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Linear Optimal Filter
h(t) d(t) = h(t) + n(t)
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e(t) = }[(d(t)) h(t)

h(f
minimize £ K (f) o — f) GO () = 5 8¢~ FIS(F)
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Jé_)l clél- 'Lél t—'l (M atched Filte r) PhysRevD.85.122006

00 §(f)R o SN[RT(N],, _ .
x(ty) = 2 [1 ) TR df = 4R [0 —— e g2t f
1. Template amplitude
2. Coalescence phase |We do not know
3. Masses y to=0,¢0 =0

. +o0 SN AT (H)] ;
° Z(to) — xre(to) T lxim(to) — 4‘f0 Sn(j}) > esztodf

The best matched value for unknown phase is the modulus of z(t,)

[l
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Jc\j clél- 'Lél t—'l (M atched Filte r) PhysRevD.85.122006

* We need template banks to find matched masses

o |h 2
0'%” — f ‘ : Mpc,m(f)‘ df SNR at 1 Mpc template
0 A\ (f)

* If signal comes from D,(r of template wavetorm m, then
50 =n(0) + 5 hanapem(®) (2, (10)) = 1Mpe 07,/ Deg

|Zm(t)| O-m

pm(f) = Amplitude of SNR Deff — MpC

O-m pm




Purpose of FINDCHIRP

The goal of the FINDCHIRP algorithm 1s largely to con-
struct the quantity p,, () and to identify the values of the
parameters t,, ¢, and m that maximize it.

It is highly unlikely to be p,, > 1, for stationary Gaussian noise.
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PyCBC Workflow

Get Data

Place template bank
Matched filter
Coincidence
Calculate significance
Evaluate efficiency
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SNR Time series
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« GstLAL: Gstreamer from LALSuite

« MBTA: Multi-Band Template Analysis
« PyCBC Broad

- PyCBC BBH

 SPIIR

TS

« c(WB: Coherent Wave-Burst

2024-07-31 2024 =X MO E 8 SO fE<tn 35



Public Alert System

GraceDB

: (events database)
Analysis

Pipelines
gstlal
PyCBC

GCN
Detectors Preliminary
H1
L1
V1

K1

GWCelery

- GCN
Initial Notice

MBTA
SPIIR

GCN
Initial Circular

Low Significance Events : 1/Month < FAR < 2/Day(CBC)
1/Year < FAR < 2/Day(Burst)

4
-
Significance Events : FAR < 1/Month(CBC) 5

. ~So
FAR < 1/Year(Burst) Rapid Response Team Retraction

2024-07-31 2024 2K ATH2 9 F3m} @%I!FV Online PE(PE-Rota)
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=3 22 (Public Alerts)

GCN: The Gamma-ray Coordinates Network (TAN: Transient Astronomy Network)

()  https://gcn.nasa.gov Ay 0 B8 @ C 4% = o B @

EE An official website of the United States government Here’s how you know v

General Coordinates

Network Missions Notices Circulars Documentation Signin / Sign up

GCN Circulars are now part of the new GCN! See news and announcements
Transient

' Large ' / /// =
MISS!%HS .l. //// ////

NASA's Time-Domain and
Multimessenger Alert System

Medium
M}ssions

SmaIISats

| General Coordinates

GCN distrib'utes aler'ts betwe'en_space- and-ground-based \ ‘ Network (GCN)
observatories, physics experiments, and thousands of ' —

astronomers around the warld.

i
Cherenkov <54
Telescopes

Start streaming GCN Notices ~ Post a GCN Circular

Obtical Neutrino
Telescopes @ potectors
L

The General Coordinates Network (GCN) is a public collaboration platform run by NASA for the astronomy research community to share alerts
and rapid communications about high-energy, multimessenger, and transient phenomena. For more information, see What is GCN? or check out
our slide deck @.

There are three ways to stream GCN Notices in real time:



2024-07-31

B https://gcn.nasa.gov/circulars A Ty

EE An official website of the United States government Here's how you know

General Coordinates

Network Missions Notices

GCN Circulars are now part of the new GCN! See hews and announcements

GCN Circulars

Circulars

Documentation

Signin/ Sign up

GCN Circulars are rapid astronomical bulletins submitted by and distributed to community members worldwide. They are used to share

discoveries, observations, quantitative near-term predictions, requests for follow-up observations, or future observing plans related to high-

energy, multi-messenger, and variable or transient astrophysical events. See the documentation for help with subscribing to or submitting

Circulars.

Search for Circulars by submitter, subject, or body text (e.g. 'Fermi GRB').

To navigate to a specific circular, enter the associated Circular ID (e.g. 'gen123), 'Circular 123, or '123').

34231

34230.

34229

34228.

34227

34226.
34225.
34224,
34223.
34222,
34221.

34220

34218.
34218.
34217.
34216.

. Swift GRB230720.30: Global MASTER-Net observations report

IPN triangulation of GRB 230715D

. Swift Trigger 1180063 is not a GRB

Swift Trigger 1180060 is not a GRB

. Swift Trigger 1180055 is not a GRB

GRB 230718A: Final Localization Correction

GRB 230718A: Fermi GBM Final Real-time Localization

Fermi Gamma-ray Burst Monitor trigger 711329677/230717982 is not a GRB

IPN triangulation of GRB 230712C (short)

IPN triangulation of GRB 230712A (short)

LIGO/Virgo/KAGRA S230708z: Updated Sky localization

. GRB 230717A: Fermi GBM Final Real-time Localization

LIGO/Virgo/KAGRA 5230715bw: Retraction of GW compact binary merger candidate

Fermi trigger No 711088412: Global MASTER-Net observations report

GRB 230715A: Fermi GBM Final Real-time Localization

Fermi GRB 230713A: Global MASTER-Net observations report

38



LVC Event Information

(LVC Event Information (nasa.gov), https://gcn.gsfc.nasa.gov/Ivc_events.html)

&< O () https://gen.gsfc.nasa.gov/lve_events.html

LVC Event Information

O1 and O2 era:

This page contains the Notices ONLY for the "G" and "GW" events that LVC has released to the public.

These G/GW events occurred during the O1 and O2 science operations intervals which was a private-phase mode of operation

(.e. Notices were sent to only those sites that had an MOU with the LVC).

As the LVC publishes on each GW event, the Notices for that event are moved from the private portion of the GCN to the public portion.

(Please note that for the next science operation (O3, starting in early 2019), the Notices (& Circulars) are immediately public and distributed without the need of an MOU.)

Post O2 Further Release to Public:
Two of the four GW events mentioned in the Dec 01, 2018 press release have been moved to this public page: G296853(=GW170809) and G298936(=GW170823).

O3 era:
During ER14 and O3, the events released to the public will be prefixed with and "S" (for "Super events").

This page changes after each Notice, so hit your <reload> button NOW.

This table contains information about LVC Triggers and the potential Counterparts found in follow-up observations.
The most recent Notice is listed first (reverse time order).

