30o-|sh Dlrecﬂonal Moduld’rlon

Anomaly |n the CMB

MohammadHossein Jamshidi - Abdolali Banihashemi - Nima Khosravi
DSU2023 - Kigali



Statistical Assumptions in ACDM

e Homogeneity

e Isotropy



Known anomalies in the CMB

e Temperature Dipole

e Dipole in T fluctuations




Known anomalies in the CMB

e Temperature Dipole

e Dipole in T fluctuations

e Quadrupole-Octopole Alignment
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Planck VIl 2018 https://doi.org/10.1155/2010/847541



Known anomalies in the CMB

e Temperature Dipole

e Dipole in T fluctuations

e Quadrupole-Octopole Alignment

e Cold Spots

Planck VII 2018



CMB dipole modulation

%’mod(ﬁ) — (1 + Aﬁﬁ)%hso(ﬁ)

Commander Dipole Amplitude:
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0.070 _5515

Planck VIl 2018



Dipolar structure ...?

e Custom function, Higher Multipoles ?
e Fine tuning in our location ...



Why did we think about it?

® GLTofDE Model
® Patches in the sky

A.Banihashemi et. al 2018

https://doi.org/10.1103/PhysRevD.99.083509



Does this anomaly have a finer structure?



Strip

Shapes

Cap



e Standard Deviation o(T) = [% S(6T — 5_T)2]1/2

e 2 point correlation function

Crr(7) = 5 | OT(R)ST(n') = 20T () x 3207 ()|



Measure based on STD

otop(T)

[O'top (T) — Obottom (T)]Q



Which Direction?

Caps of 10 to 90 deg radius Direction of study for CMB
Different Probes ——— 0y, (T)
Consistency with the direction

reported by Planck
(lon = 221, lat = -20)
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Results For Caps

[Ttop(T) — Thottom(T)]? vs. Cap Radius - Inpainted Map
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[Jstrip(T) — Orest of Sky(T)]g [)U’K]

Results For Stri

[Ostrip(T) — Trest of sky (T)]* vs. Strip Center - Inpainted Map
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Multipoles

Legendre expansion of o,i,(7") vs. Strip Center - Inpainted Map
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Multipoles

Legendre Amplitudes (Modulated) vs. [

..... CMB
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Multipoles

Legendre Amplitudes (Internal) vs. [
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Summary

Theoretical questions around dipole

Taking simple shapes and windows to measure statistics in finer
structures

Adding modulation to simulations using Legendre expansion,
Reading errors & significance

With the statistical measures, dipole is not enough to describe

the directional anomaly

Thank You!






Everything is isotropic!




Measures based on 2PCF

JCrr(dy 4
J CRoptem™ (v)dy
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Results For Caps

[1cEPinray

1e8 [rcier(y) — chottom(y)2dy Vs Top Cap Size, Inpainted Map i rdy 1 Vs Top Cap Size, Inpainted Map
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Results For Strips

Jics® (dy
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