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Abstract: The astrophysical stochastic gravitational wave background (SGWB) originates from numerous faint sub-threshold gravitational wave
(GW) signals arising from the coalescing binary compact objects. This background is expected to be discovered from the current (or
next-generation) network of GW detectors by cross-correlating the signal between multiple pairs of GW detectors. However, detecting this signal is
challenging and the correlation is only detectable at low frequencies due to the arrival time delay between different detectors. In this work, we
propose a novel technique, Spectrogram Correlated Stacking (or SpeCS), which goes beyond the usual cross-correlation (and to higher frequencies)

by exploiting the higher-order statistics in the time-frequency domain which accounts for the chirping nature of the individua events that comprise
SGWB.

We show that SpeCS improves the signal-to-noise for the detection of SGWB by up to an order of magnitude, compared to standard optimal
cross-correlation methods which are tuned to measure only the power spectrum of the SGWB signal. SpeCS can probe beyond the power spectrum
and its application to the GW data avail able from the current and next-generation GW detectors would speed up the SGWB discovery.

based on work with Ramit Dey, Luis Longo, and Suvodip Mukherjee

Zoom link: https://pitp.zoom.us/j/970918171582pwd=MHNkdjFQTOplV zJJY 2| SOHRxdDdwdz09

Pirsa: 23040163 Page 1/26



SpeCS: Spectrogram Correlated Stacking
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Planck vs LIGO!
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Subthreshold: what if we cannot detect the events?

Detecting the Stochastic Gravitational Wave
background (SGWB) by

detector signal

Time-delay between detectors (+ 10 msec)
kills SNR at frequency > 30 Hz (for unknown
Sky pOSitiOﬂ) === Upper Limit with \‘-»BH

Abbott, et al, 2021

Pirsa: 23040163 Page 5/26




Pirsa: 23040163

Strain (10%")

q
o
—
L=
©
1=
fror}
v

Strain (10?")

[ [
LIGO Hanford Data Predicted

LIGO Livingston Data Predicted

W\JW W

[ |
LIGO Hanford Data (shifted)

_LIGO Livingston Data
] ] |

0.30 0.35 0.40
Time (sec)

Page 6/26




Subthreshold: what if we cannot detect the events?

Detecting the Stochastic Gravitational Wave
background (SGWB) by

detector signal
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(a different talk!)

LIGO Noise Sources (Abbott, et al. 2020)
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Note that spectrograms
remain correlated on
much longer times
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The Astrophysical SGWB i1s not a constant signal:
Can we peek into the non-Gaussian tail?

The dependence of the signal will arise from:

1. Time -scale over which events are overlapping at a particular frequency

(Duty cycle).
a. Astrophysical SGWB has a duty cycle less than 1 sec.
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2. Mass dependence of the SGWB will also affect time-dependence.
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2. Mass dependence of the SGWB will also affect time-dependence.
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SpeCS: Spectrogram Correlated Stacking
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Ssi,; (AL, Af) = df Wi, (t, FYW,,(t + At, f + Af).

Detector 1 Detectar 2

Cross-correlating
the spectrograms

Detector 2

P (At Af) = [ [ Ss, (&, [)Ss,(t — At, f — Af)dtdf , e

At +e
1 i
Pfrpert”re(Ati te,Af) = 9 E P..(z,Af),

r=At,—¢

Pback(Af) = {Plaperture(Atl = €, Af),
PRBSERES (N e DAV S ,Pf{,‘:onmc(AtM = Ay )

Pelean(A¢ Af) = P, (At, Af) — PP (Af).

pp(At =0+ E) =
\/ > BSANCALAfPEBS).

AfAF

Pirsa: 23040163 Page 13/26



The Astrophysical SGWB i1s not a constant signal:
Can we peek into the non-Gaussian tail?

The dependence of the signal will arise from:

1. Time -scale over which events are overlapping at a particular frequency

(Duty cycle).
a. Astrophysical SGWB has a duty cycle less than 1 sec.

’ ? — g
i
MakeAGIF.co

2. Mass dependence of the SGWB will also affect time-dependence.

BNS (Mys =1.4M5, Mys = 1.4M )
<o+ NS-BH (Mg = 10M s, Mys = 1.4M )
NS-BH (Mg = 30M o, Mys = 1.4M )
BBH (Mg, = 10M 5, Mgy, = 10M )
+ BBH (Mg = 10M, Mgy = 30M ;)

dpjdf [Hz™ ]

102
gravitational wave frequency (f) [Hz]

Pirsa: 23040163 Page 14/26




Implementation of SpeCS on injections II
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Implementation of SpeCS on injections II
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Implementation of SpeCS on injections I
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SpeCS: Results on the injections
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Distribution of the background for a Gaussian noise
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Distribution of the background for a Gaussian noise
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Signal to Noise Ratio from SpeCS
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Variation 1n the signal to noise ratio with total
number of events
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SNR by combining LHV detectors
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Comparison with the cross-correlation technique
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SpeCS improves (astrophysics) SNR by x8

1 === Upper Limit with NSBH
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Take home messages

SpeCS: A new method to detect time-dependent (low duty cycle) stochastic
GW background.

Difference in the underlying statistical property of the SGWB and noise helps in
finding the signal.

The method is capable to capture more information than the cross-correlation
method for a signal with low duty cycle.

Thank you!
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