2024-07-31 2024 TX|SUHE X THU U
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https://gcn.gsfc.nasa.gov/lvc_events.html

https://emfollow.docs.ligo.org/userguide/ A Y8

w\h« IGWN | Public Alerts User Guide @® Q Search

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

'GWN [Public flenis UserGuide 1 |GO/Virgo/KAGRA Public Alerts User Guide /

Getting Started Checklist

Observing Capabilities

Lightcurve from Fermi/GBM (50 — 300 keV)

Data Analysis w < s Sian
LIGO/ S e
Yirgo -~
Alert Contents . ' 3
Sample Code s '
o —0 EJ
Additional Resources ® & *| [orawsa
IPN Fermi /
INTEG! u
¥>Early-Warning Alerts . *
Change Log . . g -l
Glossary s

Welcome to the LIGO/Virgo/KAGRA Public Alerts User Guide! This document is intended for both
professional astronomers and science enthusiasts who are interested in receiving alerts and

Question? Issues? Feedback?

Email emfollow-
userguide@support.ligo.org real-time data products related to gravitational-wave (GW) events.

Four sites (LHO, LLO, Virgo, KAGRA) together form a global network of ground-based GW
detectors. The LIGO Scientific Collaboration, the Virgo Collaboration, and the KAGRA
Collaboration jointly analyze the data in real time to detect and localize transients from compact
2024- binary mergers and other sources. When a signal candidate is found, an alert is sent to
astronomers in order to search for counterparts (electromagnetic waves or neutrinos).



« > O 22 gracedb.igo.org B a » £ o

@ LSC - LIGO Scentifi.. 4y WebHome < CBC... [ KAGRA ‘e Gmail @3 YouTube B A= [ LUGO [0 F37H| O 2 =02

N‘J"rlr GraceDB Public Alerts ¥ Latest Search Documentation Login

Please log in to view full dotobase contents.

GraceDB Overview

The Gravitational-Wave Candidate Event Database (GraceDB) is a service operated by the LIGO Scientific Collaboration. It provides a centralized location

for aggregating and retrieving information about candidate gravitational-wave events. GraceDB provides an API for programmatic access, and a client
package is available for interacting with the APL.

Useful information

* Information about GW dalerts and real-time data products is available in the LIGO/Virgoe Public Alert Guide.
* Real-time status of the LIGO Data Grid (LVK Credentials Required).
* Need help? Send an email to computing-help@ligo.org, or LIGO/Virgo users can report issues on the GraceDB Gitlab page.

GraceDB Notifications
GraceDB notifies registered users of Gravitational-Wave candidate detections in real-time during LIGO/Virgo/KAGRA observation periods. Current
notifications mechanisms are:

* Phone alerts (calls/SMS) are enabled

¢ Email alerts are enabled

e igwn-alert messages to katka://katka.scimma.org/ are enabled
o Messages are sent to group: gracedb

Server code version: 2.28.8-1

2 @ uco[IEB) (12 VIRED KACRA 1



‘V".I'Jfr GraceDB Public Alerts ¥ Latest Search Documentation Login

Please log in to view full dotabase contents.

L atest as of 28 July 2024 22:03:34 UTC

Test and MDC events and superevents are not included in the search
results by default; see the query help for information on how to search for
events and superevents in those categories.

Query: ‘

Search fur:‘ Superevent v

Tap on entry for detailed information

Created ~

52407250

5240723b

5240722i

5240722f

FAR [Hz)
DQOK LOW_SIGNIF_LOCKED EM_READY PASTRO_READY SKYMAP_READY EMBRIGHT_READY 1.989e-
LOW_SIGNIF_PRELIM_SENT EM_COINC 05
EM_READY EMBRIGHT_READY SKYMAP_READY LOW_SIGNIF_PRELIM_SENT DQOK LOW_SIGNIF_LOCKED 1.376e-
PASTRO_READY 05
PASTRO_READY EMBRIGHT_READY LOW_SIGNIF_PRELIM_SENT DQOK LOW_SIGNIF_LOCKED EM_READY 2.713e-
SKYMAP_READY 06
DQOK EMBRIGHT_READY LOW_SIGNIF_LOCKED SKYMAP_READY EM_READY LOW_SIGNIF_PRELIM_SENT 1.986e-

PASTRO_READY EM_COINC 05

2024-07-25
06:43:43 UTC

2024-07-23
03:32:42 UTC

2024-07-22
12:29:49 UTC

2024-07-22
09:50:31 UTC



Cumulative Count of Events

PRX’I3 041039(2023) 90 01 =3, 02 = 8, O3a = 44, O3b = 35, Total = 90
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The grawtatlonal -wave story

1916 Einstein
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https://arxiv.org/abs/2111.03606

= LIGO Scientific Collaboration & Virgo Collaboration 2021, The
Xl 2k | ._I.l.l_. population of merging compact binaries inferred using
= L gravitational waves through GWTC-3. arXiv:2111.03634

”gap MQ_EF'
Mnin high Mmax
i

my = m; by definition (—]

mp(m|A)
Secondary mass, m; (Mg)

107 101 102
Component mass, m (Mg)
Farah, A., Fishbach, M., et al. 2022, Bridging the Gap: Categorizing
Gravitational-wave Events at the Transition between Neutron Stars and
Black Holes. Astrophys. J., 931, 108. doi:10.3847/1538-4357/ac5f03
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https://arxiv.org/abs/2111.03634
https://doi.org/10.3847/1538-4357/ac5f03

IGWN Observing Plans 24 May 2023 for 18Months.

(IGWN | Observing Plans (ligo.org), https://observing.docs.ligo.org/plan)
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https://observing.docs.ligo.org/plan/

Current Observations
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Nat. Rev. Physics, May 2021

Box 1 | Fundamental questions addressed through gravitational-wave
observations

* What is the physics of stellar core collapse? How often do core-collapse supernovae
occur?*’#55?
* What is the equation of state, and what are the radii, of neutron stars**"'*'?

* What are the multi-messenger emission mechanisms of high-energy transients
(gamma-ray bursts and kilonovae)”*"?

* How do binary black holes of tens of solar masses form and evolve******?

* How did super-massive black holes at the cores of galactic nuclei form and evolve,
and what were their seeds and demographics***?

* Are black hole spacetimes as predicted by general relativity*°?

* Are there any signatures of horizon structure or other manifestations of quantum
gravity accessible to gravitational-wave observations™’?

* |s dark matter composed, in part, of primordial black holes, or must it be composed
solely from exotic matter such as axions or dark fermions?**?

* What is the expansion rate of the Universe’**?
* What is the nature of dark energy”**?

* |s there a measurable gravitational-wave stochastic background due to phase
transitions in the early Universe? If so, what were its properties”"'?

* How does gravity behave in the strong/highly dynamical regime®*'°*?7
* Do we live in a Universe with large extra dimensions'*?

