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IMPRINTS OF GRAVITATIONAL WAVES CAN BE MEASURED BY A DIFFERENTIAL MEASUREMENT
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IMPRINTS OF GRAVITATIONAL WAVES CAN BE MEASURED BY A DIFFERENTIAL MEASUREMENT

Using Cosmic
Probes at the
Largest Scales.
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IMPRINTS OF GRAVITATIONAL WAVES USING COSMIC PROBES AT THE LARGEST SCALES.

Galaxy Distribution
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CMB AS A PROBE TO GRAVITATIONAL WAVES

What is the interaction between CMB and GW?

What are the observables of this interaction?

hat is the expected strength of the observables?

What is the prospect of detection?
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COSMIC MICROWAVE BACKGROUND TEMPERATURE AND ITS FLUCTUATIONS
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COSMIC MICROWAVE BACKGROUND POLARISATION
Can CMB be Polarised by Thomson scattering?

Isotropic radiation bath
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COSMIC MICROWAVE BACKGROUND POLARISATION
Can CMB be Polarised by Thomson scattering?

Isotropic radiation bath dipole radiation bath
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COSMIC MICROWAVE BACKGROUND POLARISATION
Can CMB be Polarised by Thomson scattering?

Isotropic radiation bath
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COSMIC MICROWAVE BACKGROUND POLARISATION
Projection of GW on the sky
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COSMIC MICROWAVE BACKGROUND POLARISATION

Can GW also generate quadrupolar fluctuation?

Quadrupolar radiation bath

Radiation A(?)
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COSMIC MICROWAVE BACKGROUND POLARISATION
Projection of GW on the sky
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COSMIC MICROWAVE BACKGROUND POLARISATION
Projection of GW on the sky
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COSMIC MICROWAVE BACKGROUND POLARISATION
Identifying polarisation pattern on the sky

(In a coordinate independent way)

Don’t change under reflection
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COSMIC MICROWAVE BACKGROUND POLARISATION

Projection of GW on the sky: E-mode and B-mode patterns
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OF THIS INTERACTION? 25

OBSERVABLES OF GW PERTURBATIONS ON B-MODE

CMB fluctuations are zero mean (nearly) Gaussian random field on the sky

-1U)(n) = Z ax2im+2Y 1m (1)
Im

agim = —(@om +a_21m)/2

aAB.im — i(aZ,Im — a—2,lm)/2

Angular Modes <@ Fourier Modes
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

CMB fluctuations are zero mean (nearly) Gaussian random field on the sky

(Q+iU)(A) =Y aszimz2¥im(R)

agim = —(@om +a_21m)/2
aAB.im — i(a2,lm — a—2,lm)/2

Angular Modes <@ Fourier Modes Harmonic coefficients

l *
Power spectra_ §xrt = 57777 ;<aX,lmaX',lm>

TT, EE, BB, TE are non-zero in absence of non-parity violating physics in

@ tifr early Universe
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OBSERVABLES OF DIFFERENT PERTURBATIONS

Density GW
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OBSERVABLES OF DIFFERENT PERTURBATIONS

Density >>> GW

<+—Key Observable

_—

Contribution from GW is not
pronounced than density fluctuations
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Different Cosmic stages

Matter-radiation equality End of recor?bination
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe
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OF THIS INTERACTION?

OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe
. a -
h,‘j -+ 2;1‘1,']' + kzh,'j - 0

For super-horizon modes: k < < %

h ~ constant
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe
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For sub-horizon modes: k > > %
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe

Comoving scale

Small k Image credit: Dodelson
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Evolution of GW signal in an expanding Universe

Comoving scale .
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum

CXX’I - (41’E)2 / k2 (C X[(k)AXII(k) Evolution of the modes

Initial GW fluctuation
C x k

Angular Modes «@====p- Fourier Modes
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum

CXX’I = (4%)2/k2 Ph(k))a(k)AX/[(k) Evolution of the modes

Initial GW fluctuation
C x k

Angular Modes <@ Fourier Modes
CBB,f

Matter-radiation equality End of recorrgbination

GW generation \yidth during recombination
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum

CXX’I — (41‘[)2//(2 Ph(k)X1(k)AX/1(k) Evolution of the modes

Initial GW fluctuation
C x k

Angular Modes «@====p- Fourier Modes Crp /
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum

CXX’I — (41‘[)2//(2 Ph(k)X[(k)AXll(k) Evolution of the modes

Initial GW fluctuation
C x k
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum

I(l+ 1)Cqp »
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum

I(l+ 1)Cqp »

4 ’,, C

rec eq

Amplitude: We will denoted it by r

. Cxx1 = (4n)° [ K> dMPs (k)i (k) A1 (k)
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Signature of evolution on the power spectrum
CBB,f l(l + 1)CBB,Lﬂ
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

From numerical code
Lewis and Challinor 2006
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Different Cosmic stages

Matter-radiation equality Encgl of recor?bination ~ Lensing contributions
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GW generation \vidth during recombination~ End of reionization
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OBSERVABLES OF GW PERTURBATIONS ON B-MODE

Different Cosmic stages

Lewis and Challinor 2006
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CMB AS A PROBE TO GRAVITATIONAL WAVES: WHAT IS THE PROSPECT OF
DETECTION?

What is the current statuse: Upper Bound

Tristram (2022)

PR1 (2013) r<0.11

PR1+BK (2015) r<0.12

PR2+BK (2016) r<0.09

BK15 (2018) r<0.07
PR3+BK15 (2019) r<0.065
PR4 (2021) r<0.056
PR4+BK15 (2021) r<0.044
BK18 (2021) r<0.036
PR4+BK18 (this work) r<0.032

0.00 0.05 0.10 0.15 0.20
r
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CMB AS A PROBE TO GRAVITATIONAL WAVES: WHAT IS THE PROSPECT OF
DETECTION?

Future Prospects: Simons Observatory

deviation from fiducial results, Ajens = 0.5

® xForecast

1

fiducial r=0.01 polarized AME Bs from S-PASS
+2 dust components
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Simons Observatory Collaboration

( tifr



CMB AS A PROBE TO GRAVITATIONAL WAVES: WHAT IS THE PROSPECT OF
DETECTION? 52

Future Prospects: LiteBIRD
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Future Prospects: CMB-54

Decorrelation: On, Foreground Bias: 1%
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