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Derek Davis: Observing Run 3
Sarah Caudill: Search and Detections

Zoheyr Doctor: Source Properties

John Veitch: Moderator B&
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Advanced LIGO and Advanced Virgo
llaria Nardecchia
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I . . .
s Gravitational wave interferometers
:—> End mirror

Best gravitational-wave hunter in the range 10Hz-10kHz;
Michelson interferometer operating at the dark fringe;
Fabry-Perot optical cavities in the arms; Suspended mirror
Fabry-Perot core optics: (
o Spherical mirrors |
o High-purity fused silica

(diameter 35 cm, mass ~ 40 kg) ‘
Squeezed

o Suspended by four fibers ~400 um thick Yiight njection

Signal recycling Photodetector
mirror

—» Input mirror

A v % ,:: 3 8

Power recycling

mirror |: :l

] Main laser
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Each detector is characterized by its sensitivity curve

Fibers
suspending the
mirror

Sensitivity curve

aLIGO Noise Curve: Pin =125.0 W
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Low frequency range:

— Thermal noise due to
the suspension system of the

mirror

=== Quantum noise

=== Suspension Thermal noise | ]
=== Coating Brownian i

=== Total noise
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JEe)/ Sensitivity curve

aLIGO Noise Curve: Pil1 =125.0 W

=== Quantum noise 1
=== Suspension Thermal noise | ’
=== Coating Brownian 1
== Total noise
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LIGBY/  Sensitivity curve

aLIGO Noise Curve: Pin =125.0 W

to the photons hitting
on them

Quantum noise

Low frequency:
— Radiation pressure:
isplacement of the mirrors due photon number fluctuation
detected by the photodiode

=== Quantum noise

=== Suspension Thermal noise
=== Coating Brownian

=== Total noise

High frequency:
— Shot noise:
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vikie/  Sensitivity curve

The sensitivity curve indicates the minimum detectable gravitational wave signal
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JHe8/ GW detectors’ network (so far)

LIGO Hanford
(Washington, USA)

Virgo
(Pisa, Italy)

LIGO Livingston
(Louisiana, USA)

LIGO-Virgo Webinar 2020-11-05 10
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At low frequency:
Residual noise is still a mystery.
Hypothesis: static charge of the mirrors
Discharging system installed.

e Excluded by further investigation.

At medium and high frequency:
Reduce the quantum noise:
By increasing the circulating power in the

[
detector:
o input power increased: 25 W — 40 W,
o end test masses with lower scattering
losses installed;
e By injecting squeezed light in the detector.

LIGO-Virgo Webinar 2020-11-05 11

From O2 to O3a: LIGO Livingston
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V,'éf? From O2 to O3a: LIGO Hanford

At low frequency: 107
e Residual noise is still a mystery.

‘ —02 best - BNS raﬂge 7 iVIpc‘ ]
——03a best- BNS range 109 Mpc

Hypothesis: static charge of the mirrors _10 ’ ]
e Discharging system installed Z o
e Excluded by further investigation. F
At medium and high frequency: 51"
Reduce the quantum noise:

e By increasing the circulating power in the
detector:
o input power increased: 30 W — 37 W,
o end test masses with lower scattering
losses installed;
o Input test mass with the worst
imperfection replaced.
e By injecting squeezed light in the detector.

i - Optical sysi‘ém producing squeeed
‘\ . . . .

End mirror discharging system light to be injected in the detector
LIGO-Virgo Webinar 2020-11-05 12 LIGO DCC G2001898



#He8/ From 02 to O3a: Virgo

At low frequency:
Reduce the thermal noise:

-

o
4
©

T 3
——02 best - BNS range 28 Mpc | |
——03a best - BNS range 50 Mpc | |

—

S
-
©

e By installing the fused silica suspensions: w
F10%
o Vacuum system upgrades to reduce =
dust contamination risk '§10-z1
n
At medium frequency:
Reduce the electronic noise:

e By installing high quantum efficiency
photodiodes
At high frequency:
Reduce the quantum noise:
e By increasing the circulating
power in the detector:
e input power increased: 10 W — 20 W,
e By injecting squeezed light in the detector.

