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| will talk about:

* Model-independent estimation of CMB angular power spectrum
(with Arman Shafieloo, Mihir Arjunwadkar, Tarun Souradeep).

« Nonparametric test of consistency between cosmological models
and CMB data (with Arman Shafieloo).



Model-independent
estimation of CMB angular
power spectrum
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CMB Anisotropies and the Power Spectrum

@ Expansion in spherical harmonics
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@ AT(0,¢) is a Gaussian random field
— a; m are mean-0 random variables with variance C; := E|a,:1m|2.
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Regression Problems

Data: (:1’;1j yl), (113'2, yz), ooy (CUn: yn)
Y = f(x) +¢€




Parametric regression

Yi = f(xi) + €
@ Assume f(x) = ax + b.

@ Assume noise €; ~ N(0,02) IID.

@ Likelihood function

L(Q, b|data) _(Y, — (axf. + b))2)
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@ To estimate a, b: Maximize L(a, b|data) w.r.t. a, b.

@ This is same as linear least-squares regression, under the
assumptions made.



Frequentist vs Bayesian

 Frequentist
It defines a probability as the limit of its relative frequency in a large number of trials.

« Bayesian
It defines a probability as a degree of belief.
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REACT: nonparametric regression

@ Y;=f(x)+e¢;, with ¢, ~ N(0,02) IID, o2 known.
@ Assume f € Ly(a, b) and a complete orthonormal basis {¢;(x)}.

00 b
) =3 Bei(x). 5= [ Fx)ei(xax
j=0 :

® Regression estimator f(x):
f(x) = ij_ol quﬁj(x) + (some truncation bias)

Bj:= AjZj with 1> X9 > ... > A1 > 0. and Z =" Yigi(x)

@ Inverse-noise-weighted squared loss function

- 2
o [ (feo-fe)
L(f,f)_/( e ) dx.

@ Risk estimator

R(\) = ZTDWDZ + tr(DWDB) — t((DWDB),

subject to the constraint 1 > \g > ... > A\,_1 > 0.



: Power Spectrum Data
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Planck 2013 power spectrum estimation

e Restricted —freedom fit (EDoF = 25)
e Full -freedom fit (EDoF = 130)
8 | ® Planck best ACDM fit
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Confidence set in Function space

=95%

Nonparametric fit
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Nonparametric test of
consistency between
cosmological models and
CMB data



Validating Cosmological Models

Parametric fit

Nonparametric fit

Best fit LCDM at 36%




Calibrating Confidence distances
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Data set 1 (Planck 2013)

Data set 2 (Planck 2013, excluding 217 x 217 GHz)
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Bias control

® Data set 1 (Planck2013)
ki == — Restricted — freedom fit (EDoF =25)
o — Full- freedom fit (EDoF = 130)
s ] — Planck best ACDM fit
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Bias control

— Hmmeé-maa‘u;m-[Em&aa_]
—  Full - freadom fit (EDoF = 106]
g _ — Plarck best AGDM fit
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Thank you
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