Detecting a stochastic gravitational-

wave background in LVK
Are we there yet?
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Detection roadmap
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The CBC stochastic GW background in L/V

, target for stochastic searches .
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Contaldi + AIR, ICL Hall + Vitale, MIT

incoherent superposition —» unresolved —» stochastic variables
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Observing the background: the spectrum

fractional GW 1 dPGW 32r 3
O —p— [
energy density aw(/) D, dlnf 3H2 f (/)
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CBC SGWB from

How long until detection?— depending on sensitivity/methods, before 3G!
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https://dcc.ligo.org/DocDB/0177/P2100239/009/o3_population.pdf

The cross-correlation statistic

GW detectors collect timestream data which we assume:

Assuming noise is uncorrelated between detectors, search for GWB with
cross correlation: C,,(f) = d,(f) d5(f)
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Stochastic searches: Bayesian model selection

Gaussian assumption: (d) = 0
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.062003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.062003

Stochastic searches: spectral weighting

'*_ a
» Spectral shape usually assumed a power law: [Q ., = QGW(]Cref)(fi> |
| ref :

« Either fix a or parameter in Bayesian fit

» binned narrowband frequency fitting (AIR. Contaldi "19)

“cosmological”

LIGO
NOISE PSD
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.063527

Ongoing mock-data challenge (MDC)

Testing the search on a realistic dataset
6 month dataset for 3 detector setup (H-L- V)

« content: gaussian LIGO/Virgo noise +
CBC injections

> ligo noise curve:

> CBCs: 87/% BNS, 13% BBH; 1 event every
~60 seconds (Christensen '19)

> mass distribution: O3 power law plus

— (3 measured

peak for BBHs 05 || —— 05 projected
illjc,‘t'li«)ll

e signal slightly amplified to be detectable Rl o
within 6 months (SNR=5) frequency (Hz)
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https://people.carleton.edu/~nchriste/Christensen_2019_Rep._Prog._Phys._82_016903.pdf
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The LIGO/Virgo detectors: the “optimal” SNR

match-filtered SNR

stochastic SNR
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The LIGO/Virgo detectors: the “optimal” SNR

match-filtered SNR

stochastic SNR
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MDC results: we can detect a signal!

but we need a lot of data.

Cross-correlation statistic results:

Recovered: Qow(for = 25Hz) = (1.7 £ 0.4) - 107

Bayesian Modelling results:

logBayes factor of signal vs noise: 6.67 +/- 0.05

Uniform: [-9, -0]

log o L26w

a Uniform: [-4, 4] e

New library to do this sort of analysis: pygwb — soon on conda!
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The stochastic GW background

incoherent superposition/
stochastic generation

1 gravitational wave: hab(t) — Z h(t) Gﬁb
A

—p unresolved —— stochastic variables

superposition of plane waves: /i ,(t,x) = [ de dn %A(ﬁ ) 62\17(,@) pl2mf X
fooos

total GW intensity: J(f) = % 2 Z \%A(f) \2
A

waves ~—__y, larget for stochastic searches

from Allen & Ottewill '97
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.545

Overlap reduction function

L) = | d IR iyl f €50 = ) T

SZ

“small antenna’:

L < clfgw

arm transfer function
IS constant: modulations
given by baseline length
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Observing the background: the time domain

Gaussianity/non-Gaussianity of continuous/intermittent GWBs

20 25 30 35 40 45
Time (minutes)

We can use different methods to search for Gaussian/non backgrounds!
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Stochastic searches: non-Gaussian signal

intermittent background of CBCs; “deterministic” CBC likelihood:

| 1 —1 *
. oy d—=h)C (di—hy)
0Ny )
1T

gaussian noise + intermittent signal = Gaussian mixture model:

duty cycle: probability of there being a CBC
signal in the data at any given time
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Stochastic searches: non-Gaussian signal

intermittent background of CBCs; “deterministic” CBC likelihood:

| 1 -1 *
- s(d-h)C7 (d—h)
Z(d;) H [C|"” -

“deterministic” =
use CBC waveforms: e “deterministic”

“The Bayesian Search” " GWB strain model?
Smith & Thrane 18

“JdeterpirTstic”, stochastic burst &
search for Correlated bursts of
GW energy, Drasco & Flanagan, '03, Lawrence+(AIR) in prep.
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https://journals.aps.org/prx/abstract/10.1103/PhysRevX.8.021019

MDC results: we can detect a signal!

(O2 power law model for BBH masses)

' Qaw €[2.8,1.9]- 1077 §

T 010.0826
WA F —8.6315 097

Cross-correlation statistic results:

Recovered: Qow(for = 25HZ) = (2.4 +£0.4) - 107

+0.516
—0.595

Bayesian Modelling results:
Bayes factor of signal vs noise: 121309.52 +/- 0.05

Uniform: [-9, -0]

log o L26w

o Uniform: [-4, 4] alpha

New library to do this sort of analysis: pygwb — soon on conda!
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