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GW and terrestrial detectors

e Gravitational Waves: ripples in the spacetime metric generated by the acceleration of masses, propagating at
the speed of light, cause the the space itself to stretch/compress

* Michelson interferometers with Fabry-Pérot cavities in the arms, operating on dark fringe
* Observable: h(t) — “strain”. d.=hL A km-long arms (h~1021)

L BNS range
e Sensitive in the ~10Hz — ~kHz frequency band O4a (237.0d) . &
— LHO (160 Mpe) — LLO (160 Mpc)
ETM,, _18 . RPN AN N
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GW terrestrial detectors
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LIGO-Virgo-KAGRA (LVK) network, evolving to IGWN




The LVK network

e 04 ongoing since May 2023, until November 2025

e Data are made public after an embargo period

e Data, results and explanations available on GWOSC CWOSC
4 )
Updated Q1 O2 03 04 05 _ BNSrange

2025-07-16

80 100 100-140 150 -160+ 240-325 /

Mpc  Mpc Mpc Mpc Mpc
LIGO— B ] - I 7

30 40-50 50-60 70-130
1 Mpc Mpc Mpc Mpc - - - -
Vlrg 0 i’ I O4a2923 Mf':\y 24 to 2024-Jan-31
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See https://observing.docs.ligo.org/plan/
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LIGO-Virgo-KAGRA physics program

Transient GW signals Persistent GW signals

e Compact Binary Coalescences (CBC) — modelled e Continuous emission from rotating neutron stars




Outline

Version 4 of the Gravitational Waves Transient Catalog (GWTC-4)

Population Properties of Merging Compact Binaries with GWTC-4
GW231123: a Binary Black Hole Merger with Total Mass 190-265 Mg

More results in backup
e Constraints on the Cosmic Expansion Rate with GWTC-4
e GW230814: investigation of a loud gravitational-wave signal observed with a single detector
e GW250114: testing Hawking's area law and the Kerr nature of black holes

* GW230529: Observation of Gravitational Waves from the Coalescence of a 2.5-4.5 My Compact Object
and a Neutron Star

Status of O4 current observations and expectations for future results

Looking ahead after O4




GW Transient catalogs

e List of detections for transient GW signals \

e Several analyses (pipelines) participate to the search :

e CBC modelled searches use matched filtering techniques with large pre-calculated
collections of waveforms (“template banks”)

* Unmodelled searches look for excess of power in time-frequency representations of
strain data

Table 1. Candidate GW signals from O4a with a FAR < 1yr~! in at least one analysis and for which pastro > 0.5.

Candidate Inst. ‘ cWB-BBH GstLAL MBTA PyCBC

FAR SNR Pastro FAR SNR Pastro

FAR SNR  Pastro FAR SNR  Pastro

Vo) T T A

\ GW230518_125908 HL ‘ - - - ‘< 1.0 x 1075 13.7 > 0.99 ‘ <1.0x107% 141 > 0.99 | 7.1x107% 13.6 >0.99

Focus on important concepts

SNR: signal-to-noise ratio as found in
data

FAR: Rate at which we would expect
a similar SNR trigger coming just
from noise

P-astro probability of the candidate
to be of astrophysical origin




GW Transient catalogs

e List of detections for transient GW signals
Search sensitivity, estimated on simulation

e Several analyses (pipelines) participate to the search : shows pipelines complementarity

e CBC modelled searches use matched filtering techniques with large pre-calculated
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GW Transient catalogs

List of detections for transient GW signals

Several analyses (pipelines) participate to the search :

e CBC modelled searches use matched filtering techniques with large pre-calculated
collections of waveforms (“template banks”)

Unmodelled searches look for excess of power in time-frequency representations of
strain data

Table 1. Candidate GW signals from O4a with a FAR < 1yr~! in at least one analysis and for which pastro > 0.5.

