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SGWB

{ Diffuse gravitational-wave signal resulting from the }

superposition of numerous unresolved sources

|

| |
Astrophysical (AGWB) Cosmological (CGWB)
/Unresolved astrophysical sources:\ /Early Universe mechanisms: A
m astrophysical black hole = inflation, (pre) reheating,
m compact binaries = primordial black holes,
m rotating neutron star m cosmic strings, domain walls
m core-collapse supernovae m phase transitions
N bee =P / 2P J
Observations See Wang Sai’ s talk
| . l !
Interferometers (medium frequency ) Pulsar timing array (low frequency )

m Ground-based : aLIGO/Virgo/KAGRA, ET, CE [- NANOGrav, CPTA , EPTA/INPTA, PPTA ]
m Space-based:LISA, Taiji, Tiangin, BBO, DECIGO




Pulsar timing array observations

2 Telescopes on
Earth measure tiny
differences in the
- arrival times of the
N ~ radio. bursts caused
'; ),'//'/ by the jostling.

——Pulsar

1 Gravitational:waves from supermassive
black-hole mergers.in-distant galaxies-subtly
shift the position of.Earth:

pesstenane

NEW MILLISECOND PULSARS ClP 3 veosuingthe

An all-sky:map'asiseenby.the Fermi < effect on'an array of
Gamma-ray Space Telescope in its first.year

'
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pulsars enhances the
chance of detecting the
gravitational waves.




Monopole measurement (isotropy) : Hellings-Downs Curve

Correlations of (Fourier) amplitudes of timing residual \
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intrinsic pulsar noise isotropic GWB with HD correlations .
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The Detections of the Hellings-Downs Curve

Correlation coefficient, "
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Multipoles measurement (anisotropies)

power of the GWB has anisotropies
T(f, &) o / POO(f,Q) | FT (90 Q) FF (5, Q) + F* (90, ) 7 (0, 2)

= Z Z / d*Qay (f)Yim(Q) [f+ <ﬁa,f2> Ft (ﬁb,ﬂ) + F* (ﬁa,fl) FX (ﬁb,ﬁ)} spherical harmonic basis
=0 m=-1
The NANOGrav Collaboration, arXiv:2306.16221
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SGWB spectra of typicl new physics models

The NANOGrav Collaboration, arXiv:2306.16219
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Is the GWB anisotropic?

COBE-FIRAS

Global vs fluctuations

From sources From propagation



Anisotropies in the CGWB
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N. Bartolo, D. Bertacca, S. Matarrese, M. Peloso, A. Ricciardone, A. Riotto & G. Tasinato, PRD 102 no. 2, (2020) 023527
A. Ricciardone, L. V. Dall’ Armi, N. Bartolo, D. Bertacca, M. Liguori, & S. Matarrese, PRL, 127 no. 27, (2021) 271301
Yongping Li ,Fa Peng Huang ,Xiao Wang & Xinmin Zhang, PRD, 105, 083527 (2022)
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The NANOGrav 15-year Data Anisotropies in the CGWB

The NANOGrav Collaboration, arXiv:2306.16219

m GW energy density
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= GW spectrum
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= expand the distribution function

_ 0
faew = faw(p,n) — pJ;Lpr(f, p,D, M)

m separate GW spectrum into

1079 10 10T isotropic + fluctuation
f (Hz)

m assuming single power-law function
 Qawh? = Agw (f/Hz)16w

m  Weighted a non-gaussion PDF according to violin
plot for each data point lﬂbwfﬂ = Aqw(f/Hz)ew

m Construct likelihood to perform MCMC fitting dnQew (p,1) /01np = vow

Qaw (Z,p,1) = Qaw(p,n) [1 + daw (Z,p,n)]
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= Conformal Newtonian gauge  ds? = a*(n) [~ (1 + 29)dn? + (1 — 2®)8;;dx’da?]
l collisionless
A 0 AT
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= Anisotropic power spectrum  CSW — 4 %PR(k)|TEGW(k, D, Min> Mo)

We integrate metric perturbations generated by CLASS convoluted with spherical Bessel functions.

—gl !
10 —_— cEW
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The anisotropies of the of CGWB has the following
feature (and assumptions):

1. Homogeneous sources (?)

2. Start propagating at much earlier time ( ) T T T
3. No collision terms (no diffusion damping)

4. Adiabatic initial perturbations(?)

5.  SW term is modulated by the auto-spectrum

] 1
-0.000123207 9.69074e-05 -0.000396042 0.000398065
S ( L = 20000)

]
-0.000517149 0.000512607



Cross-correlation with CMB
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GW x CMB Cross-correlation
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CMB lensing

m Lensing potential

0 (n — ) CMB lensing
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Compared with AGWB

BH luminosity function  A(y,vy) Ea4sz(;7)/dGG£G(n, VG, 05)
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Summary

« Compute the anisotropic power spectrum of the CGWB based
on the NANOGrav-15 years data

* Anisotropies are at the same level with the CMB

 Cross-correlating with CMB and CMB-lensing

* Suppressed cross-spectrum at lower £

* Unsuppressed cross-spectrum between the CGWB and the CMB-lensing




Outlooks

1: reconstruction from the CMB?

May not be feasible due to the
suppressed CC.

But CC with lensing 1s NOT
suppressed!

Reconstruction of from the CMB

CMB AT/T Constrained 6-gwg - Noiseless case

100 L

. |
-0.000385371 0.000331378 -0.00220126 0.00205258

Ricciardone, et. al. PRL 2021 arXiv: 2106.02591

101 102 10°



2: Disentangle AGWB and CGWB
Does cross-correlation help disentangle AGWB and CGWB signal?

Traditional cosmological tracers: Anisotropic GWB
= CMB
= CMB-lensing = AGWB
= CGWB

m  Galaxy clustering

3: Astrometric detections

C. J. Moore, D. P. Mihaylov A. Lasen & G.Gilmore, PRL 119, 261102 (2017)
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Thanks for your
attention




