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| joined the LIGO Scientific Collaboration in 1999

First LIGO paper:

Abbott,..., DAB,..., Zweizig, “Analysis of LIGO data for gravitational
waves from binary neutron stars” Phys. Rev. D69 122001 (2004)

Author 38 out of 368 co-authors

Cited by 145 since 2004



Last LIGO paper:

Abbott, ..., DAB,..., Zweizig, “GW170817: Observation of
Gravitational Waves from a Binary Neutron Star Inspiral” Phys. Rev.
Lett. 119, 161101 (2017)

Author 137 out of 1125 co-authors

Cited by 2057 since October 2107

L eft the LIGO Scientific Collaboration in January 2018
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o LIGO Data Management Plan: https://dcc.ligo.org/M1000066/public

e 'Release of events and important non-detections will occur with
publication of one or more papers discussing these observational
results in the scientific peer-reviewed literature.”

e All O1 and O2 events available now


https://dcc.ligo.org/M1000066/public

Calibrated strain data for all published detections are available from
https://gw-openscience.org
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Catalog GWTC-1-confident

Confident detections from GWTC-1, the Gravitational-Wave Transient Catalog of Compact Binary Mergers Observed by LIGO
and Virgo during the First and Second Observing Runs.

Catalog Description

For strain data:
e Click an event name
e Or see the JSON file list.

JSON Parameter Table Show/hide columns
SORT: EVENT (A-2) v -

Event Primary mass Secondary mass Effective chirp mass Final Final mass Luminosity GPS time (s)
(M_sun) (M_sun) inspiral spin (M_sun) spin (M_sun) distance (Mpc)

+4.8 +3.0 +0.12 +1.6 0.69 +3.3 +150
GW150914 35.6 5, 30.6 _, 4 -0.01 ;3 28.6 _; - +0.05 63.1 3, 430 ., 1126259462.4

-0.04



https://gw-openscience.org

e "The transition to Open Data, with the reqular release of data during
observation runs and prompt public alerts of transient events [will
begin in April 2019]"



e O3 alerts can be viewed at https:
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https://gracedb.ligo.org

Superevent Info

) UTC ~
Superevent FAR FAR (yr Submission
ID Category Labels (Hz) 1y t start t o t end time Links
2019-06-
ADVOK SKYMAP READY 1 per 02
EMBRIGHT_READY PASTRO_READY 1.901e- 16.673 17:59:51
$190602aq Production DQOK GCN_PRELIM_SENT 09 years 1243533584.081266  1243533585.089355 1243533586.346191 UTC Data
Preferred Event Info
GPSTime ~ UTC| ~
Group Pipeline Search Instruments Event time Submission time
CBC pycbc AllSky H1,L1,V1 1243533585.0894 2019-06-02 18:00:04 UTC
~ Superevent Log Messages
v Sky Localization
e aéﬁ “";

Mollweide projection of bayestar.fits.gz
bayestar.png. Submitted by LIGO/Virgo EM
Follow-Up on Jun 2, 2019 18:05:43 UTC
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Volume rendering of bayestar.fits.gz
bayestar.volume.png. Submitted by

LIGO/Virgo EM Follow-Up on Jun 2, 2019
18:06:55 UTC




e 'Releases will occur every 6 months, in blocks of 6 months of data,
with a latency of 18 months from the end of acquisition of each
observing block (Expect to shorten the 18 month period)”

e O1 and O2 data available now

e O3A April 2019 + 6 months + 18 months = April 2021



Large Data Sets for High Performance Computing

For users of computing clusters, CernVM-FS is the preferred method to access large data sets:

—

CernVM FS

02 Data Release

02 Time Range: November 30, 2016 through August 25, 2017
Detectors: H1, L1 and V1

. '\
:/\.. || :All /ﬂ /.
an VY \v @ !