* Are black holes, neutron stars and white dwarfs the only compact objects in our
Universe, or are there even more exotic objects'*"?


https://www.nature.com/articles/s42254-021-00303-8.pdf
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from pycbc.waveform import td_approximants, fd_approximants
# List of td approximants that are available

I (td_ ' 0)
pyC b C | m p | e m e n tat I O n S ;Li:tp(z‘r?:;)?fximants that are currently available

(fd_approximants())

TD waveforms

TaylorT1', 'TaylorT2', "TaylorT3' 'SpinTagIorTT, 'SpinTaylorT4', 'S inTa)ﬁIorTS', 'PhenSpinTaylor’, 'PhenSpinTaylorRD', 'EOBNRv2’,
EOBNRv2HM", "TEOBResum ROM' 'SEOBNRv1', "SEOBNRv2', 'SEOBNRv2 opt', 'SEOBNRvV3', 'SEOBNRv3 pert’ 'SEOBNRv3_opt',
'SEOBNRv3_opt rk4', 'SEOBNRv4', 'SEOBNRv4 opt', 'SEOBNRvV4P’, 'SEOBNRVAPHM', 'SEOBNRV2T', 'SEOBNRV4T’,

'SEOBNRv4_ROM_NRTidalv2', 'SEOBNRv4 ROM NRTidalv2 NSBH', "HGimri', 'IMRPhenomA’, 'IMRPhenomB', 'IMRPhenomC’',
'IMRPhenomD’, 'IMRPhenomD_NRTidalvZ", 'IMRPhenomNSBH', 'IMRPhenomHM' 'IMRPhenomPv2', 'IMRPhenomPv2_ NRTidal’,
'IMRPhenomPv2_NRTidalv2', TaylorEt', 'TaylorT4', 'EccentricTD', 'SpinDominatedWf', 'NR_hdf5', 'NRSur7dg2’, 'NRSur7dg4’,
'SEOBNRv4HM', 'NRH bSurédq ' "IMRPhénomXAS', 'IMRPhenomXHM', 'IMRPhenomPv3’, 'IMRPhenomPv3HM', TMRPhenomXP,
'IMRPhenomXPHM', 'TEOBResumS', 'IMRPhenomT", 'IMRPhenomTHM" "IMRPhenomTP', '(MRPhenomTPHM', 'TaylorF2', _
'SEOBNRy1 _ROM EffectlveSﬂln', 'SEOBNRv1_ROM_DoubleSpin’, 'SEOBHRVZ ROM EffectiveSpin', 'SEOBNRv2 ROM_DoubleSpin,

'EOBNRv2 ROM',"EOBNRv2HM_ROM', 'SEOBNRvZ_ROM_DoubleSpin_HI', 'SEOBNRv4_ROM', 'IMRPhenomD_NRTidal', 'SpinTaylorF2’,
‘TaylorF2NL', 'SpinTaylorF2_SWAPPER']

FD waveforms
['EccentricFD' 'Ta IorEZ'l'Ta%IorF2Ecc',l ‘TaylorF2NLTides' 'T%KIIorF2RedS in', "TaylorF2RedS inTidaI'Rgﬁ/inggylorFZ' 'EOBNRv2_ROM',

EOBNRvZHM_ROM', 'SEOBK EffectiveSpin’, 'SEOBNRv1_ROM_DoubleSpin’, 'SEOBNRv2 fectiveSpin’
'SEOBNRv2_ROM DoubleSpin’, 'SEOBNRv2_ROM DoubleSpin HI''Lackey Tidal 2013 SEOBNRv2 ROM? ‘'SEOBNRv4 ROM!,
'SEOBNRV4HM_ROM', 'SEOBNRv4_ROM_NRTidal; 'SEOBNRv4 ROM_NRTidalv2" 'SEOBNRv4 ROM_NRTidalv2_NSBH",
'SEOBNRvAT_surrogate’, 'IMRPhenomA', 'IMRPhenomB', 'IMRPhenomC', 'IMRPhenomD’, 'IMRPhenomD_NRTidal’, .
'IMRPhenomD_NRTidalv2', 'IMRPhenomNSBH', 'IMRPhenomHM' 'IMRFihenomP', 'IMRPhenomPv2', 'IMRPhenomPv2_NRTidal',
'IMRPhenomPv2_NRTidalv2', 'SpinTaylorT4Fourier', 'Spin Surdd2s’, 'IMRPhenomXAS', 'IMRPhenomXHM'
'IMRPhenomPv3” 'IMRPhenomPv3HM', 'IMRPhenomXP'| 'IMRPhenomXPHM 'SmegonrFZ SWAPPER', ‘TaylorF2NL 'TalylorFZ_INTERP',
'SEOBNRv1_ROM_EffectiveSpin_INTERP', 'SEOBNRv1_RO Y | P’ 'SEOBNRvZ ROM._EffectiveSpin_INTERF,
'SEOBNRv2_ROM_DoubleSpin_INTERP', '"EOBNRv2_ROM_INTERP', 'EOBNRv2HM_ROM_INTERP",

'SEOBNRv2_ROM _DoubleSpin HI_INTERP', 'SEOBNRv4 ROM INTERP', 'SEOBNRv4', 'IMRPhenomC_INTERP', 'IMRPhenomD_INTERP',
'IMRPhenomPv2 INTERP', 'IMRPhenomD NRTidal INTERP', 'TMRPhenomPv2_NRTidal_INTERP’, 'SplnTaonrF'Z_INTERP',

‘TaylorF2NL_INTERP', 'SpinTaylorF2_SWAPPER_INTERP']
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enum  Approximant { 0 0
TaylorT1, TaylorT2, TaylorT3, TaylorF1, LALSImlnSplral’h

K — e . .
E I I O EccentricFD, TaylorF2 |TaylorF2Ecc, |TaylorF2ZNLTides,
3 —I o TaylorR2F4, TaylorF2RedSpin, TaylorF2RedSpinTidal, PadeT1,

PadeF1, EOB, BCV, BCVSpin,
SpinTaylorT1, SpinTaylorT2, SpinTaylorT3, SpinTaylorT4,
SpinTaylorT5, SpinTaylorF2, SpinTaylorFrameless, SpinTaylor,
PhenSpinTaylor, PhenSpinTaylorRD, SpinQuadTaylor, FindChirpSP,
1 07 Wavefo rmS FindChirpPTF, GeneratePPN, BCVC, FramefFile,
AmpCorPPN, NumRel, NumRelNinja2, Eccentricity,
PO St_ N eWtO n ia n EOBMFR, EOBNRwv2, EOBMRvZHM, EOBENRv2_ROM,
EOBMPRvZHM_ROM, TEOBResum_ROM, SEOBENMRv1, SEOBNRvZ,
SEOBMRvZ_opt, SEOBNRv3, SEOBMNRv3_pert, SEOBNRv3_opt,