S

Candidate

Inst. ‘

CcWB-BBH

GstLAL

MBTA

PyCBC

FAR
yr )

SNR Dastro

FAR
GrhH

SNR Pastro

FAR
G

FAR
oY

SNR Pastro

SNR Dastro

\ GW230518_125908 HL ‘ - - - ’< 1.0 x 1075 13.7 > 0.99 ‘ <1.0x107% 141 > 0.99 | 7.1x107% 13.6 >0.99 /

/ e Data around each candidate is analyzed with Bayesian inference
techniques to determine astrophysical sources properties

\

GW230601224134

\_

e

——.—ﬂ

M [M)] q Xeff Xp Dy, [Gpc]
2 5 10 20 50 100 200 0.1 0.3 1 -1 0 1 0 0.5 1 0103 1 3 10 30
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-

s

Search sensitivity, estimated on simulation
shows pipelines complementarity
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GW Transient catalogs

O1 02 O3a O‘Sbo;;GK O4a
Z N AN s GWTC-4 Catalogs are cumulative, GWTC-4
7 3 g o3 covers all data taken before
+ +H |GWTC:1
------ January 315t 2024 (O4a)
1.1 Mpc . . .
GEO Z N\ TR ZZ 04 still ongoing until November
0;-7iwpc 18th 2025. Additional data will be
KAGRA | ’ collected in GWTC-5 and GWTC-6
80 Mpc iaaflii 160 Mpc
LHO
70 Mpc 100 Mpc 160 Mpc
LLO
30 Mpc
Virgo |

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 https://gwosc.org/
Event Portal
GWTC-4 candidates + O4a strain (and auxiliary) data
released on August 26 2025
See more details and explanation in

GWTC
Transient Catalog

( )


https://arxiv.org/abs/2508.18079

GWTC-4 catalog

GWTC-4.0: An Introduction to Version 4.0 of the Gravitational-Wave Transient Catalog
(ArXiv:2508.18080)

Will appear in
GWTC-4.0: Methods for Identifying and Characterizing Gravitational-wave Transients AplL as a focus
: issue
(ArXiv:2508.18081)
(also including
- .
GWTC-4.0: Updating the Gravitational-Wave Transient Catalog with Observations from the First Part of the Fourth companion
LIGO-Virgo-KAGRA Observing Run interpretation
THE LIGO SCIENTIFIC COLLABORATION, THE VIRGO COLLABORATION, AND THE KAGRA COLLABORATION pape rs)

(ArXiv:2508.18082)



https://arxiv.org/abs/2508.18080
https://arxiv.org/abs/2508.18081
https://arxiv.org/abs/2508.18082

GWTC-4 catalog

Masses in the Stellar Graveyard

LIGO-Virgo-KAGRA Neutron Stars

;;;;;

........




GWTC—4 What’s neW? ArXiv:2508.18082

Masses in the Stellar Graveyard



https://arxiv.org/abs/2508.18082

GWTC-4 catalog

e 128 additional compact binary coalescence
candidates identified by at least one search
algorithms with p-astro > 0.5

* Detailed source property for 86 of these, with
FAR< 1 yr-1

e Two consistent with NSBH (GW230518 125908 and
GW230529 181500), others BBH

* Median BH mass in BBHs from 5.79 My (GW230627)
to 137 My (GW231123)

e Two candidates with SNR>30 (GW230814,
GW231226)

Effective inspiral spin Y

Mass ratio g

— GW230518.125908
=== GW230529_181500

ArXiv:2508.18082

—= GW230814230901
GW231028_153006

— = GW231118.005626
=== GW231123_135430
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https://arxiv.org/abs/2508.18082

dR/dm; [Gpe™? yr—' M3

Populations of compact objects

ArXiv:2507.08219

* General: population results depends on assumptions. Different approaches, from strongly
modeled (e.g. FULLPOP) to weakly-modeled (e.g. BGP).

103 4

1014

102

—— FuLLPoP-4.0
—— BGP

10 12 14

—— B-SPLINE, GWTC-4.0
——— BROKEN POWER LAw + 2 Peaks, GWTC-4.0
------- PowER Law + PEAK, GWTC-3.0

NSBH transition region

* Peaks at NS masses D1.5 Mg and at BH masses
D9 Mg on each side of the lower-mass gap.

* A completely empty gap between NSs and BHs
is disfavored.

BHs (m>3 N) population in BBH systems
* Global peak at 10 Mg
* Feature at 35 My

e Additional structure non conclusive



https://arxiv.org/abs/2507.08219

Populations of compact objects

ArXiv:2507.08219

Effective spin (mass-weighted average of component spins aligned orbital momentum) and
precessing in-plane spin component

xeff distribution peaked at zero and asymmetric with more support for positive values

[D20-40% of the BBH population has spins which are more than 90 degrees misaligned with
the orbital angular momentum.

