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The LIGO-Virgo-Kagra detectors

Operational
Planned

Aerial photograph (taken in 2023) of LIGO Hanford
Observatory (Caltech/MIT/LIGO Lab)
https.//www.ligo.caltech.edu/page/ligo-detectors

Gravitational-Wave Observatories Across the Globe
https://www.ligo.caltech.edu/image/ligo20160211¢c



https://www.ligo.caltech.edu/page/ligo-detectors
https://www.ligo.caltech.edu/image/ligo20160211c

LVK observing runs
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https://observing.docs.ligo.org/plan/
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Analysis pipeline

Python-based package tailored to searches for
isotropic GWBs with LVK detectors arXiv:2303.15696

PyGWB isotropic workflow
Strain data — Preprocessing — Computing Spectra — Data quality — Postprocessing

Output: Stochastic intermediate data

Frequentist & Bayesian Analysis

Results
Frequentist result & Bayesian result & Astrophysical implications
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The Gravitational-Wave Background(GWB)

The GWB is a random superposition of a large number of weak, independent, and unresolved gravitational-
wave (GW) signals

Astrophysical

A_ f\ Cosmological
. cosmic strlng H
Long., Hyde and Vachaspati Weir, David arXiv:1/05.01/783

Kink—Kink Collis1

LIGO Scientific Collaboration, Virgo Collaboration, and KAGRA Collaboration. Phys. Rev. X 16, 041023
Published 22 October, 2026 DOI: https://doi.org/10.1103/dlfv-z6m?2
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Statistical properties & Fractional GW energy density

B. Allen and J. D. Romano, Phys. Rev. D 59, 102001 (1999)

* Characterize the background statistically:
Gaussian, zero-mean, stationary, , and
(hy(f Wy (f ) = 828, 1) 6,44 6(f = fYH(f), (ha(fi 1)) = O
* Fractional GW energy density:

1 d pgw(f)
p. dlinf

Qow(f) =

e Relation:

3H; Qaw(f)
3273 f3

H(f) =



AnaIySiS methOdS B. Allen and J. D. Romano, Phys. Rev. D 59, 102001 (1999)

Cross-correlation spectra (for each time segment)

* Detector strain data (time domain):
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Analysis methods

Frequency estimator

e Narrowband estimator and

variance:

2,

Qy(f) =

() (fit)

2. 05°(fit)

_1/2
oo([f) = [Z o “(f; ti):|

data from ¢, to ¢, + At

 Power-law spectral model:
Qow(f) = QF(f)
f

Fa(f) — (25HZ)a

a=20, 2/3, 3
e Broadband estimator and variance:
4 Y Qo(NF oy *(f)
a|25Hz = > FANogX(f)

—1/2
Capos iy = [Z F§<f>602<f>]
f

optimally weighting the narrowband estimator



Analysis methods

Parameter estimation
GWB signal models

» Noise only: Qw(f; ®) =0

e Power Law

A Posterior moel Prior
A I« (Q(f) — Qaw(f:10))° \ p(Qy | OM
p(Q|©) o exp | —— . PO QM) = b
2 ; a3(f)
Bayes evidence
Gaussian likelihood model parameters Log Bayes factor log,, %y, = log;, ggﬁ)
Hybrid method » Obtain posteriors of ®

- setup UL at 95% C.L.
 Bayes factors
- test different models



Data Quality

Time-domain cut
gating

Gates applied to H1L1 in 2023-05-24 16:15 — 2024-01-16 08:11

77 IFO1:
== Data gated out: 9186.244140625 s
Percentage: 0.045%
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== Data gated out: 6681.78662109375 s
Percentage: 0.033%

0 50 100 150
Days since 2023-05-24 16:15

200

delta-sigma cut

Ao and o distributions in 2023-05-24 16:15 — 2024-01-16 08:11 with/out Ao cut

X104

B All data
I Data after |Ao|/o outlier cut

e comparing estimator uncertainty using
noise PSDs from:;

- current segment

- averaged over neighboring
segments.

T—

0.0 0.2 0.4 0.6 08 10

|Ao|/o

output of pygwb using publicly available O4a data
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Data Quality

Frequency-domain cut (Notching)

* Notching

- narrowband deviations from Gaussianity arXiv:2606.05959

- exclude problematic frequency bins

These bins contributed to the peak in the O4a results
» Strict notching (hewly introduced) and were identified through the new procedure

Oda a = 5 peak ad hoc investigation
PSD(f) ) Baseline: H-L !

StdRatio(f) = std ( Median(PSD(F)

671-681 H
741-751 Hz
770-790 H

- Following up previous results:

650 675 700 725 750 775 800 825
Frequency [HZ]

> |dentify additional noise features. a posterior no longer exhibits the peak which
was reported in O4a
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Magnetic noise budget

| = 04b-0O4cl budget

| | | | | |
— (1-0O4cl 20 PI Curve
= (J4a budget

- 20—041}) —04cl

B
Frequency [Hz]

magnetic noise budget
arXiv:2608.23477
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Data Quality (Correlated magnetic noise)

Joint magnetic and stochastic analysis

Qow(f10) = Q F (f) + Qyac(f | Opmac)

log,oBN"C = —0.185 £ 0.003

log,¢Br TMAY = — 0.400 £ 0.004

arxiv:2608.23477
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ReSUItS arXiv:2608.23477

Frequentist analysis

Qow(f) = Qe ( 25];12 )

A

o f;?)(l%—04a [HZ] Q01—04a,/10—9 S%4(17‘5—0401 [HZ] QO4b—O4c1/10—9 9%}%—04c1 [HZ] QOl—O4c1/10—9
0 64.7 1.1+4.8 53.3 0.3+4.9 56.2 0.7+3.4

2/3 87.6 0.44+3.6 84.2 —0.14+3.9 86.3 0.21+2.6
3 329.9 —0.3=x0.6 347.9 —0.3+0.7 338.2 —0.3=x0.5

Bayesian analysis

log;g#B = — 0.518 = 0.009 for Gaussian prior

log ;0B = — 0.573 £ 0.010 for uniform prior

Uniform prior

Log-uniform prior |

Qo 01-04cl | O1-O4a |Improvement | O1-O4cl | O1-O4a |Improvement
0 74x1079]1.1x 1078 1.5 2.8 x1079[3.9x 1079 1.4
2/3 5.5 % 107% (7.9 x 107° 1.4 2.0x 1079 | 2.8 x 107° 1.4
3 7.5 10719]1.0 x 10~° 1.3 2.6 x 10719/3.6 x 1010 1.4
Marginalized| 1.1 x 1078 [1.7 x 1078 1.5 2.7x 1072 | 4.1 x 1079 1.5
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Resu Its arXiv:2608.23477

A detection of the CBC background remains within reach under the projected O5 sensitivity

-S| EEE BBH E=E NSBH
| B BNS

10-10] —— 01 04l B Estimated GWB O1 O4b
| —— 01-O4a - Estimated GWB O1-O4a
| === O5 target
o . — 5 . — s
f [He]

Predicted astrophysical GWBs from BBH, BNS and NSBH Combined estimate of CBC background and
at the 90% credible level projected OS5 sensitivity of the LIGO detectors
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Summary

o No GWB detection: Q
C.L.

(25Hz) < 2.8 x 107 for a = 0, log-uniform prior, 95%

ref

e Astrophysical implication: Q-5-(25Hz) = 6.3739 x 107! (90% credible interval).

e (b5 prospects: A detection of the CBC background remains within reach
under the projected O5 sensitivity
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