4KHz Data 16KHz Data Documents Timeline

O1 Data Release

O1 Time Range: September 12, 2015 through January 19, 2016
Detectors: H1 and L1

AvAY /’\
v \'V/ I v \V/ I % U

4KHz Data 16KHz Data Documents Timeline




Fundamentally LIGO gravitational-wave data is CD-quality audio
160 kHz sample rate, 16 bit, 2 x channels

* + \Virgo makes three channels

~ 1 hour of strain data can be downloaded for each event
signal(t) = detector noise(t) + gravitational-wave strain(t)

Small enough to download via http to your laptop



LIGO-Virgo only releases the calibrated, cleaned strain data

It does not release the raw data or the sub-set of the raw data
needed to make the calibrated, cleaned data

Internally, LIGO does not use GWOSC data

Proprietary data is sanitized to make GWOSC releases



Full O1 strain data set O(10 Tb)
Best way to access the data is CERN Virtual File System (CVMES)

hitps://cernvm.cern.ch/portal/filesystem/quickstart

Uses FUSE and http to make remote data look like a local filesystem

Geolocation for optimal server, local caching of files for fast access,
can use local http proxies.


https://cernvm.cern.ch/portal/filesystem/quickstart

'Duncans-MacBook-2:~ root# df

Filesystem 512-blocks Used Available Capacity Lused 1free %iused Mounted on

/dev/diskl 974490000 901859432 72124568 93% 112796427 9015571 93% /

devfs 507 507 0 100% 878 Q@ 100% /dev

map -hosts Y 0 0 100% Y O 100% /net

map auto_home 0 0 0 100% 0 0 100% /home

drivefs 974490000 905491264 09004736 93% 18446744069414608791 4294967295 75385141272638368%  /Volumes/GoogleDrive
cvmfs?2 33554432000 2505007344 310494246560 8% 32 Q@ 100% /cvmfs/config-0sg.opensciencegrid.org
cvmfs2 8388608000 6215123376 2173484624 /5% 118085 @ 100% /cvmfs/gwosc.osgstorage.org

cvmfs?2 33554432000 2505007344 31049424656 8% 81964 11615465 1% /cvmfs/oasis.opensciencegrid.org

cvmfs?2 33554432000 2505007344 31049424656 8% 2722 232938041 % /cvmfs/singularity.opensciencegrid.org

1125122048 — -bash — 80x24

| [dbrown@Duncans-MacBook-2 1125122048]1% pwd ]
/cvmfs/gwosc.osgstorage.org/gwdata/01/strain.16k/frame.v1/H1/1125122048

' [dbrown@Duncans-MacBook-2 11251220481% 1s ]
H-H1_LOSC_16_V1-1126072320-4096.gwf H-H1_LOSC_16_V1-1126113280-4096.gwf
H-H1_L0SC_16_V1-1126076416-4096 . gwf H-H1_L0SC_16_V1-1126117376-4096.gwf
H-H1_LO0SC_16_V1-1126080512-4096.gwf H-H1_LO0SC_16_V1-1126121472-4@96.gwf
H-H1_L0SC_16_V1-1126084608-4096 . gwf H-H1_L0SC_16_V1-1126125568-4096 . gwf
H-H1_L0SC_16_V1-1126088704-4096 . gwf H-H1_L0SC_16_V1-1126137856-4096 . gwf
H-H1_L0SC_16_V1-1126092800-4096 . gwf H-H1_L0SC_16_V1-1126146048-4096 . gwf
H-H1_LOSC_16_V1-1126096896-4096.gwf H-H1_LOSC_16_V1-1126150144-4096.gwf
H-H1_L0SC_16_V1-1126100992-4096 . gwf H-H1_L0SC_16_V1-1126154240-4096 . gwf
H-H1_L0SC_16_V1-1126105088-4096 . gwf H-H1_L0SC_16_V1-1126158336-4096.gwf
H-H1_LOSC_16_V1-1126109184-4096.gwf H-H1_LOSC_16_V1-1126162432-4096.gwf
"dbrown@Duncans-MacBook-2 1125122048]$ |
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Directory

/gwdata/O1
/pnfs/fnal.gov/usr/des
/pnfs/fnal.gov/usr/minerva
/user/ligo

/user/bbockelm
/pnfs/fnal.gov/usr/dune
/pnfs/fnal.gov/usr/nova
/user/cwalter

/user/jeanjack

Bytes
1.227PB
744.6921B
502.826TB
200.53971B
184.699TB
131.7761B
34.639T8B
18.966TB
17.566TB



CVMES is available on the Open Science Grid and XSEDE clusters

dbrown — dabrown@comet-In3:~ — ssh -| dabrown login.xsede.org — 80x 24

(b) Compute/GPU node local SSD storage: /scratch/$USER/$SLURM_JOBID
(Meta-data intensive jobs, high IOPs)

(c) Lustre projects filesystem: /oasis/projects/nsf

(d) /home/$USER : Only for source files, libraries, binaries.
*Do not* use for I/0 intensive jobs.