Precession present at population level, precise results analysis dependent

Skewnormal Effective Spin,
GWTC-4.0

Gaussian Effective Spins,

(More results for
spins, and CBC
rates in backup)



https://arxiv.org/abs/2507.08219

GW231123

* Merger of two BH of masses 137 ad 103 Mg , dL [0.7-4.1] Gpc, z=[0.15-0.66], SNR~22

Both BH highly spinning ~0.9 and ~0.8

Significant waveforms systematics (A large uncertainties)

Alternative scenarios to BBH cannot be ruled out

Ringdown analysis supports remnant BH hypothesis

Hanford Livingston
140
— Combined
. == NRSur e
1201 — Gwigos21 N
— e PRD /,,v’
10.0 100 v
p < T
7:5 =y
E 3 80 \
'E‘ ~
5.0 g
25 60
—0.10 —0.05 0.00 0.05 0.10 -0.10 -0.05 0.00 0.05
; ; 40
Time [s] Time [s] =
50 100 150
——  Whitened data BBH Template Reconstruction (Bilby) Wavelet Reconstruction (BayesWave) cWB Reconstruction m 1[;\[ ]

ArXiv:2507.08219
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https://arxiv.org/abs/2507.08219

LVK O4 is still ongoing

GCN and SCIMMA
e Typical latency <1 minute
e Early warning alerts for systems involving a NS

e Alerts for systems involving sub-solar mass
compact objects

* 160 new candidates since the end of O4a

e All explanations here

4k IGWN | Public Alerts User Guide

Primer on public alerts for astronomers from the LIGO, Virgo, and KAGRA gravitational-wave observatories.

fowNPublicalens userGade | |GO/Virgo/KAGRA Public Alerts User Guide

Getting Started Checklist

Observing Capabilities

Data Analysis

Alert Contents

Ve

Sample Code e AN Ayl i E b
. |

Additional Resources b " [emas

| .
\ P Forrs
WTEGAAL
Early-Warning Alerts ‘
Change Log 3 A .
Glossary _Z

Until November 18, alerts for transient candidates on GraceDB and distributed through

:f\"l- GraceDB PublicAlerts ~ Latest Search Documentation Login

LIGO/Virgo/KAGRA Public Alerts

= More details about public alerts are provided in the LIGO/Virgo/KAGRA Alerts User Guide

= Retractions are marked in red. Retraction means that the candidate was manually vetted and is no longer considered a candidate of interest.

= Less-significant events are marked in grey, and are not manually vetted. Consult the LYK Alerts User Guide for more information on significance in O4.
= Less-significant events are not shown by default. Press "Show All Public Events" to show significant and less-significant events.

04 Significant Detection Candidates: 240 (267 Total - 27 Retracted)
04 Low Significance Detection Candidates: 4772 (Total)

Show All Public Events

Page 1 of 18. next last »

SORT: EVENT ID (A-Z)

EventID Possible Source (Probabilty) Significant Location A Comments

Sept. 29, 2025 GCN Circular Query . .

S250929c  BBH (98%), Terrestrial (2%) Yes codeep o iper1253dyears
00:27:32 UTC Notices | VOE SNAEF
Sept. 27, 2025 GCN Circular Query 2| .

S250927cy  BBH (96%), Terrestrial (4%) Yes L...0...: 16768 peryear
17:30:41 UTC Notices | VOE 4

Stay tuned:
O4b data to be released December 2025

O4c data to be released May 2026



https://gracedb.ligo.org/
https://gcn.nasa.gov/
https://scimma.org/
https://emfollow.docs.ligo.org/userguide/

Looking ahead

e O5 (and post-05) schedules are being reassessed and are unclear due to budget constraints in the
USA and Europe

Updated Oo1 02 03 04 05
2025-07-16
80 100 100-140 150 -160+ 240-325
Mpc  Mpc Mpc Mpc Mpc 2030s 2040s
LIGO § B [ B 77
30 40-50 50-60 70-130 3'd generation
i Mpc Mpc Mpc Mpc . c -
Vlrgo f T 11 s . projects (Einstein
Post-O5 projects Telescope,
0.7 1-3 =10 25-128 . .
Mpc Mpc  Mpc Mpc (A#, Virgo_nEXT) Cosmic Explorer)
KAGRA | . 7222

! I I I I I I I I I I I I I I I

G2002127-v32 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031




Looking ahead

* Ground-based detector community preparing for next generation

e Two projects in preparatory phase: Einstein Telescope (Europe),
Cosmic Explorer (USA)

* Ambitious scope to observe until redshift ~20, O(10°) CBCs per year,
with BHs of masses up to 10* Mg (depends on low frequency
sensitivity). Better sensitivity: higher statistics and better
characterization of signals.

