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Motivation

« Low multipole allignment
Tegmark et al. 2003; de Oliveira-Costa et al. 2004;
Schwarz et al. 2004; Copi et al.2006

. Lack of large scale power
Bennett et al., 2010

« North-South power asymmetry

Eriksen , et al. 2004, Hansen et al. 2004, 2009
Larson & Wandelt 2004 , Park 2004

« WMAP outliers
Larson, et al., 2010, Jarosik et al. 2010




Quadrupolar bipolar power spectrum: WMAP 7
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A statistically significant quadrupolar effect of Sl violation is observed at
which is the scale at which the CMB power spectrum has the

It would be interesting to study
which arises due to




Statistical isotropy violation

Correlation function

Angular power spectrum

a) Primordial power spectrum (p(k)p(k')) = P(k)é(k — K

b) Radiative transfer function kernel / CMB brightness fluctuation
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Bipolar Power Spectrum (BiPS) :

Correlation is a two point function on a sphere
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Correlation is a two point function on a sphere & can




Bipolar Formalism

A.Hajian and T. Souradeep, Ap] 597 L5 (2003)
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Linear combination of off-diagonal elements

Agp = (—1)°

Statistical isotropic term




Properties of the BipoSH coefficients
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CMB Temperature anisotropy
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CMB Temperature anisotropy

AT(R) ~ |P(E)|[Y2 % Ay(k, T)

CMB brightness fluctuations at present epoch related to baryon-
photon physics at the last scattering through the




Deviations from Statistical Isotropy
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Anisotropic CMB brightness fluctuations

Aich & Souradeep
Phys. Rev. D 81:083008




From CMB brightness fluctuation to angular power spectrum

CMB brightness fluctuations

Angular power spectrum




From CMB brightness fluctuation to angular power spectrum

CMB brightness fluctuations

Angular power spectrum




Deviations from Statistical Isotropy:

o Start with an

« Brightness fluctuations expanded in

Generalized Statistical Isotropy Violation
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For a directional dependent power spectrum
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For isotropic power spectrum




Generalized Evolution Equation

Sl violation observed at can be related to non-trivial effects at
the

for the Sl violating brightness fluctuations

N ()gelkAT)| AL

00504

om0 om0 [ L0
010 2 EDE4D f_l f‘ (3

T {Ce%u”n]‘

V'L




Generalized Evolution Equation: Asymptotic Limit




Generalized Evolution Equation

Non SI Dipole at LSS
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Evolution & Parity of the Bipolar
coefficients
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Non-Sl dipolar Source Terms
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Sl violating physical effects at last scattering

bipolar dipole, L =1

Durrer et al., PRD 1998,
Kahniashvili et al., PRD 2008




Summary

We obtain expressions for angular correlations and hence the BipoSH
coefficients, arising due to the violation of Sl.

We are interested in the large multipole moments of the CMB brightness
fluctuations today which are not dominated by the cosmic variance regime.

We have used our formalism to represent and match the well known case for
Sl violation in presence of a homogeneous magnetic field.

Thank You