| N
// -
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Operations and Data Taking
Derek Davis
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JESB/ Detector Sensitivity during O3a

Binary Neutron Star Range: The average distance that GWs from a binary neutron
star merger could be observed at a signal-to-noise ratio of 8
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LVC Catalog paper, arXiv:2010.14527
LIGO-Virgo Webinar 2020-11-05 16 LIGO DCC G2001898


https://arxiv.org/abs/2010.14527

V,RéG 02 vs O3a Sensitivity Comparisons

GWTC-2 Science Summary, 1ligo.org

—_
(&4
o
—
N

w02 — w02
(@]
0125 El O3a S1.04 El O3a
= 3
o A
201001 = e @ DG
< =
- e
& 75— =06
c 3
S )
sl - — Soa
> )
) =
B 251 S p— 20.21
c
=
0 - : 0.0° £ S
LIGO Livingston LIGO Hanford Virgo LIGO Livingston LIGO Hanford Virgo
Sensitive distance Sensitive volume

LIGO-Virgo Webinar 2020-11-05 17 LIGO DCC G2001898


https://www.ligo.org/science/Publication-O3aCatalog/

\,,RéG Detector Duty Factor and Uptime

Duty factor. Percentage of wall-clock time that each detector is observing
Uptime: Total amount of time that each detector is observing

0O3a Duty factor Uptime

Hanford: 1% 130 d
Livingston: 76% 139 d
Virgo: 716% 140 d

02 Duty factor Uptime
Hanford: 62% 157 d
Livingston: 61% 155 d
Virgo: 80% 20d

LIGO-Virgo Webinar 2020-11-05
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Network duty factor
[1238166018-1253977218]

B Triple interferometer [44.5%]
B Double interferometer [37.4%]

Single interferometer [15.0%]
B No interferometer [3.2%]

gw-openscience.org

O3a network duty factor
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https://www.gw-openscience.org/detector_status/O3a/

V,'é(? Data Quality Issues in GW Detectors

Normalized energy
0.0 2.5 5.0 7.5 10.0 125 15.0

Glitches: Short duration instrumental

artifacts that add excess noise to the e ‘ |
. ) 100 3 Original Data <
interferometer strain data {

Common sources of glitches include:
e Scattered laser light
e Thunder claps
e Earthquakes

100 Subtracted Data :
, |

Frequency [Hz]
)

|
When possible, we subtract glitches - |
with the BayesWave algorithm near GW 10 - ‘
. . . -1.0 -0.5 0.0 0.5 1.0
candidates for parameter estimation Time [seconds]

LVC Catalog paper, arXiv:2010.14527
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https://doi.org/10.1088/0264-9381/32/13/135012
https://arxiv.org/abs/2010.14527

V,,?G Rate of Glitches in each Detector

LVC Catalog paper, arXiv:2010.14527
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During O3a, the median rate of glitches is higher than in O2 at LIGO Livingston
and LIGO Hanford, and lower than in O2 at Virgo

The rate of glitches varies across the observing run due to changing
environmental factors and improvements to the detectors to address known

sources of glitches
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https://arxiv.org/abs/2010.14527
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_ .
L&Y/ Interferometer Calibration

The interferometers are modeled and
calibrated based on the response of the ;‘imal b i
interferometer (sensing) and the force all Fler |
applied to the test masses to keep the

interferometer stable (actuation)

Realtime interferometer control Calibration pipeline

A photon calibrator, a laser that pushes
on the test masses with a known force,
is used as an absolute reference

Measurements of the detector are used
to model the systematic uncertainty

E -8 LIl —— Vil e 1o Uncertainty ¢ Measurements

10! 102 10°
Frequency [Hz| Sun, et al. (2020)
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B8/ GW Event Validation

|__ ''''''' a ; aLIGO PEM SENSOR
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We use a large number of
sensors at each site to monitor
the environment and the
performance of the detectors

temperature sensor
3-axis magnetometer

n|—|-o

Guralp seismomet ter
electric field meter

optical lever i

Q

1-axis magnetometer
AOR radio receiver
single frequency radio
mains voltage monitor
infrasound microphone
wind speed

wind direction

RH  relative humidity
temperature

I &  rainfall

We investigate if there is any e
evidence that a candidate GW is (B wen] [ @ on s ® | (Blg EndX
actually a glitch

