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Planck 2013 results showed remarkably good consistency with ACDM
predictions: the basic properties of CMB primary anisotropies are well
described by a simple 6-parameter ACDM model.

Nevertheless, a number of interesting anomalies were reported in our
previous work (Planck Collaboration, 2014, A&A 571, A23), some of
which were already present in WMAP data.

Detection by different instruments strengthened the confidence of these
detections as real sky signals.

The wide frequency coverage of Planck is fundamental to allow the
separation of the CMB signal from foreground emissions, and therefore
to possibly confirm the cosmological origin of such anomalies.

Here, the current status of some of the CMB anomalies at large angular
scales is presented in the light of Planck 2014 full mission data. Two
other anomalies, the low variance and the cold spot, will be discussed in
the next talk by E. Martinez Gonzalez.
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Results shown in this talk have been produced using Planck 2014 full
mission intensity data. The analysis of polarization is in progress.

Frequency maps have been processed by 4 different component
separation methods to obtain 4 CMB maps, in order to test the
robustness of results wrt foreground cleaning.

A common mask is used including both Galactic plane and point source
masking. The corresponding f,, is ~77% at full resolution and ~60% at
low resolution.

A companion set of realistic simulations has been produced and
analyzed in the same way as the real data.

In order to assess significance we use the p-value, defined as the
probability to obtain a value for a test statistics from a set of simulations
as extreme as for the real data.
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Intensity analysis showed significant differences between power on
opposite hemispheres.

This effect is present in both WMAP and Planck 2013 data, and it has
been the subject of more than 200 papers using independent
approaches.

In short:

« Asymmetry clearly seen at large angular scales/low mulipoles
« Amplitude of ~6%

- Direction of max (I, b)~(225°, -15°)

- The asymmetry axis is roughly near the Ecliptic plane, so some
analyses have also focused on northern/southern Ecliptic
hemispheres.

=
/—

=
=
a

I /

_—

//%

esa Planck 2014 - The microwave sky in temperature and polarization, Ferrara, 1 Dec 2014

Fi PLANCK



s . 7. A - o N s e LA A" o X & o= -+ - Y g’ - J & Bl AR, 1
p . / > - - -z o 2 Uik o X . . 3 &N ¥ s .
i I o 2 P Befrd S : v .. 1 Sl V. At G Ny e s Fun TS N -

" o p fa £ -~ . - - TN . » . . P W &
va_r. « AT I w .5 - . o (et Op: - v 3 x 4 oo oy e 8 - SOREL P R
A .l.— A A - < s e Oh 2O AN B i LR e 2t 4 k e X 3.

.;; &) W r _.b / mm' 1y y J;r,- Planck 2033 w0

N,

4"; 3 l& ni B % >3 . ® L ."' %y ..a- S '\, o ‘M‘ »'." 5 X :
- - A AR At & NG WFT P n ; Fan®
ﬁf\)”'”“v_lj _F.UJ }J” SJ - S.e A e S BB 0 Ve «
! : £ : % : . % 3 ,' - ‘l,, 3 ‘,946"._'.' B8 : PR o P ol WL !
y « .,.,‘v_ z 7 "s. L= " y A 'S o s

Positive direction
Negative direction
Galactic mask

\
)

Planck results 2013. XXIII. A&A, 571, A23, 2014
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Features on 2014 full mission data are very similar to 2013 nominal mission data.
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This is a modulation of the sky signal by an /=1 mode. It is equivalent to
¢,/x1 coupling.

There are several ways to look for this effect. Here, we present results for:
- Direct likelihood in pixel space

- Variance distribution in pixel space
* Harmonic space estimators

It is important to use different estimators because they are sensitive to
different potential systematic effects. Moreover, they can probe different

region of the parameter space, thus reducing the impact of the “a

posteriori correction”.
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Signal in a given pixel is usually assumed as the sum of (isotropic) CMB
signal s, convolved with the angular response of the instrument B plus

instrumental noise n: d=Bs;,,+n

Dipolar power modulation is included by modifying the signal model as
d=BMs,+n, where M;=(1+apen;)d; and a is the modulation amplitude.

The likelihood function in pixel space including a and p can be written as:

—1d*(BMSM'B‘+N)~'d

/IBMSMB? + N|

€

‘C(avﬁa Cf) X

Using Planck 2014 data we found a
~30 detection of a~6.5%.

This is consistent with 2013 findings, and is

almost independent from the component
separation method adopted.
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We apply the same procedure on the polarization —  Polarization 70 GHz 2014
data included in the Planck likelihood, which is Temperature SMICA 2014
based on the Planck 70GHz channel cleaned
using Planck 30 and 353GHz maps as
synchrotron and dust templates.
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Polarization doesn’t show hints for dipolar
modulation. However, S/N is much lower than for ¢
intensity, and only 47% of the sky is used. 00z 04 AWVT 08 10

At the same time, foreground residuals would
show up as a power asymmetry towards the
Galactic center. We see no evidence for this
when looking at the constraints on the dipole
modulation direction, confirming that foreground
residuals are well below the noise.
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We use the local variance method described
in Akrami et al 2014 to estimate a dipole

component in the distribution of the power
in the map.

Results obtained using Planck 2014 full
mission data show evidence for a significant

asymmetry in the variance distributions. 20—
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The significance of the detection drops at
small disc radius as only a few pixels are
used for each disc and the variance

estimates are too noisy.

For large disc radius we probe the very
large angular scales, i.e. the ones that are
more affected by cosmic variance, thus
reducing the significance of the detection

(Fantaye 2014).
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Hence, we apply a 4th order high-pass filter in harmonic space to study the
dependence of the significance as a function of 7.

