space by MCMC sampling to

maximise the likelihood utilising a reasonable convergetrriteria
from the Gelman & RubinR statistic (Gelman & Rubin 1992) so
that once the Markov chain has reached its stationary loigton,
samples from it reliably reflect the actual posterior dgition of
the model. The final result will be parameter estimates matigied
from the multi-dimensional posterior and a value of the ewitk
for the model being studied.

21 Likelihood

A CMB experiment records the temperature anisotropy onltie s
T(p). We wish to find a cosmological model that can optimally
describe these fluctuations by maximising the probabilftyln
serving the datd'(p) given a model described by a set of paramet-
ers®c. Then for a Gaussian model, from Bayes’ Theorem we can
express this probabilty, tHielihood as:

P(T(p)|®c) x —3(TeTim

1
e 2

Vel @
where C is the covariance matrix containing the predictions of
the model®¢ and |C| its determinant. Expanding the temperat-
ure sky in spherical harmonmi@®(p) = >, aim Y1m, in @ uni-
verse that is globally isotropic meagds,, i/, = (@imajr,,) =
C1611 0mmy Where the variance of the harmonic coefficiefts is

Cr = 571 X2, lam[?. Thus Eqgn. 2 becomes

(~laiml?/2¢)

P({aim}|©c) o<H N 3)

1 Where we have used the notation ti@it and aj,,, refer to observed
quantities whileC; anday,,, refer to their theoretical counterparts.

If one assumes universal isotropy the likelihood is theepahdent
of m which can be summed over to give (for a full sky survey) the
form used in most conventional CMB analyses:

In P(C)|®c) = (20 + 1) <% +ln|C’l|> , (4)

where(, is the observed quantity. However Biandhil;, models
are anisotropic so one cannot simply compare obsef¥édwith
theoreticalC;’s, instead the full set ai;,,'s must be used.

In this analysis we make the assumption that there is both a
background cosmological contribution and Bian®Hi;, contribu-
tion to the CMB. We take the cosmological component to be that
of a standard\CDM universe, producing a set af,,,’s, while the
Bianchi model component (defined by paramet@is) is given by
aB.. The Bianchi component can then febtractedirom the ob-
serveda;,,'s so that Eqn 3 becomes:
_<(ﬁlo—azBQ>2>

Cy

P({aim}|Os,
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[41m =]
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For numerical convenience we take the natural logarithmiatly
the final likelihood function used in this analysis, hereafeferred
to asL:

In £ocz

(awo — azp)*
20,

(14 1/2) In(Cy)

Z (|al'm - a?’mﬁ) )

(6)

which would reduce to Eqgn. 4 if the Bianchi signal were zero.

2.2 Evidence

The Bayesian evidence is the average likelihood over thieeent
prior parameter space of the model:

//L(@Q Op)P(0c)P(Op)d"Y Ocd" O, 7
whereN andM are the number of cosmological and Bianchi para-
meters respectively. Those models having large areasafaira-
meter space with high likelihoods will produce high evidewal-
ues andvice versaThis effectively penalises models with excess-
ively large parameter spaces, thus naturally incorpayafiokam’s
razor.

The results generated in this paper have employed the new
method of nested sampling (Skilling 2004) as implemented in
forthcoming publication (Shaw et al. in preperation). Timisthod
is capable of much higher accuracy than previous methodsasic
thermodynamic integration (see e.g. Beltran et al. 200%d@s
et al. 2005). due to a computationally more effecient magpin
of the integral in Eqn. 7 to a single dimension by a suitable re
parameterisation in terms of the prigrassX. This mass can be
divided into elementgd X = 7(®)d~ ® which can be combined
in any order to give say

X(\) = / (@)d" e, (8)
(@)>A

the prior mass covering all likelihoods above the iso-itkebd
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curve £ = \. We also require the functiof(X) to be a singular
decreasing function (which is trivially satisfied for mosfsgeriors)
so that using sampled points we can estimate the evidendberia
integral:
1
Z = / L(X)dX. 9)
0

Via this method we can obtain evidences with an accuracymésti

higher than previous methods for the same number of liketiho
evaluations.

3 BIANCHI VIIg SIMULATIONS

Jaffe implemented solutions of the geodesic equations|ajeve
by Barrow et al. (1985) to compute Bianchi induced tempeeatu
maps in typeVII,, cases. Jaffe et al. (2005b) extended these to in-
clude cosmologies with dark energy allowing an almost flat-ge
metry, in keeping with the so called concordance cosmolGme
of us (ANL, in preparation) independently performed the sax-
tension and found results agreeing well with Jaffe et alO%2x).

