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Stat Iso C(n *n)) = 221+ P(n *n)

Correlation

Non SI

Correlation C(7,,7,) = 1112 {Yzl (n)®Y, L, (75) $10s
LI, LM Bipolar spherical harmonics.
11
B'POSH A££+d = AeLej\de CL , (0<d< L),
SPCCTI“G £(e+d) EO(£+d)O

BipoSH spectrum L=0, d=0: Angular power spectrum C, C; = (agnap,,)

Linear combination of off-diagonal elements
BipoSH provide complete representation of SH space correlation matrix



oty Planck 2014 Data used

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

» SEVEM multi-frequency maps : 100, 143 and 227 GHz used

» A common mask is used including both Galactic plane and point
source masking. The corresponding fsky is ~77% at full
resolution.

» Appropriate companion sets 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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BipoSH spectra : zoomed -
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pIanck-Bll% lar Sl'gherlcal Harmonic representatlon

A complete representation of two-point correlation
' Amir Hajian & Souradeep 2003
» Modulation of CMB map: mir Hajian & Souradeep
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AT(ﬁ) — [1 + M(ﬁ)]ATSI (ﬁ) ol - GutCey (261 +1)(282 +1) L1
V2R 2 - \/E (2L+ 1) £10450

» Modulation of variance
(AT (7)*) = R(n) = Z RoimYrm(h) Rim = ZALM Ll —==—C{ /01,0

bl 7=
bl rlly
(cumulative BipoSH spectra) M = AWM 4 8iyG,
Gélfg — {bV Gﬁlﬁg]M o [Gé1£2]¢} X
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» Doppler boost: \/ 197 Cr06:0
M
(known guaranteed signal) [Ger,]” = [Co + O],
[Gél@](]ﬁ — [Cel + CEQ]
+ (O = Cp|[la(br +1) = lo(b2 +1)] /2
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e Modulatlon model of SI violation 't LT
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AT(7) = [1+ M(n)] AT (1)

M(n) : modulation field searched M(7) =)  miuYou(?)

LM

Focus only on L=1 Dipole Modulation in 2014

AT (R) =[1+ A (p.n)] AT (R)
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Dipole modulation power statistics
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Consistent between BipoSH spectra and Dipole modulation inferred




Hemispherical power asymmetr
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» Excess seen in ‘natural’ L=1 BipoSH spectra
— Not a ‘designer statistics’ for specific signal ( analog of flat band power C,)
— Gaussian statistics of flat band power estimates
— Analysis up to high multipoles (¢ < 1024) ; zoom in with finer resolution bands
— non zero BipoSH spectra within low multipole band [2-256] at 2 to 30

> Dlpolar modulation in Planck in 2014 persists (A~0.07 at p=0.006)

Consistent with 2013 results of scale dependent amplitude
— Analysis extended to higher multipoles up to 1024 [ 2014]

— absence of significant power in the multipole bins ¢> 64 [2014]
— Frequency independent --100, 143, 217 GHz SEVEM maps [2014]

There persists evidence of an interesting effect that may signal new physics and
merits continued attention

Should explore estimating BipoSH spectra simultaneously with C,

Paolo Natoli’s talk yesterday
» More specific searches: ML search for Dipolar modulation
(results consistent with 2013, Polarization does not provide extra info yet)

> ‘Look elsewhere’ effect can be invoked. Including it the PTE will be reduced slightly However,
implementation & mterpretatlon is open to dlscussmn
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