2yt &

Corner Station

NO Candidates in GWTC-Z Were CSCDS rer Mid X EXCDS """""""

ELECTONICSBAY |12 @ [5) . l l ELECTRONICS BAY

identified as not astrophysical P & T BLCLLELS

. . . m .?l'!‘l ! RH : “AM-; ECSHVACBAVE : RooF RH
based on these investigations ~  “Freee g - LI ikl X ¥
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Search and Detection
Sarah Caudill
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JHe8/  O3a Event Rate

Cumulative Count of Events
01 = 3, 02 =8, 03a =39, Total =50

We witnessed a steep increase in 50
event rate in O3a compared to O2. 01 02 0O3a
40
This is mainly due to the hard work @
between O2 and O3 to upgrade the E’so
LIGO and Virgo detectors. o
Given the increased sensitivity, the gzo
(&)

detection of 39 candidates in ~26

weeks of O3a is consistent with " f
GWTC-1. o
0
0 100 200 300 400 500
LIGO-G2001862 Time (Days) Credit: LIGO-Virgo Collaboration

LVC Catalog paper, arXiv:2010.14527
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https://arxiv.org/abs/2010.14527

veey/ Detection Pipelines

Offline Reanalysis

| Low-latency (s/min) (days/months) > time

5
[}
8 - Coherent WaveBurst Coherent WaveBurst
£
5 | 13 additional
~ candidates
GstLAL found in offline
analyses
o GstLAL
= J PyCBC
i)
PyCBC
= MBTAOnRIine y
SPIIR
N~ | 26 candidates reported
b in low-latency via GCN
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VIRG Modeled Searches

— L — Offline results from two matched-filter
51 5 searches are included: GstLAL & PyCBC

Template bank for GstLAL
e m,m, 1 - 400 solar masses

- A e m . 2 758 solar masses
X1,2 X S1,2 - L e (Anti-) aligned spin

jle-19  Aligned-spin waveform Template bank for PyCBC

2 e m. > 1 solar mass
c 1 A | 1
g_g VWMWY “\“U\mWWUW\)WMW e m__ <500 solar masses

o e mass ratio < 98
([

(Anti-) aligned spin
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A
viee?/ Unmodeled Searches

Offline results from one unmodeled Wilson-Daugich(i;esr-]Meycir V\\//vavell3et trtansform
. use onheren avepurs
search are included: Coherent _ y -
N -
WaveBurst |
%..102_—
Search for transient GW signals g
without a specific waveform model. Lo 104
Sensitive to stellar mass BBHs with 105
high chirp masses but not low chirp ST . 1698

90 92 94 96 98 100
mass events. Time [s]

Necula,et al. Journal of Physics (2011)

Search requires coincidence between
at least 2 detectors.
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https://iopscience.iop.org/article/10.1088/1742-6596/363/1/012032/meta

JHed/ Search Pipelines

Beyond the initial trigger, search Not only are the detectors better, the
pipelines also rely on: search algorithms are better too:
e Detector coincidence and time e GstLAL analysis of single, double
delay and triple detector candidates
e Signal and noise morphology e Improvements to GstLAL ranking
e Characterization of data quality statistic
e Multivariate ranking statistics e PyCBC BBH-focused search with

improved ranking statistic

LIGO-Virgo Webinar 2020-11-05 28 LIGO DCC G2001898



V.Rm Significance Estimation

Events in GWTC-2 passed the false alarm rate (FAR) threshold of 2 per year. This
means we could have ~3 false alarms mixed in our event list.

To guide us, we include statistical measures of the false alarm rate and probability
of BBH astrophysical origin.