TI m e - d O m a I n SEOBNRv3_opt_rk4, SEOBNRv4, SEOBNRv4_opt, SEOBNRv4P,

. SEOBNRv4PHM, SEOBENRv2T, SEOBMRv4T, SEOBNRv1_ROM_EffectiveSpin,
F req u e n Cy— d O m a I n SEOBNRv1_ROM_DoubleSpin, SEOBNRv2_ROM_EffectiveSpin, SEOBNRv2_ROM_DoubleSpin, SEOBNRv2_ROM_DoubleSpin_HI,
Lackey Tidal_2013_SEOBNRvZ_ROM, SEOBMNRv4_ROM, SEOBNRv4HM_ROM, SEOBMNRv4_ROM_NRTidal,
Tid al effects SEOBNRv4_ROM_NRTidalv2, SEOBNRv4_ROM_NRTidalv2_NSBH, SEOBMRv4T_surrogate, HGimri,
IMRPhenomA, IMRPhenomB, IMRPhenomFA, IMRPhenomFB,
IMRPhenomC, IMRPhenomD, IMRPhenomD_MRTidal, IMRPhenomD_MNRTidalv?,

S p N effe CtS IMRPhenomNSBH, IMRPhenomHM, IMRPhenomP, IMRPhenomPv2,

IMRPhenomPv2_NRTidal, IMRPhenomPv2_NRTidalv2, IMRPhenomFC, TaylorEt,
N R a p p rOXi m atio n TaylorT4, EccentricTD, TaylorN, SpinTaylorT4Fourier,
SpinTaylorT5Fourier, SpinDominatedWf, NR_hdf5, NRSurd4d?2s,
. NRSur7dqg2, NRSur7dg4, SEOBMRv4HM, NRHybSur3dq8,
EffeCtlve O ne BOdy IMRPhenomXAS, IMRPhenomXHM, IMRPhenomPv3, IMRPhenomPv3HM,
IMRPhenomXP} IMRPhenomXPHM ) TEOBResum5S, IMRPhenomT,
IMRPhenomTHM, IMRPhenomTP, IMRPhenomTPHM, NumApproximants
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https://www.gw-openscience.org/gps/

LIGO At=

* Discretely sampled time-series data
« Sampling rate (fs)
* h(t) — calibrated strain

« ALSO: hundreds of “auxiliary” channels ofets
* Recorded at 16384 Hz sample rate
* ~300 MB per hour

e Stored in .gwf “frame” files
e Also HDF5Hierarchical Data Format version 5) 05

[
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Strain
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https://www.gw-openscience.org/)

&« O (3 htips//www.gw-openscience.org/eventapi/html/allevents/ o & A 9% D & @ ¢ & iz b @

LIGO

Jireo) Gravitational Wave Open Science Center
S/

ﬁ Data~ Software~ Online Tools~ Learning Resources~ About GWOSC~

 New Search @ Help

Event List

= Toggle columns on/off with widget at right.

= Click an event name for all versions and more information.

= Values in the table below are from the Default SEARCH and Default PE cases found in the individual event's page.
= See Event Portal Usage Notes for more details.

List contains 181 events.

SORT: GPS « v -
Name \ Version Release GPS + Mass 1 (Mg) Mass 2 (Mo) Network SNR Distance (Mpc) Xeff Total Mass (M)
GW200322_09M133 v GWTC-3-confident 12689035113 - f;a G :75 oG ;Z — 272:;’ - S;S - ;’
GW200316_215756 v GWTC-3-confident 12684310941 1% ;zz 78 ;z 103 ;’7"' 120 :ZZ o ;’1207 . 275
GW200311_T15853 v GWTC-3-confident 1267963151.3 243 36; 277 ; ; 17.8 ;)22 70 jss 002 ; ;Z 619 fz
GW200311_103121 v GWTC-3-marginal 12679578997 - - 92 - - -
GW200308_173609 v GWTC-3-confident 126772418777 ey f;ez 138 ;2 71 s 55 5400 ;Zss 085 s; 506 ;O;
GW200306_093714 i GWTC-3-confident 12675226521 - ;7; s ;‘f . s; 100 ;120 0z sjs . f;‘;‘
GW200302_01581 v GWTC-3-confident 12671495095 e 8857 00 55; — s j 1480 ;ZZO ool s;j . :5

‘ +50 +28 +03 +510 +017 +36
‘GW200225_06042'| vl GWTC-3-confident 1266645879.3 193 40 140 560 125 o 150 <0 2012 008 335 40

55
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https://www.gw-openscience.org/eventapi/html/GWTC-3-confident/GW200322_091133/v1
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Gravitational Wave Open Science Center

Software~ Online Tools~ Learning Resources~ About GWOSC~

GW200322_091133

Documentation

Release: GWTC-3-confident

Event UID: GW200322_091133-v1

Names: GW200322_ 091133

GPS:1268903511.3

UTC Time: 2020-03-22 0911

GraceDB: S200322ab

GCN: Notices - Circulars

Timeline: Query for segments

DOI: https://doi.org/10.7935/b024-1886

Data sourced from frame channels.

FrameChannels: [ H::DCS-CALIB_STRAIN_CLEAN_SUB60HZ_CO1, L1:DCS-
CALIB_STRAIN_CLEAN_SUBB0OHZ_CO1, VI:Hrec_hoft_16384Hz ]

H1 strain

Frequency [Hz]

[RH 02 25

a3

0385

22 New Search

04 045 0s

Time [secends] from 2020-03-22 03:11:33 UTC (1268903511.0)

32sec - 16KHz: GWF

32sec - 4KHz: GWF

4096sec - 16KHz: GWF

4096sec - 4KHz: GWF

= =
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Dimensionless []
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Search vs PE

* SNR vs Likelihood
* Threshold vs posterior
» Template Bank vs no-template bank
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_____ Frequentist ___________lBayesan

Probability is: Limiting relative frequency Degree of belief
Parameter 6 is a: Fixed constant Random variable
Probability statements are about: procedures parameters
Frequency guarantees? yes no
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|dentical Experiments Data Process |  Parameters

19.7 o (8 TeV) + 5.1 b (7 TeV)

x10°F

a5k IE:MS S/(S+B) weighted sum
E &) & Data
ap

——— 5+B fits (weighted sum)

---------

Eoa =114703
05 m,=124.70 + 0.34 GeV

S/(S+B) weighted events / GeV
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Maximum Likelihood Approach

1. Formulate Likelihood function for some model, p(D|M)

2. Find the best parameter 8° maximizing p(D|M)

3. Determine confidence level of 8° using bootstrap, jackknife,
cross-validation

4. Perform hypothesis test




The Goodness of fit for a model
] o 1
InL = constant — 5 ; zf = constant — Exz zi = (xi—p)/o




Luminosity

Luminosity

11

11

—_
o

[correct errors]

X3, =0.96(—0.20)

[overestimated errors |

H
]

x3.,;=0.24(—3.80)

[underestimated errors]

Xoor = 3.84 (14 0)

[incorrect model]

X3, =2.85(9.10)

observations

observations

Observing fixed luminosity star
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What about confidence

 How to find confidence level of MLE values.
 Bootstrapping
* Jackknife



Bootstrapping

Random selections of the same sample size

Estimate the confidence level for measures values
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Jackknife

