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-ion: Stochastic gravitational-wave backgrounds

3k Cosmological: intrinsically stochastic signal
X Inflation
3k First order phase transitions

3k Cosmic strings

3 Astrophysical: incoherent superposition of unresolved sources
3k Individual sources too faint

% Individual sources overlap in time (confusion noise)
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_hastic gravitational-wave backgrounds

3 If the background is stationary and Gaussian: fully specified by second moment

(here assuming isotropy)
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% Relation with energy density:

1 dp(f) _ 2n°
pc dinf 3H

Qaw (f) = — f*hz(f)

[Abbott+2016]

10 | | | | |
Earth S Normal Modes
i i | Inltlal LIGO V|rgo {H1—

Indlrect lelts

107" 107° 107° 1 o‘3 1 o0 10° 10° 10

Frequency (Hz
3 q y (Hz)



Detection methods

GW signal h much fainter than noise s; = h; + n;
Cross-correlating outputs from two detectors and hoping noise is uncorrelated

with the signal and between detectors

<S1S2>=<h1h2>+<h1n2>+<h2n1>+<n1n2>



Detection methods

GW signal h much fainter than noise s; = h; + n;
Cross-correlating outputs from two detectors and hoping noise is uncorrelated

with the signal and between detectors
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< hyh, > Q
Signal to noise ratio: SNR = £ — — x —

° \/<n12><n22> VPP,

P1, P2 : Detector power spectral density



.etection methods

Data | Data J
© In LIGO-Virgo: data divided into segments of T=192 sec \ /
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[LVK 2021]
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-:hastic background from merging compact binaries [LVK 2021]

- BBH/BNS local merger rate and mass distribution from O1+02+03a catalogue

~ Expect detection with design sensitivity or A+
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<~ Main contribution: Proto-neutron star oscillations (above 300 Hz)
< Low-frequency (below 300 Hz) from SASI (standing accretion shock instability)

Rapidly falling / Region cooled by
material neutrinos
TN T 40- to 50-km radius;
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Rate of CCSN follows SFR: R(z) = AccRi(2),

Fraction of stars that collapse (using Salpeter IMF):

Acc = ¢(m)dm = 0.007 M_".
8Mgp

peq(z_zm:)

SFR: R*(z) - Vp — q _|_ qep(z_zm,) ’



,Q Calculate the contrlbutlon of aII CCSN to stochastlc background
- Use GW S|gnal from 3D S|mulat|ons o

GW spectrum:

Direction-dependent
GW strain

Integral over a
spherical shell

* Need angular information, most simulations do not provide it!
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Model name ZAMS mass, type Numerical code EoS Notes Reference
m39 39 M, Wolf-Rayet star LS220 Rotating, Exploding
s18np 18 M, giant L.S220 SASI [60]
y20 20 M, Wolf-Rayet star i LS220 Exploding
s18 18 Mo, giant COCONUT-FMT [64] g5 Exploding [57]
z100 100 Mg SFHx SASI
z85 85 Mg SFHx Exploding, SASI [63]
Rad9 9 Mg SFHo Exploding
Rad10 10 Mg SFHo Exploding
Radl1l 11 Mg SFHo Exploding
Rad12 12 Mg SFHo Exploding
Rad13 13 Mg FORNAX [65] SFHo 158
Rad19 19 Mg SFHo Exploding
Rad25 25 Mg SFHo Exploding, SASI
Rad60 60 Mg SFHo Exploding
s9-FMD-H 9 Mg, giant SFHo Exploding
s20-FMD-H 20 Mg, giant AENUS-ALCAR [66, 67  qpp 62
slbnr 15 Mg LS220 SASI
s1br 15 Mg PROMETHEUS-VERTEX [68] L.S220 SASI [56]
s1b5fr 15 Mg LS220 Rotating, Exploding, SASI
mesa20-pert 20 Mg, giant SFHo SASI
mesa20 20 Mo, giant FLASH [69] SFHo SASI [55]
Shib0 70 Mg L.S220 SASI
Shib1 70 Mg [70] LS220 Rotating, low-T'/|W| instability — [71]
Shib2 70 Mg LS220 Rotating, low-7/|W| instability

TABLE I: Simulations from which we calculate the SGWB. The high-density nuclear equations of state (EoS)
include SFHo & SFHx [72] and that of Lattimer & Swesty [73] with bulk incompressibility of K = 220 MeV (L.S220).
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s18np

Varying ZAMS masses
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FIG. 3: Averaged QQgw including the contributions of
the non-rotating progenitors and excluding Shib0
weighted by the abundance of the stellar progenitor in
the stellar population as given by the Salpeter IMF (c.f.

Eq. \E)

processes. We find that in all but the most extreme cases,
the SGWB from CCSNe is 2-5 orders of magnitude below
the sensitivity of the third-generation GW detectors.
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Caveats:

* Most simulations were terminated while the system was still emitting GW
* Anisotropic neutrino emission from PNS not included
* Asymmetries due to magnetic fields not included
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On the positive side:

* Cosmological signal is expected to be much stronger, will not be masked by CCSN !
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