The models are parameterised by six independent quantities
the total energy densitQ:.: = Q.. + Qa, the current vorticityw, h
which determines the ‘tightness’ of the spiral and the Ealegles
« and determining the position of the centre of the spiral on the
sky with y allowing rotation of the pattern about this pomtIin
addition one must specify the direction of rotation or ‘heddess’
of the spiral. The ratio of the current shear to the Hubblapeter
(o/H)o (differential expansion) is determined by the combination

of these parameters:
6hQ0t ( w )
H/o’

( )0 T V201 + Y211 9R)1/2(1 — uor)

Jaffe found a best fit bianchi templale by a x? analysis of the
observed CMB skyD for a selection of WMAP data variants by
minimising:

g
H

X’=MD-T)"M '(D-T) (10)

under the assumption of an embedded cosmolbfjygiven by
the best fit 1-year WMAP angular power spectrum (Spergel.et al
2003). There is no contribution from noise in this expressis
the dominant uncertainty on large scales is from cosmicawag.
Their result is shown in Fig. # computed in our formalism with
parameter$),,; = 0.5, w = 10.38 x 107°, h = 0.15125 and
position @2°, 28°, 310°) in Euler angles. The primary feature is
a central core positioned on the so called ‘cold spot’, agslito
be the source of a large area of non-gaussianity. The cedecap
(see Fig. 2), produced after removal of this Bianchi ‘coritan
tion’, provides even by cursory visual inspection a moreistia-
ally homogeneous sky.

In Section 4 we will perform our analysis on simulated data in
order to test our parameter recovery and model selectianitig
with a Bianchi component of varying amplitude superimposead
background concordance cosmology. In Section 5 we perfoisn t
analysis on real data to effectively extend Jaffe’s studfitteim-
ultaneously for a selection of right and left handed Biambiels

2 We adopt the activeyz Euler convention corresponding to the rotation
of a physical body in fixedcoordinate system about they andz axes by
v, B anda respectively.

3 See hitp://www.mrao.cam.ac.uk/ jdm57 for an animatiorhisf template
on the sphere.
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Figure 1. Best fit bianchi template as found by Jaffe et al. (2006) cdegbu
from parameters)i,; = 0.5, w = 10.38 x 10~19, h = 0.15125 and
position @2°, 28°, 310°) in Euler angles.

Figure 2. Raw LILC map (left) with the Bianchi corrected map (right)

and a background cosmological component. This method has tw
main advantages over Jaffe’s original template analystsrifirm-
ation of the robustness of the detection within a varyingrualsgy
—thus accounting for possible degenerate parameters)aastiin-
ation of the ratio of Bayesian evidences with and without anBi
chi component —providing an effective model selection téa or
disfavour the inclusion of a such an addition to the standzodel.

4 SIMULATED DATA

A set of simulated CMB sky maps were produced with the
HEALPix * software routines. These contained a cosmic variance
limited concordance cosmological component and a BiaW&Hhi
component with fixed handedness, shear, matter and dargyener
density and geometry but varying the vorticityto study the sens-
itivity of the method to the total amplitude of the Bianchgsal
(of which w is a good tracer). Evidence estimates were produced
for two parameterisations: Bianchi + cosmology (model Ajda
cosmology only (model B).

In order to provide the best possible assessment of our mhetho
the Bianchi simulations were created with Jaffe’s best fiapeeter
set of:h = 0.15, Q,, = 0.5, Q4 = 0, a = 42°, 3 = 28° andy =
310° (see Fig. 3 (a)) combined with a best fit WMAP cosmology
(see Fig. 3 (b)) with eight equally spaced vorticities imsesmted
betweers and19 x 107 (see Fig. 3 (c)-(j)). Ultimately we aim
to ascertain via these simulations the lowest amplitudeiaf&hi
signal we can succesfully extract via our method —whetee 10 x
107'° represents the level of sensitivity required to detect feJaf
type component in real data.

Marginalised parameter constraints (see Fig. 5) illustved
are able to successfully extract the input Bianchi pararedta

4 http://healpix.jpl.nasa.gov
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Figure 4. Comparison of the relative amplitudes of the angular powecs
tra (C;) of four simulated Bianchi skies of varying vorticity andettiaffe

template.
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Figure 3. Simulated data created with a WMAP concordance cosmology
(a) and a Bianchi component (enhanced by a factor of 10 foity)lgb) of
the type found by Jaffe with an increasing vorticity)(

29 38500 4

Figure5. Extracted cosmological and Bianchi parameters from a sited|
map withw = 11 x 10~ (described in text).