Random elimination of one sample

Estimate the confidence level for measures values
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The probability of the data given the model

o

HM(0)) = Hp(mM )

i=l1

Observe ; (x=w)°
X;: e 202
L \V2TTo

Likelihood is a function of x for given model

Likelihood is a function of model parameters for given data
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LH A (Inner Product)

h(f)
K X

. RN
. o d(f)b*(f
(alb) = 43 [;72DED 4
. w @) o A (H+a" (N
(alb) = 2% |_o. =iy 4= Jos SAFD i
* prlx(t)] o e XIX/2

« We can consider each frequency bin distributed as

1

ANf

* pxX(F)] =

Sx(f)

EEGIRY
e 2Sx(N/4

Af =

S

pPx[x(t)] o< exp s

(

NO| =




ts £ 2t==(Likelihood)

NS @2f T (o) B B 28
- BSFd7f If3 h(0) & EEPH}H, d
* p(d — h|8) = p(n|H)
afa(rj)-A(r )| "as
cpald(h) Rl = 5 s "

T afa(r))-R(r))| as
. S 2 Sn(f /4
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oy P(DIM) p(M]

B , | (th 7|’% a1 A|'|_—|E = =
- Bayes' rule(theore /
NEETE > /

p

p(D)
- D 20| Lot 7fdE B8 Ses 7|E
H=El ARE IS 2E2 0|0

- p(D|I)
p(M,0|I) = p(0| M, I) p(M|I)




>
H| 0| X| &1 =& 17"
b5k 4= p(D|6,M) B
=0 CiSE AFHZE B4 pg|M) B

> w o=

T [ N I
i AF=2HE 4{(MAP)
[ 7ts &= 8 4X(ML)

6_ f@p(@lD,M)dH marginalization
p(6|1D,M) = [p(6|D,M)d6’, EHE D7 ==0f CHSH M=
St



1

- Markov Chain Monte Carlo(MCMC) S
* Nested Sampling \

M= AHA{ HIEH
= OO oHd

Combine
samples

Sample
directly
[ )
MCMC ai
— |
® ®
Unknown
Posterior
- Break into
nested slices
S
Nested &
Sampling
2024-07-31

2024 4= K| AbCH

Sample from
each slice

Combine
weighted
samples

\

rh

7 = f p(6|D)dd

p(D]6)p(6)
p(D)

MNRAS 493, 3132(2020)

p(6]D) =

87


https://doi.org/10.1093/mnras/staa278

MCMC &12|S

« Metropolis algorithm

* Metropolis-Hasting algorithm
 Gibbs sampling algorithm

« Hamiltonian Monte Carlo

« Z27|Z4="&(Burn In)
- =& (Convergence)
« 232H(Mixing)

2024-07-31 2024 =X|MOIE & 5=

88



=2 HEAH L (parallel tempering)
« R VHO| OHE 718 2 & ARETHDG

1
sk SrE 2= ZESHL p(D|O)T, T > 1

. T __ (Network SNR)?
max — -
par
AL —_ O .
- I 2= A
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MCMC Sampling




A A0l & E|RUILf?
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A A0l & E|RUILf?

Gelman-Rubin: 1.02746
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ACL Definition

 Smallest s such that 1 + 235 R(k) < s

 LALInferenceMCMCSampler.c computeMaxAutoCorrLen()

|/

T, WO X O E A K E X =

=

Define ACL as the smallest s such that
1 + 2¥ACF(1) + 2*ACF(2) + ... + 2%ACF (M*s) < g,

the short length so that the sum of the ACF function
1s smaller than that length over a window of M times
that length.

The maximum window length is restricted to be N/K as
a safety precaution against relying on data near the
extreme of the lags in the ACF, where there 18 a lot
of noise.
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Integrated ACT

* C(1) = (X — W) Xpir — 1))

* g% = C(0) = ((X; — (X — 1))
. _ (@) AXt—w)Xeypr—u))
R(7) = co) o2

1
‘U= NZ{LV:lXt

* 07 () = (g — ) (g — W) = %2 (independent samples)




Integrated ACT

¢ 02(0) = (e = 10 (i — ) = 5[ 14 22057 (1-3) R(D)| =

0.2

WTint
N—-1 2
Tine = 1+ 2305 (1 1) R
* Tint = 1+ 22721 R(7) (Integrated Autocorrelation Time)
1+ 2XM R <7



Gelman-Rubin diagnostic

* M independent chains of size N
_ M 2 _2_ 1 @onN ' 2
* W= 2j=197, 0 = mzz’ﬂ(@f —Mj) | |
Average of the variances of each chain, underestimate true variance

since not reached to stationary distribution.

_ N M 2 _ 1M
'B—m j=1(.uj_ﬂ) ;H—M j=1Hj

Variance of the chain means multiplied by N.



Gelman-Rubin diagnostic

» Estimated Variance
e Var(8) = (1 —%)W +%B
overestimate true variance for overdispersed starting values.
» Potential scale reduction factor

« R = /Var(@ \/ ——+——




Nested Algorithm

« A Z(evidence) At

7= 5p(D|§,M)p(§|M)d§ = [ p(D, M, X)dX

XD =1 (016, M)

X(A1=0)=1,X(1= ) =0

2024-07-31 2024 £X|AHE 9 =m0 23t

Feroz et al. (2013)

p(D|6,M)p(6|M)dé,
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Algorithm 1: Static Nested Sampling

// Initialize live points.

Draw K “live” points{@®,, ..., Ok} from the prior 7 (®).

// Main sampling loop.

while stopping criterion not met do |

Compute the minimum likelihood £™" among thecurrent set of live points.
Add the kth live point @, associated with £™"to a list of “dead” points.
Sample a new point @' from the prior subject to the constraint£(®') > L™,
Replace ©; with ©'.

// Check whether to stop.

Evaluate stopping criterion.

end

// Add final live points.

while K > 0 do

Compute the minimum likelihood £™" among thecurrent set of live points.
Add the kth live point @, associated with £™"to a list of “dead” points.
Remove @, from the set of live points.

Set K = K — 1.
sia HE end

0.81 Increasing likelihood
0.4- threshold i
o T WY T 1 g T Y R W T W Y T W MNRAS 493, 3132(2020)

0 3 6 9 12 15 18

—InX
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https://doi.org/10.1093/mnras/staa278

Algorithm 2: Dynamic Nested Sampling

// Initialize first set of live points.
Draw K “live” points{@®y, ..., O} from the prior 7(O).
// Main sampling loop.
Set L™ = 0 and Ko = K.
while stopping criterion not met do
// Get current number of live points.
Compute the previous number of live points K and thecurrent number of live points K.
if K’ = K then
// Add in new live points.
while K’ > K do
Sample a new point @' from the prior subject to the constraintL(@’) > L£™in,
Add @’ to the set of live points.
Set K =K + 1.
end
// Replace worst live point.
Compute the minimum likelihood £™" among thecurrent set of K live points.
H f%_‘lﬂ 7+ &! E— Add the kth live point ®associated with £™"to a list of “dead” points.
Replace ©; with @',

else

0.8- N
Increasing likelihood // Iteratively remove live points.