FAR = N(A > A¥) Pastro - for events consistent with
Thked BBH from Poisson mixture
Number N of background events with model formalism
ranking statistic A higher than A* Farr, etal. (2015)

LIGO-Virgo Webinar 2020-11-05 29 LIGO DCC G2001898



AG

Name Inst. cWB GstLAL PyCBC PyCBC BBH
FAR (yr~!) SNR* FAR (yr™') SNR pastro FAR (yr™!) SNR* pastro FAR (yr™) SNR* pastro
GW190408.181802  HLV < 9.5 x 107* 14.8 < 1.0x107° 14.7 1.00 <2.5x107° 13.5 1.00 < 7.9x107° 13.6 1.00
GW190412 HLV < 9.5x107%19.7 < 1.0x107°18.9 1.00 <3.1x107°17.9 1.00 < 7.9x107°17.8 1.00
GW190413 052954 HLV — - - - - = - 72x1072 86 0.98
GW190413_134308 HLV — - 3.8x107" 100 0.95 - - 44x1072 9.0 0.98
GW190421-213856 HL3.0x10™' 93 7.7x107* 10.6 1.00 1.9 x 10° 102 0.89 6.6x107° 10.2 1.00
GW190424 180648 L 7.8x 107" 10.0 0.91
GW190425 v 7.5x 1074 13.0 -
GW190426.152155  HLV — - 1.4 x 10° 10.1 - - -
GW190503.185404  HLV 1.8 x 10~ 11.5 < 1.0x107° 121 1.00 3.7x 1072 122 1.00 < 7.9x107° 122 1.00
GW190512.180714  HLV 88 x 107! 107 < 1.0x107°123 1.00 3.8x107™° 122 1.00 <57x107°122 1.00
GW190513.205428  HLV — - <1.0x107°123 1.00 3.7x107* 11.8 1.00 <57x107°11.9 1.00

GW Event Summary

VIRG

Table IV contains candidates with FAR < 2 per
year. Unlike GWTC-1, a cut was not applied.

Dastro

Candidate events highlighted in red are the most

GW190514 065416 HL — - - - = = - 53x1071 83 0.96
. . GW190517.055101  HLV 6.5x 10~® 107 9.6 x 10~ 10.6 1.00 1.00 <5.7x107510.2 1.00
GW190519.153544  HLV 3.1x 10~% 140 < 1.0x 1075 12.0 1.00 1.00 <5.7x107°13.0 1.00
llkely to be noise. GW190521 HLV 2.0i 107* 144 12x 1X0—3 14.7 1.00 093 - : - -
GW190521.074359 HL < 1.0 x 107* 247 < 1.0 x 107° 24.4 1.00 1.00 <5.7x107°24.0 1.00
GW190527 092055 HL — - 62x1072 89 0.99 = ~ ~
Bold Cand |dates were not preVIOUSIy repo rted GW190602.175927  HLV 1.5x 1072 111 1.1x10~° 121 1.00 15x1072 114 1.00
- GW190620.030421 LV 2.9x107%" 10,9 1.00
GW190630-185205 v < 1.0x107° 15.6 1.00
GW190701.203306  HLV 5.5x 107*  10.2 1.1x107% 11.6 1.00 = - —
1 1 H GW190706222641  HLV < 1.0 x 1073 12.7 < 1.0 x 107° 12.3 1.00 1.00 < 4.6x107°12.3 1.00
A” Slg n |f|Cant Cand Idates except GW1 90425 can GW190707-093326 HL - - < 1.0x107%13.0 1.00 1.00 < 4.6x107°12.8 1.00
Hr GW190708.232457 LV 2.8 x107°" 13.1 1.00
be classified as BBH, although GW190814 has EvieTpaTET - - e C lexi® 80 om
. . GW190720.000836  HLV — - < 1.0x107% 11.7 1.00 1.00 < 3.7x107°10.5 1.00
some am b|g u |ty GW190727.060333  HLV 88x 1072 114 < 1.0x107°12.3 1.00 1.00 <3.7x107°11.8 1.00
GW190728.064510  HLV — - <1.0x107°13.6 1.00 < 1.6x107° 134 1.00 < 3.7x107° 13.4 1.00