. _ _10 .
amplitudes at and above roughly—= 11_ x 107", which sugges_t_s 5 APPLICATION TO REAL DATA
our method should be able to determine parameters of angBiian

component similar to the Jaffe template, should one existfoi The analysis was performed on both one and three year ILC,maps
the question of whether such an inclusion is actually waecby probing structure up to multipoles of 64, which does not fiamy

the data, we consider the evidence. A useful guide has bgen gi  study of Bianchi structure, which contains few featuresonely

by Jeffreys (1961) to rank relative evidence differencesrider of I = 20 (see Fig. 4) but does preclude a full examination of the
significance:AInE < 1 inconclusive,1 < AInE < 2.5 signi- background cosmology. This was an unfortunate necessitging
ficant,2.5 < AInE < 5 strong andAInE > 5 decisive. While the ILC maps owing to their complex noise properties.

there is marginal evidence in these simulations for a corapbat As we are adopting a Bayesian approach in this analysis our

w = 11 x 10719 (see Table 1) a significant model selection can results will be dependent on the prior parameter rangesch@ur
only be made ab = 13 x 1079, also roughly at the point where ~ most conservative, and thus widest uniform prior rangesistesl
the Bianchi template becomes visibly apparent in the skysnirap in Table 2. From a Bayesian point of view these are broad énoug
Fig. 3. to represent the situation in which there is little prior Wwhedge

(© 2005 RAS, MNRASD00, 1-8



Table 1. Differences ofin evidence with (model A) and without (model B)
a Bianchi component with vorticity incremented betwéen 19 x 10~10,

w [x10719] A B
5 0.0+£0.2 -1.6+0.3
7 0.040.2 -1.3£0.3
9 0.0+£0.2 -1.1+0.3
11 0.040.2  -0.9+£0.3
13 0.040.2 +1.4+0.3
15 0.0£0.2 +3.64+0.3
17 0.0+0.2 +6.2+0.3
19 0.0£0.2 +8.44+0.3

Table 2. Summary of BianchVII;, component parameters and priors.

Full Bianchi

QB , =10.01,0.99]
QF =10.01,0.99]
h = [0.01,1]

w = [0,20] x 1010
a = [0, 27]rads

B =10, w|rads
~v = [0, 2r|rads
Chirality = L/R

of the Bianchi models. In particular thie parameter, which de-
creases the spiral ‘tightness’ almost exponentially betw8.01
and 0.2 but little thereafter was given a prior range fronilGd

1 —encompassing the majority of possible features. Thecityrtv
increases the Bianchi amplitude roughly linearly so a préorge
centred on the amplitude of the Jaffe template was adopteddsr
ing a realistic upper limit 020 x 10~ '° at which point the Bianchi
signal would dominate the CMB sky and a lower limitof= 0
corresponding to no Bianchi signal. BiandhiI,, models are only
defined in open cosmologies whee,; < 15 so the prior chosen
on the combination of matter and dark energy energy density w
restricted to lie within0.01 and0.99 —thus introducing an impli-
cit prior on Q¥ of £0.8 (asQf + QB = QP,). The Euler angles
position the centre of the spiral, vinand 3 varied over360° and
180° respectively while the orientation of the pattern is givgn b
~ rotating over360°. In the subsequent sections we will analyse a
range of Bianchi models (Table 3) defined by subsets of theeabo
prior ranges while simultaneously fitting a scalar perttidmseamp-
litude A5 of an assumed background concordance cosmology. In
Section 5.2 we will compare, via the evidence, models B — @& wit
the concordance cosmology model A as to their ability to diesc
adequately the observed CMB sky.

5.1 Parameter Constraints

The findings of Jaffe et al. (2005a), Jaffe et al. (2005b) affe &t
al. (2006) all point to a left-handed Bianctiil, component with a
total energy densitp2, = 0.5, this value being required to focus
the centre of the spiral, thus alleviating, at least pdytidhe ob-
servable non-Gaussianity (Jaffe et al. 2005a; McEwen &08I5;

5 Similarly BianchiVII, andIX are only defined in flat and closed cos-
mologies respectively.

© 2005 RAS, MNRASD00, 1-8
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Table 3. Cosmological and Bianchi parameterisations for each op#ra-
meter subsets studied.