0.4- threshold while K’ < K do |
. Compute the minimum likelihood £™" among thecurrent set of K = K’ live points.
0.0 | .! — — CUTNRINET e 0 Y I 1 Add the kth live point ®; associated with £™"to a list of “dead” points.
6 9 12 15 18 Remove @y from the set of live points.
—InX Set K =K — 1.
end
end

// Check whether to stop.
Evaluate stopping criterion.

end

// Add final live points. MNRAS 493' 3132(2020)

while there are live points remaining do
Compute the minimum likelihood £™" among thecurrent set of live points.

Add the kth live point @ associated with £™"to a list of “dead” points.
2024-07-31 202 Remove ®; from the set of live points.
end
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Nested Sampling
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https://arxiv.org/pdf/2101.09675.pdf

Iteratively replace live points Sampling
>  terminates

y_. r_"
v - . -

24 = - Add final
E | live points
o4 / / ;
2 :
- ' S S :
6 9 12 15 18
—InX
T §
-l Increasing likelihood ;
= g 0.4 - threshold
x5 :
—£0.0 ' : ; — :
0 3 6 9 12 15 18
—InX

o
)
o

Importance
Weight PDF
o
—

w

Likelihood density

Prior volume Posterior mass
T A )
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I_A I_S U ite(LALSuite: Main Page (ligo.org))

« C based LSC Algorithm Library Suite
* LALInferenceMCMC.c : MCMC Sampler
 LALInferenceNest.c : Nested Sampler

« RIFT(Rapid lIterative Fitting)
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https://lscsoft.docs.ligo.org/lalsuite/
https://github.com/oshaughn/RIFT_tutorials

Buildir 1J LALSuite from source
| Al Sl |te from Dependencie

Build tools

The following build tools will be needed to build LALSuite components from source

a C compiler with support for the C39 standard
« gutocont (building from git only)

» automake (building from git only)

+ make

» pkg-config

Library dependencies

For LAL the library dependencies are:

» GSL - The GNU Scientific Library.

+ FFTW - The Fastest Fourier Transform in the West.

» HOF5 - The HOFS library

« 7ZLIb - A Massively Spiffy Yet Delicately Unobtrusive Compression Library

Other subpackages need at least (but not limited to):

« IFramel- LIGOMNIrgo Frame library (needed for LALFrame)

+ CFITSIO - AFITS File Subroutine Library (needed for LALPulsar)
All Dependencies can be installed using an appropriate Package manager, you should not need to compile any of these yourself.

The Python layers for each subpackage will have extra reguirements that are not specified here.
2024-07-31 2024 X[ HOE 5 SH o F5t 106



LALSuite from source

Building from the git repository

The repository is hosted on the LIGO GitLab instance, please see the following computing guide page for details on accessing repositories hosted here. The LALSuite repository also utilizes
it-1£f= for the management of large file so please ensure that you have configured gis-1£= on your system.

You can then clone the repository using:
git clone gitlBgit.ligo.org:lscsoft/lalsuite.git

You can also clone using the hitps interface but the above S5H URL is recommended as this is more rebust:
git clone http=://git.ligo.org/lscscoft/lal=suite.git

If you are cloning anonymously then you must use the https URL.

You can then install LAL as follows:

LAL INSTALL PREFIX="5{HOME}/opt/lalsuite" # changs as appropriate
pushd lal

./ 00boot

.fconfigure -—prefix=3{LAL INSTALL FREFIX}]

maks

make imnstall

=
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LALSuite install
In conda

2024-07-31

Cloning the Repository

We now utilize Git LFS for the managament of large files and as such git-1fs needs to be installed and configured to correctly clone this

repository. After installing git-1f= it can be configured using:
$ git 1fs install

This only needs to be done once for each machine you access the repository. It can then be cloned using:

$ git clone git@git.ligo.org:lscsoft/lalsuite.git

Building from Source

The recommended way to build LALSuite from source is in @ conda environment. A recipe file is available with all main dependencies. This can

serve as the base for custom recipes, or be used directly via:

$ conda env create -f conda/environment.yml

Fulling in dependencies may take a while depending on your internet connection. After the environment setup succeeded, you can activate it
with:

% conda activate lalsuite-dev

You can then build the suite by executing, in order:

1. ./8@boot (once at first time)
2. .fconfigure with appropriate options (see . /configure --help)

3. make

After pulling updates or making your own changes, you will usually only need to call make again, as reconfiguration and re-running eeboot

should be handled automatically if needed.



I_A L | n fe re n C e(LALInference: Main Page (ligo.org))

Documentation

Here 15 a list of all modules:

v General Packages

Header LALInference.h mWain header file for LALInference common routines and structures
Header LALInferencelikelihood.h Header file for likelihood functions used by LALInference codes
Header LALInferenceNestedSamplerh MNested sampler written for LALInference
Header LALInferencePriorh Collection of commonly used Prior functions and utilities
Header LALInferenceProposal.h Jump proposals for exploring the GW signal parameter space
Header LALInferenceReadData.h Utility functions for handling IFO data
Header LALInferenceRemovelines.h  Utility functions for identifying lines in IFO data to be removed in LALInference
Header LALInferenceTemplate.h Main header file for LALInference signal template generating functions
Header LALInferenceVCSinfo.h WCS and build information for LALInference
v SWIG Interfaces This package provides Octave and Python wrappings of LALInference functions and data structures generated using SWIG
Interface SWIGLALInferenceAlpha.i SWIG code which must appear before the LALInference headers

Interface SWIGLALInferenceOmega.i  SWIG code which must appear after the LALInference headers
Python Packages

2024-07-31 2024 =X gE H SHI 0]t 109


https://lscsoft.docs.ligo.org/lalsuite/lalinference/index.html

SWIG(Simplified Wrapper and Interface Generator)

« SWIG is a software development tool that connects programs
written in C and C++ with a variety of high-level programming
languages. SWIG is used with different types of target languages
including common scripting languages such as Javascript, Perl,
PHP, Python, Tcl and Ruby. The list of supported languages also
includes non-scripting languages such as C#, D, Go language,
Java including Android, Lua, OCaml, Octave, Scilab and R. Also
several interpreted and compiled Scheme implementations
(Guile, MzScheme/Racket) are supported. SWIG is most
commonly used to create high-level interpreted or compiled software freedom
programming environments, user interfaces, and as a tool for
testing and prototyping C/C++ software. SWIG is typically used conservancy
to parse C/C++ interfaces and generate the 'glue code' required
for the above target languages to call into the C/C++ code.
SWIG can also export its parse tree in the form of XML. SWIG is
free software and the code that SWIG generates is compatible
with both commercial and non-commercial projects.