GW190731_140936 HL - -
GW190803.022701 HLV - -
GW190814 LV < 1.0x107° 22.2 1.00

GW190828.063405  HLV < 9.6 x 107* 166 < 1.0x 107° 16.0 1.00 < 1.5x 107" 15.3 1.00 < 3.3x 107° 15.3 1.00
GW190828.065509 ~ HLV - - <1.0x107%11.1 1.00 58x107° 108 1.00 < 3.3x107°10.8 1.00
GW190909.114149 HL 1.1x10° 85 0.89

GW190910.112807 LV 1.9x 10751 13.4 1.00

GW190915235702  HLV < 1.0x 1073123 < 1.0x107°13.1 1.00 86x10™* 13.0 1.00 < 3.3x107°12.7 1.00
GW190924.021846  HLV — - <1.0x107°13.2 1.00 <63x107°125 1.00 < 3.3x107°124 1.00
GW190929 012149 HLV — - 20x1072 99 1.00 - - - - - -
GW190930-133541 HL - - 58x 1071 10.0 0.92 34x1072 9.7 100 3.3x1072 98 0.99

28x1071 82 0.96
27x1072 86 0.9

21x107! 85 097 - = =
32x1072 9.0 0.99 - = =

Candidate events highlighted in yellow were
found in only one detector. Thus they have larger
uncertainties in the FAR.

LVC Catalog paper, arXiv:2010.14527
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https://arxiv.org/abs/2010.14527

Source Properties
Zoheyr Doctor
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V,k'/g Estimation of Source Parameters
(ﬁ\d) oc p(d|d)m ()

Source Parameters #: Masses (m,, m,) and 3-D dimensionless spin vectors (y,,x,)
of the two coalescing objects, luminosity distance, sky position,...

Data d: Strain in all operating detectors

Likelihood: Gaussian in residuals between strain data and model

: Uniform in detector-frame masses ([1+z]m,, [1+z]m,, where z is redshift), uniform
in dimensionless spin magnitude, isotropic in spin orientations. Distance prior

proportional to uniform rate density in comoving frame.
LIGO-Virgo Webinar 2020-11-05 32 LIGO DCC G2001898
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We perform analyses
with multiple waveform
models and with
different physical effects,
e.g. spin precession,
higher-mode emission

LIGO-Virgo Webinar 2020-11-05

Waveform Models

Combined key Waveform name Precession Multipoles (¢, |m|)
ZeroSpinIMR* IMRPhenomD X (2, 2)
AlignedSpinIMR SEOBNRv4_ROM X (2,2
IMRPhenomHM x 2,2), (2, 1), (3,3),(3,2), (4, 4), (4,3
AlignedSpinIMRHM R @2, (288515, 96 6 )
SEOBNRv4HM_ROM x 2, 2), (2, 1), (3, 3), (4, 4), (5, 5)
SEOBNRv4P 2,2),(2,1
PrecessingSpinIMR v v 22,21
IMRPhenomPv2 v (2,2)
IMRPhenomPv3HM v (22,21, 33), 63 2),4A4),43)
PrecessingSpinIMRHM ~ NRSur7dq4 v £<4
SEOBNRv4PHM v 2,2), (2, 1), (3, 3), (4, 4), (5, 5)
IMRPhenomD_NRTidal X (2, 2)
. o TEOBResumS X (2, 2)
AlignedSpinTidal’
SEOBNRv4T surrogate X (2, 2)
PrecessingSpinIMRTidal’ IMRPhenomP _NRTidal (2, 2)
AlignedSpinInspiralTidal’ TaylorF2 X (2,2)
SEOBNRv4_ROM_NRTidalv2_NSBH X (2, 2)
AlignedSpinIMRTidal NSBH
IMRPhenomNSBH X (2, 2)
LVC Catalog paper, arXiv:2010.14527
33 LIGO DCC G2001898