Model ~ Cosmology Bianchi

QB Qg)t, h, w, o, 3,7, LIR
QB 0B, h w, a-0.4,1],4-0.1, 0.7],y, LIR
Q8. QB h w1, LIR
QB . h,w, o B,7, LIR
Q8 h,w, a-[0.4,1],6-[0.1,0.7],y, LIR
QE h,w,v, LR

s
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Figure 6. Comparison of th&B, — Q% Bianchi degeneracy (shaded with
1 and 2 contours) with the familiar CMB geometric degeneracy from
WMAP first (blue) and third year + polarisation (green) dasétt{ 1 and
20 contours).

McEwen et al. 2006) if centered in the southern hemispheoe:-H
ever both 1-year and 3-year WMAP data would suggest a value of
Q:0+ much closer to unity, perhaps larger, motivating the sefmnch
a Bianchi model within a more viable cosmology. The extemsib
the Bianchi parameter space to include a dark energy def§ity
should thus be explored thoroughly to alleviate this temsiaffe
et al. (2005b) found that a degeneracy is introduced @ftin the
QB —QF plane, similar to the ‘geometric’ degeneracy which exists
in the CMB. Along this region, Bianchi skies appear ideritioaly
being distinguished by their relative amplitudes. The mmaxi In-
likelihood of a Bianchi component &%, = 0.5, Qf = 0'is -
2716.31. At locations that are broadly consistent with codance,
such afB = 0.3, Q8 = 0.69 or Q5 = 0.2, OF = 0.79 this falls
to -2717.81 and -2719.11 respectively. A more thorougharapl
tion of the space by MCMC sampling (Fig. 6.) confirms that dtesp
the increased degree of freedom thatintroduces, at théo level
no overlap with either 1 or 3-year WMAP likelihood contouss i
found. Based on these results we can effectively rule oundsia
VII, models as the physical origin of this effect. Of course the co
rections that a Bianchi component makes to the WMAP dataare n
less interesting, whether we can model them or not. Thisps-es
cially true given that the areas of non-Gaussianity have beestly
preserved into the 3-year WMAP release (McEwen et al. 2006).
Before continuing it is worth discussing in some detail the e
fect of each parameter on the structure and scale of the Biianc
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templates. The morphology is most sensitive$) andh, which
determine the ‘focus’ and ‘tightness’ (also to some degneamp-
litude) of the spiral, respectively. The introduction ofkl@nergy

in the form of a cosmological constant energy density cseate
correlation between the matter density as the repulsiver@aif
the former de-focuses the spiral. This degeneracy is ale@stt,
being broken only by the overall amplitude. Unfortunatehany
other parameters can influence the amplitude of the CMB aniso
tropies on this scale such as the amplitude of primordidas¢and
tensor) density perturbations, the optical depth to reition, the
spectral ‘tilt’ of the primordial perturbations and of cearthe Bi-
anchi vorticityw. This profusion of possible (and mostly degen-
erate) explanations for the CMB amplitude on large scalelsema
constraints difficult to obtain. Given these difficulties Vel it

is justified to fix the cosmological parameters at their WMAP 3
year best fit values (Spergel et al. 2003) varying only thdasca
amplitudeAs. Moreover, careful choice needs to be made over the
priors placed on the Euler angles particularly as largeoregf
the ILC maps contain residual Galactic noise and other éomss
In this light we believe a reasonable restriction on the pmsi(o
and g3) of the centre of the pattern is well motivated, while leav-
ing the orientation angley] free to rotate the spiral. Parameter
constraints with and withou®? (models C and F) are shown in
Figs 7 and 8 for a left-handed Bianchi component. The angular
ranges usedy = [0.4,1.0] andg = [0.1, 0.7] do implicitly place

a prior on the centre of the feature being at least partiatypeiated
with the ‘cold spot’ in the southern hemisphere located aghty

a = 0.7, 8 = 0.4. Right-handed models examined were entirely
unconstrained by the data (see Fig. 9) with a typical bekt fike-
lihood at least 2 units below left-handed models, substting the
claim in Jaffe et al. (2006) that the only viable Bianchi fitlést-
handed. The degenerate effectf is clearly evident in the laxer
constraints, and since we are now only assessing the feasuse
non-physical effect there is no benefit in retaining the peier —it
provides no additional effect on the template structure @hove
constraints provide robust confirmation of a template vémyilar

to that found by (Jaffe et al. 2005a).

5.2 Model Selection

The conclusion that the BiancRill;, models may only be treated
as templates does not preclude a consideration of the rikgceks
such a template to explain the data. Indeed, removal of akas
non-Gaussianity and correction of large-scale power wexpdain
serious anomalies in the current data, but at the cost ofvahod
universal isotropy. The Bayesian evidence provides an daato
assess quantitatively whether such action is necessanyithshe
previous section we shall assess a template both with ahdwiit
dark energy density and with a range of priors on the two jorgit
Euler angles via models B — G. All model comparisons are degic
via In evidence differencesha — Ing_q So that a positive value
illustrates a preference for the inclusion of the Bianchhponent
and vice versa.