if{f
B
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http://www.swig.org/
http://www.swig.org/compat.html#SupportedLanguages
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[ B [screen 0: bash] hwlee@ldg-ui01:/data/ligo/scratch/hwlee/eccwork/gw151226/ecc-ecc-0.04
#!/bin/sh

module load openmpi-x86 64

#source /opt/intel/parallel studic_xe 2018.1.038/bin/psxevars.sh
#¥export masterdir=/data/ligo/scratch/pe/LaL/lalinference oZ eccTides/
export masterdir=/data/ligo/scratch/pe/LAL/eccentricity 1€0810

source Smasterdir/etc/lscsoftrc

export PYTHON=/usr/libéd4/python2.7/site—-packages

1
o2

date

cd fdata/ligo/scratch/hwlee/eccwork/gwlsl226/ecc—ecc—0.04
condor submit OnoiseeccO.sub
condor submit OnoiseeccO.sub
condor submit OnoiseeccO.sub
condor submit OnoiseeccO.sub
condor submit OnoiseeccO.sub

exit
P [screen O: bash] hwlee@ldg-uil1:/data/ligo/scratch/hwlee/ecowork/gqw151226/ecc-ecc-0.04 — O >
universe = wvanilla
getenv = true
executable = /usr/libé64/openmpi/bin/mpirun
arguments = -np 11 /data/ligo/scratch/pe/LAL/eccentricity 160810/bin/lalinference mcmc —--outfile PTMCMC.output.5 (Cluster) -5 (Process)
.hE ——ifo H1 —--Hl-cache LALSimAdLIGO —--Hl-flow 25 ——trigtime 89%438367%.0 ——psdstart 89%438337%.0 ——-psdlength 1024.0 -—--seglen 16 —-sra
te 2048 ——inj ./taylorF2EccHlonlyBBHGW151226.xml —-event 4 —-inj—-fref 100 --inj-spinOrder 0 ——-inj-tidalOrder -1 ——-approx TaylorF2Ec
cthreePointFivePN ——fref 100 -—--nsteps 20000000 —--skip 100 ——neff 10000 ——amporder Newtonian —-spinOrder 0 —-—-tidalOrder -1 —-radi
ation-frame -—--margtime —--templLadderBottomUp —--differential-buffer-limit 100000 --dataseed 12345 --0Onoise —-—noSpin —-tidalT —--guadpar
am
output 5 (Cluster) -5 (Process) .fZecc—ecc.gwl51226.0noise. out
error = S5 (Cluster)-5(Process) .f2ecc—ecc.gwl51226.0noise.exr
log S (Cluster) -5 (Process) .f2ecc—ecc.gwl51226.0noise. log

request cpus 11
request memory = 11*6*1024

queue 1
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bilby

., Bilb
LBY I y(WeIcome to bilby’s documentation! — bilby 1.1 documentation (ligo.org))

. COre

.gwW

v
{ .prior J

.likelihoo%][ .result J‘ .sampler J

i

Priocr ()

P

» .Likelihood ()
. Ne—

HNormal ()

.Gaussian
Likelihcod()
A

Uniformi)

= g =
.Poisson

| Likelihood()
r

2024-07-31

-

LResult(dict)

»

Ne——

.plot

corner ()
| =

P,

.run_
sampler ()
L

. Py
multinest ()

r

> .Dynesty ()

-

> Nestlel()

Emcee ()

v 2024 SX|MTHE

-~

Model ()

.

—

[ .hyper }
.prior .model
( .Gravitatiocnal

.likelihoocd—— Wave .likelihocod
Transient () L y

i

.waveform .Waveform
—

_generator

Generator ()

r

. SC0uUrce

[ grawvitatiocnal

wave source

| functicns y

——

.detector

———*}Interferometer(]
y

9 F2n oj23ta

. Hyperparameter

Likelihood ()

»

113


https://lscsoft.docs.ligo.org/bilby/

Installation

Conda Pip

$ conda install -c¢ conda-forge bilby

Supported python versions: 3.6+.

This will install all requirements for running bilby for general inference problems, including our

default sampler dynesty. Other samplers will need to be installed via pip or the appropriate
means.
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Dynesty Guide
The Dynesty sampler is just one of the samplers available in bilby, but it is well-used and found to
be fast and accurate. Here, we provide a short guide to its implementation. This will not be a

complete guide, additional help can be found in the Dynesty documentation.

All of the options discussed herein can be set in the bilby.run_sampler() call. For example, to set

the number of live points to 1000

>>> bilby.run_sampler(likelihood, priors, sampler="dynesty", nlive=1000)

Ol
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Bilby MCMC Guide

Bilby MCMC is a native sampler built directly in biiby and described in Ashton & Talbot (2021).

Here, we describe how to use it.

Quickstart and output

To use the bilby_meme sampler, we call

>>> bilby.run_sampler(likelihood, priors, sampler="bilby mcmc", nsamples=1000)

This will run the MCMC sampler until 1000 independent samples are drawn from the posterior.
As the sampler is running, it will print output like this

Ol
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Install PESummary

pesummary IS developed and tested for python 3.5+. We recommend that this code is installed inside
a virtual environment using virtualenv . This environment can be installed with python 3.5+ using

P E S U m m a ry(PESummarv (ligo.org)) pyenv.

For detailed instructions on how to set up your virtual environment, please refer to setting up a

virtual environment.

ALK re) = AH A
. ?l_ S—l—é—g E—l?— X-I E—l ?E J_-I-l_ Cﬂ C_Dl Installing PESummary using pip

If you choose to install pesummary using pip , then simply run:

PR RS RSRS SRR ST GraceDB [eEmEEEEE TR RESe e se TR,
I |
; ! : $ source ~/virtualenvs/pesummary_py3.6/bin/activate
E LALInference, i $ pip install pesummary
' Bilby, RIFT, ... !
| |
: P P : Installing PESummary using conda
VK | . s | LVK _ _ _

| i If you choose to install pesummary using conda , then simply run:
I |
E PESummary i
: : $ source ~/virtualenvs/pesummary pyenv3.6/bin/activate
: ; $ conda install -c conda-forge pesummary
E 1 1 |
L ligo.skymap Meta fil Source .

Skymaps it classifications P ll' th PES d k -

uilng e ummary aockKer image
Distribute If you would like, you are able to pull the pesummary docker image. To do this, simply run:
2024-07-31 2024 X[t

$ docker pull @8hoyc/pesummary


https://docs.ligo.org/lscsoft/pesummary/

Gelman-Rubin: 1.00003

Gelman-Rubin:
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bilby pipe

Iscsoft / bilby pipe - GitlLab (ligo.org)

conda activate igwn


https://git.ligo.org/lscsoft/bilby_pipe

bilby-pipe - PyPI

Search projects Help Sponsors Login Register

2024-07-31

bilby-pipe 1.4.0 D —

pip install bilby-pipe @ Released: Jun 29, 2024

Automating the running of bilby for gravitational wave signals

Navigation Project description

= Project description o
pipeline | passed pypi package '1.4.0 | conda-forge v1.4.0 | python 3.9 | 3.10

"D Release history
bilby_pipe

& Download files
A package for automating transient gravitational wave parameter estimation

« |nstallation instructions

Verified details

These details have been verified by PyP!