https://arxiv.org/abs/2010.14527

LVC Catalog paper, arXiv:2010.14527

vieee/ Source Parameters

» < - e ¢
GW190412 -4 + DG — - 4
GW190413.052954 @>— - —alm e —~
GW190413.134308  <@>— < - —— —
GW190421.213856  @— < —_— —— ——
G\\:1904211_180648| o— | - —_— —t- }’_
e \We make estimates of the source parameters G s ¢ | B ey
i ltipl form avieases FESHN TS - - B
fOf' evel’y event US|ng mu |p e wave (‘:\\t1;)0513:205428 < - —% - _O_—O
models. rerd - B B B B
GW190519_153544 < < % < <
e LALlInference, Bilby, and RIFT samplers used & o o 8
d terior samples -l B B B N
sW190602_175¢
to pro uce pOS erio p ) G\\’1906201)30421 < @ —— o
. . . . (;:-\\:190630_185205 - < g —@- -
e Fiducial results are combined posteriors under g > | |- = —<><>_ <_}<><>
different waveform models. ibuifed - - W
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GW190425: Both components of mass <

3M,. Consistent with binary neutron star
merger.

GW190426_152155: Highest FAR event.
One component with mass < 3M_.
Parameter estimates consistent with
neutron-star-black-hole merger.

GW190924 021846: Of m2>3M© systems,

lowest total mass system and lowest
component mass.

1.0 | T | T
‘ GW190425 | \ \‘ AN |
e il
0.8 Il Q | | ‘ \ \ H ' i
"
(l é [ ! \ ( I i ) I\ |
g LR U
o 067 5 \ LICALIRLA
T : VN
® 04 “\
S \ ‘ M GW190521
o
024 5/ ~
;7 GW190412
N,” ~N° Ea
&/  Gowio0426_152155 ~ GW190814 M =3M
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total mass (solar masses)

GW190814: m, < 3M_, spin of more
massive object constrained to near zero.

LIGO-Virgo Webinar 2020-11-05

GW190412: confidently unequal mass merger, but not
necessarily most unequal mass merger with m, > 3M_

because of broad g posteriors on other events.

GW190521: likely from most massive system and most
massive component black hole
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P LVC Catalog paper, arXiv:2010.14527
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In some cases we find
tighter constraints on
the spin of the more
massive merger
component.
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1.0

e Afew systems where posterior on effective
precession spin parameter 0, (measure of
spin in orbital plane) differs from the prior.

e More massive component in source of
GW190814 has small spin magnitude, and
therefore we infer small effective precession
spin parameter.

e Mild evidence for spin precession in sources

of GW190412 and GW190521.

e No systems with strong evidence of
precession with the models considered in this
work.

LVC Catalog paper, arXiv:2010.14527
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V.Rm 3D Sky Localizations

e Afew O3a GWs from much large distances than seen in O1/02!

o Sources of GW190413_134308, GW190514_065416, GW190521, GW190706_222641,
GW190719 215514, and GW190909 114149 have estimated luminosity distances of ~ 5 Gpc
(z~0.75).

GW190814 is the best localized event:;

o Localized on sky to 19 sq. deg. (90%
credible region)

o Localized to co-moving volume of 3.2 X
107 Gpc? (90% credible region)
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\,.RéG 3D Sky Localizations

e Afew O3a GWs from much large distances than seen in O1/02!

o Sources of GW190413_134308, GW190514_065416, GW190521,
GW190706_222641, GW190719_215514, and GW190909_114149 have estimated
luminosity distances of ~ 5 Gpc (z ~ 0.75).

e (GW190814 is the best localized event:

o Localized on sky to 19 sq. deg. (90% credible region)

30°

o Localized to co-moving volume of 3.2 X 10° Gpc3 (90%

e GW190424 180648 is the worst localized event:

-30°

o 26,000 sq. deg. credible sky area, 31 Gpc? localization v¢
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Outlook
John Veitch
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VIR

uelh/  Astrophysical Implications

Population-level analyses of all-GWTC-2 reveals
e BBH mergerrate Rppy =23.91%%° Gpe=3yr—!
e BNS mergerrate Rpns = 320729 Gpe3yr—!