Filtering these modes clearly stabilizes the significance of the asymmetry.
However, at the same time it also reduces the amount of signal, leading to a
reduction of the amplitude that eventually reduces the significance for /,;,=20.
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We use the harmonic QML estimator introduced in Moss et al 2011 (see also The
Planck Collaboration, 2014, 571:A17-A27) to Planck intensity maps.

For /.,,=2 we found a ~3c dipole modulation at /.., ~65 with a ~6.3% amplitude.
There is also evidence for modulations at ¢.,,,~40, and /,,,~240.

However, the latter becomes much less significant when adopting /.,,,=100,
removing large angular scales.
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When analyzing (isotropic) simulations we found
even more significant modulations, depending

on the choice of 7, ,,-

However, there is no a priori reason to adopt
lmax™~ 65, and there is only the a posteriori
observation that 7 .,~65 provides the most

maxXx

107! |

p-value for dipole modulation (%)

| — SEVEM
E —— simulation 0300
[ —— simulation 0650

o . 1072 ,.
significant detection. 10! 102 aes
Emax N
Hence, we use simulations to derive the i - Commander + 4/ZND ”
probability of finding a modulation as significant 0 — SEVEN e
. ] MICA :
as in the Planck data as a function of /.. B A
- T .. = 20 oo L A
This is known as multiplicity of tests, a posteriori £
correction, or look-elsewhere effect. B = b
10 E i
Accounting for this reduces the significance of
: 5 -
the modulation to PTE~15-20% at ¢,,,,~65. 10! 10°
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The CMB sky map is the sum of even and odd parity functions. A preference for
more power in odd multipoles at large angular scales was observed in the
Planck 2013 data. Similar results were found using WMAP data.

For the analysis of Planck 2014 data we define:
+,

CcXX (g, 1 ~ L(l+1) o
R (bmas) = G g o1t — = 3 o
C_ (emaa:) EtOt £=2 ema:z: d
where power spectra are computed using a QML estlmator (BoIPoI Gruppuso et
al 2011) on real data and simulations. T Commnder T
L — SEVEM
Results from Planck 2014 data show a clear oo | N
detection of an odd point-parity preference, with a 3 ~| /X
lower-tail probability of ~0.5% at /,,,,=28 as = TN
derived from simulations. io |
However, a posteriori correction is not included.

Zmax

V=
?f—:

=

v e Sa Planck 2014 - The microwave sky in temperature and polarization, Ferrara, 1 Dec 2014

Fi F VCK



R . R S IR 3
i ‘f’,-."‘- 7 e SR A N Y 54- G S SRR
AT T T ¥ Gatige 2% piS, BT R, 43 L e e
Sy A ST R o U e o R O
S SRy S e P .

>
e oy ¢ ) . X R -
R S B PRI PO W S SRR o S Ee 2 B MR T PRGNS PN M AR W DY B e e Rl RIGE 1

Last year we studied the properties of the Planck 2013 low-resolution map under
reflection with respect to a plane. The results showed anomalous behavior with a
anti-symmetry direction (/, b)=(264°, -17°).

For 2014 analysis we use again the S* (5-) estimators defined in Finelli et al 2012

S50 = 5 Ng 2 (T« Fow)]

where n, is the reflection of n; with respect to the plane defined by n;.

Results from Planck 2014 data confirm the

anomaly for S* in almost the same direction 0,004 |
and significance as in 2013 analysis: ; COMMANDER |
(I, b)=(264°, -15°) - PTE=99.3%. g 0003 SEVEM |

S i SMICA ]
Here, simulations are analyzed varying n; for g o002 &
all possible directions as an attempt to 5 AT
account for the a posteriori correction. 0001 g
Two different map resolutions and smoothing 0-000—-—'4 I_I_'—

400 600 800 1000 1200

have also been used. .
min(S )
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Homogeneous but anisotropic Bianchi cosmologies.

Large-scale intensity pattern of the CMB has a similar morphology
to models in the Bianchi VII; class (with linked shear and rotation).

Ar,\’

R ON

The parameters needed to match the template differ significantly

from the standard cosmology — phenomenology, not physics (e.g.,
Q.,=0.3£0.1; Q,=0.3£0.2).

Full Bayesian calculation (a la McEwen et al 2013): if we link
Bianchi and cosmological parameters (as we should!) no evidence
for Bianchi pattern, even in intensity: (w/H),<7.6x10-10 at 95%
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How do we account for the strong S|m|Iar|ty to the Blanchl pattern?
Does it remain in polarization?

Models generically predict similar patterns in E and B (Pontzen et al,
2007, 09 11

Best-fit Bianchi Corresponding Corresponding
intensity map E-mode map B-mode map
Intensity map remains a good fit, although it is pointing close to the

cold spot.

For this model, the best-fit amplitude of the polarisation map is

A =-0.10+0.04
(cf. A=1 if the model is right)
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We searched for large scale anomahes in the Planck 2014 full mission data.
- Dipolar power modulation:
- ~30 detection of dipolar modulation with amplitude a~6.3% in the
direction (/, b)~(225°, -20°)
- Although the significance drops when accounting for the a posteriori

correction, this feature if clearly of interest and should continue to
promote investigations into theoretical models.

- Point-parity asymmetry at /=[20,30] is confirmed at >20 significance as well
as Mirror parity asymmetry. inclusion of a posteriori correction is in progress.

Polarization can provide valuable information, and a full analysis of Planck
polarization maps is in progress.

Bianchi VII,, models seem to reproduce features in the intensity map. However,
when coupling with standard cosmological parameter estimation there is no
evidence for Bianchi pattern. Polarization also strongly disfavours these models.
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