« Documentation
* |ssue tracker

« Seethe bilb for help channels.
Maintainers ee the bilby page for help channels

E bilbydev


https://pypi.org/project/bilby-pipe/

How bilby_pipe works?

Data Generation

« Reading
strain Data

« PSD

-

J \_

2024-07-31

* Nested
Sampling
« Merge Results

)

2024 X g2 8 SO o

Ol

il

-

« PESummary
« PDF plots
« Webpages

- Data Analysis -
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How to Run

$ bilby pipe my-run.ini

my-run.ini
outdir/
-> data/
-> log_data_analysis/
-> log_data_generation/
-> log results_page/
-> result/
-> results_page/
-> submit/

2024-07-31 2024 =X|AHCH
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./TaylorF2/ .
| GW151226_injection.inti Directory Structure

— GW151226 1njection_test TF2 dlogzOpl asdDic _new

data

final result

GW151226 injection _test config complete.int

log _data _analys1s

log_data_generation

log_results page

result

— GW151226 1njection test datal® 894383679-0 analysis H1L1 dynesty.pickle
— GW151226 1njection test data® 894383679-0 analysis H1L1 result.hdf5
—— GW151226 1njection test data® 894383679-0 analysis H1L1 resume.pickle
results page

L— overview.html

submit

—— bash GW151226 1injection test.sh

— dag _GW151226 1njection test.submit

— GW151226 1njection test data® 894383679-0 analysis H1L1 final result.submit
—— GW151226 wnjection test data® 894383679-0 analystis H1L1.submit

—— GW151226 1njection test data® 894383679-0 generation.submit

— GW151226 1injection test pesummary.submit

— GW151226.prior
— LIGO-PSD. txt
— LIGO-T1800044-v5-aLIGO DESIGN. txt




ligo.dev.od4.cbc.pe.bilby

. GW151226_injection.ini

GW151226 1njection_test
GW151226_ 1njection_test TF2 dlogzOpl asdDic_new

[H1, L1]
4

dynesty
{'nlive': 1000, 'dlogz': 0.1}
'TaylorF2'

GW151226.prior

True
True
False
'TaylorF2'
{mass_1:14.933, mass_2:8.393, a 1:0.9, a_2:0.9, tilt 1:0.0, tilt 2:0.0, ph1.12:0.0, phi1 j1:0.0, dec:
0.5747465, ra:0.648522, psi:2.605872, phase:3.309695, geocent_time:894383679, luminosity _distance:440, theta_jn=0.785
}

False

2048.0
25

{'H1': 'LIGO-PSD.txt', 'L1': 'LIGO-PSD.txt'}

True
True

894383679



JOB GW151226 1njection_test data® 894383679-0 generation_arg 0 GW151226 1injection_test TF2 dlogz0pl asdDic_new/submit
/GW151226_1injection_test_data0 894383679-0_generation.submit

VARS GW151226_1njection_test_data® 8943836/9-0 generation _arg 0 ARGS="GW1 :
/GW151226 1injection_test config complete.inl --save-psd-plain=True --labe Data Generation n_
generation --1dx @ --trigger-time 894383679.0"

Retrv GW151226 1iniection test data® 894383679-0 aeneration ara 0 3
JOB GW151226 1njection_test data® 894383679-0 analysis H1L1l arg 0 GW151226 1injection_test TF2 dlogzOpl asdDic_new/sub

mit/GW151226 1injection_test data® 894383679-0 analysis H1L1.submit
VARS GW151276_1njectilon_test datad 8Y43836/9-0U_analysis HIL1 arg 0 ARGS="{ ) ’L_H—z_d LlogzUpl_asdDlc_
new/GW151226_injection test config complete.inil --save-psd-plain=True --o{iBEIE! Ana|y5|5 a=action_test TF2 dlogzOpl a
sdD1c_new --detectors H1 --detectors L1 --label GW151226 1injection_test datal 8943836/9-C"g@as1s H1L1 --data-dump-f
1le GW151226 1injection_test TF2 dlogzOpl asdDic_new/data/GW151226 1injection_test datal 8943836,
mp.pickle --sampler dynesty"

Retrv GW151226_iniection_test data@ 894383679-0 analvsis H1l1 ara 0 3

JOB GW151226 1njection_test data® 894383679-0 analysis H1L1 final result_arg 0 GW151226 1injectigi test TF2 dlogzOpl a
sdDic_new/submit/GW151226 injection_test data® 894383679-0 analysis H1L1 final result.submgt
VARS GW151226_1njection_test datal_894383679-0_analysis H1L1 final result ¥ GW151226_1njection_tes
t_TF2_dlogz0pl_asdDic_new/result/GW151226_injection test data® 894383679- @NUSLe[S DENVIS - syt . hdf5 --outdir GW15122
6_1niection test TF2 dloazOpl asdDic new/final result --extension hdf5 --max-samples 2000°%G@A 1ahtwelaht --save"

JOB GW151226 1njection_test pesummary_arg 0 GW151226 1injection_test TF2 dlogzOpl asdDic_new/sWAnit/GW151226 1injection
_test_pesummary.submit
VARS GW1b1276b_1njection_test_pesummary_arg_ 0 ARGS="--webdlr GW1b1226_1nje dlLogzUgl asdD1c_new/results_p
age --config GW151226_injecti_on_test_TFZ_dlonglp1_asdDic_newx’GW151226_injplete.ini --samples GW
151226_1injection_test _TF2 dlogzOpl_asdDic_new/result/GW151226_1injection_test_datal_s9438%679-0_analysis_H1L1 result.h
df5 -a TaylorF2 --gwdata GW151226 1injection_test TF2 dlogzOpl asdDic_new/data/GW151226 1injection_test data® 894383679
iﬂ_generation_data_dump.pickle --psd LIGO-PSD.txt LIGO-PSD.txt"

#Inter-job dependencies

Parent GW151226 injection_test data® 894383679-0 generation_arg 0 Child GW151226 1injection_test dataO® 894383679-0 ana
lysis H1L1 arg ©

Parent GW151226 injection_test data® 894383679-0 _analysis H1L1l arg 0 Child GW151226 injection_test data® 894383679-0_
analysis _H1L1 final result_arg ©

Parent GW151226 1injection_test data® 894383679-0 analysis H1L1 arg 0 Child GW151226 injection_test pesummary arg 0

-2 dlogzOpl asdD1lc_new
+ data® 894383679-0_

-0 _generation_data_du




€ ¢ = https://Idas-jobs.ligo.caltech.edu/~hyungwon.lee/pe/0O4/5230522n/home.html ®ax O 0

@ LSC - UGO Scientifi.. %4 WebHome < CBC.. [ KAGRA ‘e Gmail @ YouTube BP AT [J UGO [ 74| [O 2= =012

Navbar home Result Pages Downloads About

Summary for G407786 PESummary output

The figures below show the summary plots for the run

G407786_Online_Ecc

The figures below show the plots for G407786_Online_Ecc
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G407786_Online_Ecc

6_Online_Ecc

The figures below show the plots for GA0T78
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chirp_mass

The figures below show the summary plots for the run
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