—240

e Evidence that BBH mass distribution not a simple power law
e Statistical evidence for relativistic orbital precession (and

mis-aligned spins)

Potential for studies of redshift evolution, standard siren
cosmology, stellar evolution models.

Webinar on 12th November
Population Properties of Compact Objects from the Second
LIGO-Virgo Gravitational-Wave Transient Catalog

Preprint: dcc.ligo.org/LIGO-P2000077/public, arXiv: 2010.14533
LIGO-Virgo Webinar 2020-11-05 44
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LVC Populations paper, arXiv2010.14533
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JHed/ Tests of General Relativity

Compact binary coalescence allows us to observe strong
gravitational effects that probe GR in strong field, and test GW  }”

LVC TGR paper, arXiv2010.14529

(.0
L

0.5 1.0 1.5
L 1

)
1

propagation

P(AM;/M;)

Tighter constraints on Lorentz violation
Graviton mass m, < 1.76 x 107> eV/c?

Tests of BH ringdowns

(14 2)M /M,

25 70.0

115

GW polarisation tests
~2x better constraints on post-Newtonian coefficients
Tests of post-merger object: ringdowns, echoes

Uses multiple events, and multiple waveform models!

Axe/ X

Webinar on 19th November
Tests of General Relativity with Binary Black Holes from the
second LIGO-Virgo Gravitational-Wave Transient Catalog
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————————
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Preprint: dcc.ligo.org/LIGO-P2000091/public arXiv: 2010.14529 ~°
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AG

VIRG Data Release

Entire GWTC-2 Transient Catalog available from
WWW.QW-openscience.org

Strain data for all events

Detection statistics (false-alarm-rate)

Sky localisation maps

Parameter Estimation Samples for all waveforms

Paper Data Release

e Search sensitivity injection set
e Data behind figures

Available from dcc.ligo.org/LIGO-P2000061/public
— see referenced documents
LIGO-Virgo Webinar 2020-11-05 46

Example from Event Portal:
GW190707_093326

Documentation
Version: v1
All Versions: v1

GPS: 1246527224.2

UTC Time: 2019-07-07 09:33

Release: GWTC-2
GraceDB: S190707q
GCN: Notices e Circulars
Timeline:

ery for segments

DOI: https://doi.org/10.7935/99gf-ax93

Data sourced from frame channels.

FrameChannels: [ H1:DCS-CALIB_STRAIN_CLEAN_CO1, L1:DCS-
CALIB_STRAIN_CLEAN_CO1 ]

Data sourced from frame types:

FrameTypes: [ H1_HOFT_CO01, L1_HOFT_CO1 ]

To open GWF files, use channels names as shown for GWTC-1:
https://doi.org/10.7935/82H3-HH23

pycbc_highmass Search Pipeline

show / hide parameters

< 4.6e-05

far (1/yr)

network_matched_filter_snr 12.8

LIGO DCC G2001898

H1 strain

32sec » 16KHz:
32sec » 4KHz:
4096sec » 16KHz:
4096sec » 4KHz:

L1 strain

32sec » 16KH:
32sec o 4KHz:
4096sec » 16KHz:
4096sec » 4KHz:

GWF
GWF
GWF
GWF

G

GWF
GWF
GWF



http://www.gw-openscience.org
http://dcc.ligo.org/LIGO-P2000061/public
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Cumulative #Events/Candidates
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-
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Cumulative Count of Events and (non-retracted) Alerts

01 =3, 02 =8, O3a = 39, O3b = 23, Total = 73

O1 02 O3a// O3b
| — _.—I—J

LIGO-G2001862

Time (Days)

Credit: LIGO-Virgo Collaboration

dcc.1ligo.org/LIGO-G2001862
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O3b

Remainder of O3 [October 2019 - April
2020] still being analysed.

e 23 public alerts released in
real-time

e Expanded catalog expected
mid-2021

04

Detectors still under commissioning,
some delay (TBD) from covid-19.

KAGRA plans to join O4!

LIGO DCC G2001898


https://dcc.ligo.org/LIGO-G2001862

Thanks for listening!

Questions?
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