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A Primordial modulations and power asymmetry
A t trispectrum
A Kinematic Doppler dipoles

Note: statistical anisotropl trispectrum

The closet non-Gaussianity of anisotropic Gaussian fluctuations
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In this paper we explore the connection between anisotropic Gaussian fluctuations and isotropie
non-Gaussian fluctuations. We first set up a large angle framework for characterizing non-Gaussian
fluctuations: large angle non-Gaussian spectra. We then consider anisotropic Gaussian fuctuations
in two different situations. Firstly we look at anisotropic space-times and propose a preseription
for superimposed Gaussian fAuctuations; we argne against accidental symmetry in the fluctustions
and that therefore the Auctuations should be anisotropic. We show how these Huctuations display
previously known non-Gaussian effects both in the angular power spectrum and in non-Gaussian
spectra. Secondly we consider the anisotropic Grischuk-Zel'dovich effect. We construct a flat space
time with anisotropic, non-trivial topology and show how Gaussian fluctuations in such a space-

time look non-Gaussian. In particular we show how non-Gaussian spectra may probe superhorzon
anisotropy.
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Primordial curvature modulation:
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e.g. local NG C(x) = Co(x) + %fNL((:D(K)E —(¢3))
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Largescale modulations
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Pearson, Lewis, RegarXiv 1201.1010
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Definet trispectrum by TNL(L) = (almost all S/IN ab  p tthalf in dipole)
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Combined estimator for nearly scalevariant modulation
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Just need to reconstru¢i to find its power spectrum

QML estimator for f:
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Fpelinealmost identical to CMB lensing, but with different weidimctions.
General anisotropy estimator is
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Modulation mean field: mainly noise + mask

143x143

143x217

Avoids uncertainty in
noise modelling
(mask is well known)




Kinematic dipole signal

Modulation
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- just like a dipole lensing
convergence

Challinor& vanLeeuwen2002



known dipole amplitude and direction
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Planck maps: 100 GHz 1.5 0.18%
143 GHz 2 0.24%
217GHz 3 0.37%
353GHz 5 0.64%
545 GHz 9 1.1%
857GHz 14 1.7%

Use 143, 217 only (with dust subtraction from 857)

Note SMICA maps are a complicated mixture; modulation effect not currently included irsiftP6



Dipole kinematic effect using appropriate quadratic estimators
Total (Imin, = 500) Aberration Modulation
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Simulations without velocity effects (143 x 217)
Simulations with velocity effects

e 50 detectionin 143 x 217: v = (384 + 78) kms~!

o Foreground issue at 217 x 217 in 3y (driven by 7,)?

Note: not included in parameter analysis &, = (1.04148 + 0.00066) x 10~* = 0.596724° + 0.00038°

- bias due to aberration average over mabki@ v ,,



143x217 modulation reconstruction ( v)
- map of estimated modulation field2

Kinematics not subtracted

Kinematics subtracted
iIn mean field fronsims
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Modulation pseudcepower spectrum oL(l) =
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Consistent with zero except for anomalous octopole



Anomalous signal seems to be mostly due to 217

-may be related t¢ (frequency dependence from dust?)

Octopole signal varies between frequencies: (large autequadrupole expected from noise bias)
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PlanckW 4 trispectrum constraint

Estimator result v, = 442,

Gaussian simulations:

—452 < %y < 835 at 95% CL (04, ~ 335)

Consistent with Gaussian null hypothesis (octopole has small weight)
Note: signal most L<5small number of modes

mmm) Skewed distribution
‘ Upper limits weaker than you might expect

Conservative upper limit, allowing octopole to be physi &

using Bayesian posterior

L < 2800 at 95% CL

Binned probability
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Scaledependent dipole modulation and power asymmetries

Full analysis suggests no nkinematic dipole power asymmetry

Can also look for scatbependent effect: filterange of scales
used in quadratic estimator
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(new results, thanks Duncan)



Power modulation dipole amplitude far &

1-CDF(x*) (%)

WMAP 5 (Hanson & Lewis 2009) Planck217x143 (kinematic subtracted)
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Power dipole directionsd( a )

Kinematic subtracted

10 l 2000

max

Kinematics not subtracted

EE e
(as in Doppler paper but here pure modulation estimator) 10 Imax 2000



Power dipoles iz | p 11 lsands
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Conclusions

A v ,detection of kinematic dipole effects Planckmaps

A Largea OF £ S Y2RdzZf FGA2Y LI2G6SNI aySIF NI &
kinematic subtraction (foreground octopole?)

A Conservative limit C YTmav B,

A Power atd T T consistent with WMAP and previous analyses
(must be¢ maps looks the same)

A Dipole power modulations at low L do not persist to high L after kinematic
subtraction: |f| < 0.2% atx C MM
(but possible foreground issues, ongoing work..)

A Kinematic effects currently not included lanckisotropy paper results,
e.g. hemisphere and patch anisotropy constraints.
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