» Scientific exploitation starting in the late 2030s and lasting for ~50

years

1072
N
W e

—

ET: underground, one single observatory.
Triangular (10-15 Km), xylophone
configuration (cryogenic for low-
frequency)

1022 4

—_—

Strain [[1/VHz]]

[
(=]
|
<]
w

10-24 4

S AL CE two L-shape surface detectors (20
107 § wmm ETLF == ETD
E . - . and 40 Km), room temperature
10! 10° 10 10
Frequency [Hz] NB designs still under discussion !




Conclusions

e The LIGO-Virgo-KAGRA fourth observing run O4 is ongoing until November 2025

e First third of the data has been recently made public, doubled the number of GW
detections, with some exceptional events.

e For the moment in O4, no BNS detection and no EM counterpart
e More O4 data will be made public by May 2026, many more results to come

e Upgrade plans for the detectors, that would highly increase the sensitivity
(~5 times more expected CBC detections), are now being assessed

» 34 generation detectors are in their preparatory phase




Additional slides

Additional slides



- —— FuLLPoP-4.0
—— BGP

dR/dmy [Gpe™® yr 1M

Populations of compact objects

e General: population results depends on assumptions. Different approaches, from
strongly modeled (e.g. FULLPOP) to weakly-modeled (e.g. BGP).

NS-BH transition region

* Peaks at NS masses D1.5 Mg
and at BH masses D9 My on
each side of the lower-mass

gap.

e A completely empty gap
between NSs and BHs is
disfavored.

ArXiv:2507.08219



https://arxiv.org/abs/2507.08219

POpU‘atiOnS of com pact Obj@CtS ArXiv:2507.08219

’ BHS (m>3) pOpUIation in BBH ——— B-SPLINE, GWTC-4.0
systems | A oo e o

Global peak at 10 My LRI | T

* Feature at 35 Mg B
» Additional structure non g g
CO n Cl u Slve o 0 | 1;:] 2|0 Sb 40 5|0 ﬁb ?'.{] 80 90

my [M@]

7 — awross) e Results consistent with GWTC-3
Tgs 10°

| . =22 e Improved constraints over
| whole mass spectrum



https://arxiv.org/abs/2507.08219

Populations of compact objects

Mass ratio in BBH systems

e Qverall consistent with GWTC-3

* Allowing for correlations between mass ratio and primary mass
* BHs D35 My tend to be in symmetric systems
e BHs D10 Mg preferentially merge with lighter BHs.

103
w=_ B-SPLINE, GWTC-4.0
== BROKEN POWER LAW + 2 PEAkKS, GWTC-4.0
—_— o | Power Law + PeAK, GWTC-3.0
— 2
| 10° 5
T
-
1 .
o
o
o |
g 10
107 4
'U 4
10—1 ’ A .
0.0 02 0.4

ArXiv:2507.08219

EXTENDED BP2P
1|]1 Peak 1, ~10Mg,
== Peak2, ~35M_,
Broken Power Law
|] - I ey R
10 e
=10 / ----- T
| 4
|
10—2 I||.... /r/, ..........
| H
Y /
10-3 -
0.0 0.2 0.8 1.0
IsoLATED PEAK
ll]l 4 O [ e T e
Continuum
107 -
—~
-~
2, 10—1 .
10724
103

0.0 0.2

0.8 1.0



https://arxiv.org/abs/2507.08219

Rates of CBC

BBH merger rate evolves with redshift consistently with the star formation rate

Depends on the assumptions on mass/spins models

* Non-zero rates in the lower mass gap and PISN mass gap

Table 2. Merger rates in units Gpc™> yr~

BNS rate ~2 times smaller wrt GWTC-3 results

! in different mass ranges, according to the FULLPOP-4.0 and BGP models.