In agreement with the parameter constraints, little eviden
exists for any of the right-handed models, typically at teb$n
evidence unit lower than for the left-handed models. We dotine
results were relatively insensitive to the choice of priansthe en-
ergy densitiesh andw, but heavily dependant on the Euler angles.
The only preferred model (a marginally significantevidence dif-
ference> 1) was found by restricting the pattern to lie centred at

0 0.5 1 0 10 _ 20 02 04 06 08
h w[x107 a [rad]
0.2 04 0.6 08 4 6 g8 0 02 0-‘5@-6 0.8
B [rad] y[rad] m

0 0.2 0.630.6 0.8
tot

Figure 7. Extracted BianchiVII,, parameters includinglﬁ (left handed
model C) from WMAP 3-year data.

0.2 0.4 0.6 0.8 0 0 o 20 04 06 08 1
h w[x10 7] o [rad]
02 04 06 08 4 6 g 0 02 O.Abga.e 0.8
B [rad] y [rad] m

Figure 8. Extracted BianchWV1I;, parameters with a prior &2 = 0 (left
handed model F) from WMAP 3-year data.

the ‘cold-spot’ (models D and G), parameter constraintshosvn

in Fig. 10. It must be noted that the Bayesian evidence is@ pri
dependent quantity, so that in general a smaller prior wilbtto
lift the evidence and vice versa, thus an increased deteasing
these restricted priors is understandable. However, Hyaitiw-
ing the pattern to rotate freely, viawe still gain all the degrees
of freedom necessary to allow the data to decide the besthorp
logy. Indeed all we are saying with this prior is that we bedi¢he
‘cold-spot’ to be driving any detection. The effect of inasing the
parameter space with the additiont®f is clealy offset by the large
volumes of high likelihood that exist along the degenerbegying
the evidences almost unchanged. The conclusions are iedlgent

(© 2005 RAS, MNRASD00, 1-8



Table 4. In evidence differences using one and three year all sky mapsraps for L and R handed models including a dark energy gensit

MCMC analysis of BianchV1I;,, models

Data\ Model B (L) B(R) c(L) C(R) D (L) D (R)
3-yearILC  -0.9:0.2 14402 -06+£02 12402 +12+£02 -1.0+£0.2
l-yearILC  -0.9:0.2 -15+£02 -05+£02 -11+02 +1.2+02 -1.0+0.2

Data\ Model E (L) E(R) F(L) F(R) G (L) G (R)
3yearILC  -0.8:0.2 -1.3+0.2 -0.6+02 -1.1+0.2 +11+02 -1.0+0.2
l-year ILC  -0.8:0.2 -15+£02 -0.7£02 -11£02 +09+02 -1.0+02

7

7
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N/
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w[x 10729 a [rad]

\//\/
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Figure9. Extracted BianchV1I,, parameters with a prior @5 = 0 (right

4 5 8 0 02046 08
y [rad] m

handed model B) from WMAP 3-year data.
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w[x10719

JAN

4 6
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Figure 10. Extracted BianchV1I;, parameters with a prior @E =0and
centered on the ‘cold spot’ (left handed model G) from WMARe2y data.

0 02 0.4225).6 0.8
m

The only model considered which yields a positive evidence.

6 CONCLUSIONS

We have investigated the possibility of signatures of uisiakeshear
and vorticity in 1 and 3-year WMAP data. We implemented Bian-
chi VII, simulations in a fully Bayesian MCMC analysis to extract
the best fitting parametefsof the model and to determine whether
its inclusion is warranted by the data. We only make a maligina
significant detection for a left-handed Bianchi templatéhvpara-
metersfor = 0.43+0.04, h = 0.327592, w = 9.77 15 x 107*°
with orientationy = 337°"37) if we restrict its position on the sky
to lie centred on the ‘cold-spot’ aty(= 42°,8 = 32°) —all other
models are essentially disfavoured by the data in both 1 amehB
maps. Since the open universal geometry implied by these tem
plates effectively rules out the BiancRill;, models as the origin
of this structure we can only treat these models as tempttitg§i,
morphologically similar to some as yet unknown physicalseau
Nevertheless our analysis demonstrated that there anestitey
effects on large scales yet to be explained in the WMAP data.
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