ArXiv:2507.08219

mi1 € [1, 25] M@
ma2 € [1, 2.5] Mo

BNS NSBH BBH NS-Gap

mi1 € [25,5] M@

BH-Gap Full

my > 2.5 M@ mi > 2.5 M@ m1 > 2.5 M@ m1 > 1 M@

me € [1, 25] My moe >25Msy ma€ [1,2.5] My mag € [2.5, 5] My moe >1Mg

FULLPOP-4.0 89755 23729 197 6.7+92 9.5+34 130+1%0
BGP 49+ 3! 30151 1977 154 L5775 110%53°
Merged 7.6-250 9.1-84 14-26 1.2-61 0.2-6.3 49-300
SiMPLE UNIFORM BNS 13-170 - - - - _



https://arxiv.org/abs/2507.08219

Cosmology

* GW detection A measurement of luminosity distance

» Different methods to constrain H,
e Bright sirens: Redshift information from EM counterpart (only for GW170817)

e Spectral sirens: infer jointly compact objects population features (mass) and cosmological parameters
* Dark Sirens: supplementing the spectral siren method with additional redshift information from galaxy

surveys (here use GLADE+)

e Using a subset of highly significant events from GWTC-4
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0.015
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o bt ¢
o o
g &
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0.0051

Planck
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Bright siren
Spectral sirens
Dark sirens

Dark + bright sirens
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This work 4

Abbott et al. 2021 |

Apd, Vol. 909, No2

Abbott et al. 2023 7
ApJ, Vol. 949, No2 |

Mastrogiovanni et al. 2023

PRD, Vol. 108
Gray et al. 2023 |

JCAP, Vol. 12

This work |

Bright siren

=== Dark + bright sirens

ArXiv:2509.04348

=== Spectral + bright sirens

GW17(
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—————————— 1
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I
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! Planck
Ade et al. 2016
ABA, Vol. 534
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Riess et al. 2022 i

ApJL, Vol. 934
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GW230814

GR, so non conclusive

Frequency [Hz]

8

g

v
=

-

t=110 [s]

-0.3 -02 0.1 0.0 0.1

{

Whitened Data

BBH Template Reconstruction (NRSur + Bilby)

-~ Wavelet Reconstruction (BayesWave

)

Single-detector trigger, loudest in O4a (SNR~42)

first confident detection of an £ = |m| = 4 mode in the inspiral phase

156

1072 4

1073 -

10_4’:
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Detailed tests of waveform consistency with general relativity

e GWI170817 (FTD)

* GW230814 (FTI)
O GWTC-2 (TIGER) o GWI70817 (TIGER) +r GW230814 (TIGER)
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Hints for deviations from GR in post-merger signal also observed in realistic simulations assuming
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e “Vanilla” BBH from O4b, SNR~80

e Test of Hawking area law (total area of the black hole event horizon cannot decrease with time)

e Loud signal allows to compare the remnant and initial areas excising the merger cycles where
gravity is strongest and most dynamical

Hanford, Washington (LHO) Livingston, Louisiana (LLO)

LHO data ‘ LLO data
—10- B Waveform model reconstruction J | Waveform model reconstruction
B Wavelet reconstruction ’ B Wavelet reconstruction
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GW2305295

e Single-detector NSBH candidate

* Primary mass confidently smaller than 5 Msun. Most
likely a BH, but NS cannot be excluded

e Primary object has a high, anti-aligned spin (negative at
83% probability)

* No significant constraint on tidal deformabilities

e Not an outlier wrt previous population constraints (also
remember other notable events: GW190814 secondary
mass, GW200115 primary mass)

50% area: 8,431 deg®
90% area: 24,534 deg®
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Strongly modeled Mass models

e FULLPOP-4.0: Models the mass spectrum of all CBCs simultaneously with
appropriate power-law and peak components. Also allows for a gap between the
most massive NS and the least massive BH.

e BROKEN POWER LAW + 2 PEAKS: The primary mass distribution has a broken
power law continuum between a minimum and maximum mass, plus two
Gaussian peaks aroundD10 Ms andD35 Ms . The distribution of mass ratio q is
a power law between some minimum value and 1.

e EXTENDED BROKEN POWER LAW + 2 PEAKS: The mass-ratio power-law is allowed
to differ between primary masses in the continuum and in the 35 MS peak.




Strongly modeled Spin models

e GAUSSIAN COMPONENT SPIN: The spin magnitude population is a Gaussian
truncated over the physical range XN [0,1). The distribution of cosine spin tilts
relative to the orbital angular momentum includes an isotropic (i.e., uniform)
component and a truncated Gaussian component.

 GAUSSIAN EFFECTIVE SPINS: The joint xeff—xp effective spin distribution is a
bivariate Gaussian allowing for correlations.

e SKEW-NORMAL EFFECTIVE SPINS: The xeff marginal effective spin distribution is
skew normal, truncated to [-1,1].




Weakly modeled models

e B-SPLINE: Fits the astrophysical distribution as a separable joint distribution with
one-dimensional basis splines. Large numbers of basis functions allow for
flexibility, with difference-based priors imposing smooth evolution a priori.

e BINNED GAUSSIAN PROCESS (BGP): Assumes a fixed binning scheme and infers
the event rate under the assumption of a constant rate within each bin, and a
Gaussian process prior imposing smooth covariance across bins.




CBC waveforms

107%%)

GW waveforms for Compact Binary Coalescences assume general relativity and use different techniques

(analytic approximation for inspiral, numerical relativity for merger, perturbation theory for ringdown)

Compact object: BH, NS. CBC types: BNS, BBH, NSBH

Waveforms depend on compact objects properties (masses, spins, tidal deformabilities..) and extrinsic
parameters (source distance, orbital inclination wrt observer..) and are affected by the Universe expansion

Amplitude scales (at first approximation) with total massand inverseof distance
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Populations of compact objects

=== Default, GWTC-3.0

Gaussian Component
Spins, GWTC-4.0

™\, |~ B-Spline, GWTC-4.0

Components spins

e Spin magnitude distribution has FEE
supportatx =0

e Spin tilt distribution may peak away N
from perfeCt alignment With the " ().':,) ().I‘_) (),I~l ().I(i ‘(;I‘\' 1.0
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LIGO Virgo KAGRA physics program

Transient GW signals Focus onh CBC

e Compact Binary Coalescences (CBC) — modelled

Coalescences of compact objects (BH, NS)
2015: 1st BBH detection

2017: 1st BNS detection

~200 confirmed events !

+ ~150 alerts since January 2025

e Other “bursts”, e.g. supernovae - unmodelled




Model-dependent searches
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Parameter Estimation

e Data around the detection analysed in more detail
with resource-demanding Bayesian inference
algorithms

* Waveform depends on a large number of intrinsic
(mass, spin..) and extrinsic (position, distance)
parameters

e Often we’re mostly sensitive to a combination of

parameters from the two compact objects (chirp mass,

total mass, effective spin, effective tidal
deformability..)

Mo (mam2)*
(m1 + m2)1/5
m1S1 cos(61) + maoss cos(6s)
Xeff =

m1+m2

q« S """"“"I = R
- . cy
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CBC searches
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A lower mass gap?

* Dynamical mass measurements of X-ray binary Phys. Rev. X 13, 011048 (2023)
systems within the Milky Way suggests a drop
(absence?) of compact objects in the range 3-5 M, . oy
BGP

* The lower mass gap would separate NS
(maximal mass ~2.5/3, depending on the EoS)
from BH (minimal mass ~5 from stellar evolution)
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* Previous GW observations are in general agreement
with a reduction of the number of observed events
in the lower mass gap.

e But..
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http://journals.aps.org/prx/abstract/10.1103/PhysRevX.13.011048

A look at O4

e We provide alerts for all low-significance CBC events with FAR<2/day (generating only notices), and significant ones
(FAR<1/month — notices and circulars).

* Typical alert latency < 1 minute. Information is possibly refined within 5 minutes. Updates follow ~hours later (after
human vetting, and possibly with refined skymap).

Terrestrial | <1%

Summary information of all pipelines that

Probability of e
detected the event as significant

being of
astrophysical

origin (1-
NSBH | 0% Terrestrial)

Per-Pipeline Event Information

and source UID § Group § Pipeline § Search % gpstime $ FAR(Hz
BNS | 0% classification G451504 CBC spiir AllSky 1383483120.464 8.102e-08
G451505 CBC MBTA AllSky 1383483120.457 1.344e-09
Source property G451506 CBC pycbe Allsky 1383483120.463 3.168e-10
HasMassGap | 0% - G451508 Burst cwB BBH 1383483120.465 6.563e-11
HasNS | 0% assuming the G451502 CBC gstlal AliSky 1383483120.464 7.030e-25
HasRemnant | 0% signal is

astrophysical
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