[3] Comet User Guide: http://www.sdsc.edu/support/user_guides/comet.html

3 3 3 3 3 2 3k 3 3 3k 3 ok 3k 3k 3 3k ok Ak 3 3 ok 3k 3k ok Ak 3k 3k ok Ak 3k 2k 3k ok 3k 3k 2k ok 3k 3k 2k 3k ok 3k 3k 3k ok 3k 3k 3k 3k ok 3k 3k 3k 3k 3k 3k 3k 3k ok 3 3k 3k ok ok 3k ok 3k 3k ok ok ok Kk Xk
[dabrown@comet-1n3 ~]$ 1s /cvmfs/gwosc.osgstorage.org/gwdata/02/strain.16k/frame!
.v1/H1/1163919360/ | head

1_GWOSC_02_16KHZ_R1-1164558336-4096.gwf
1_GWOSC_02_16KHZ_R1-1164562432-4096.gwf
1_GWOSC_02_16KHZ_R1-1164566528-4096.gwf
1_GWOSC_02_16KHZ_R1-1164570624-4096 .gwf
1_GWOSC_02_16KHZ_R1-1164574720-4096 .gwf
1_GWOSC_02_16KHZ_R1-1164595200-4096 .gwf
1_GWOSC_02_16KHZ_R1-1164599296-4096 . gwf
1_GWOSC_02_16KHZ_R1-1164603392-4096.gwf
1_GWOSC_02_16KHZ_R1-1164660736-4096 .gwf
-H1_GWOSC_02_16KHZ_R1-1164664832-4096.gwf

"dabrown@comet-1n3 ~]%

|
L I I I I I I >T =<

IIIIIIIIIII
|




Funding for GWOSC is ~ 1 FTE at LIGO Caltech

Projects with GWOSC data

Some examples of projects using GWOSC data are shown on this page.

Listing a project here does not imply endorsement by LIGO Laboratory, the LIGO Scientific
Collaboration or the Virgo Collaboration.

If you have completed a project with GWOSC data, please let us know!

Scientific Publications

Below are the fifty most recent publications citing GWOSC,
as listed by INSPIRE HEP.
For a complete list, please query INSPIRE HEP.

1) Custom Execution Environments with Containers
in Pegasus-enabled Scientific Workflows

Karan Vahi, Mats Rynge, George Papadimitriou, et al.
arxiv:1905.08204 | INSPIRE

2) Searching for Dark Photon Dark Matter in LIGO O1
Data

Student Ashley Disbrow presents her work

at the 2014 American Astronomical Societ
Huai-Ke Guo, Keith Riles, Feng-Wei Yang, et al. meeting in Washington, DC.

arxiv:1905.04316 | INSPIRE
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Software for Gravitational Wave Data

Many of these packages can be installed through LSCSoft Conda. See installation suggestions on the
software setup page.

GWpy

GWpy is a python package for gravitational-wave astrophysics.
e GWpy Home Page

PyCBC

PyCBC is a software package used to explore astrophysical sources of gravitational waves. It is a python package
that provides functionality to analyze gravitational-wave data, detect the signatures of compact binary mergers,
and estimate the parameters of a potential source.

e Home Page

e Online Notebooks

e Docker container




® © [ PyCBC - Analyze gravitationa' X

< C @ pycbc.org A

¢ h tt p S : //pyC b C . O rg_ PYCBC . DOCS TUTORIALS PUBLICATIONS CONTACT GITHUB

Core science funding PyCBC

through: NSF Gravity
program gran’[s to P‘S, Open software to study gravitational waves.
Max Planck Society:;
UK/EU investigators

Infrastructure through
NSF ACI grants

PyCBC is a software package used to explore astrophysical sources of gravitational waves. It
contains algorithms that can detect coalescing compact binaries and measure the
astrophysical parameters of detected sources. PyCBC was used in the first direct detection

D eve O p e d by a p p ‘ I C at | O n of gravitational waves by LIGO and is used in the ongoing analysis of LIGO and Virgo data.

PyCBC was featured in Physics World as a good example of a large collaboration publishing

S C | e n : | StS tO S O ‘ Ve S C | e n C e its research products, including its software.

problems (c.f. Jim's talk) Getting Started

You can start using the PyCBC library now in an interactive notebook!



https://pycbc.org

Miriam Cabero Daniel Finstad Tito Dal Canton lan Harry



PyCBC Tutorials

Learn how to use the PyCBC core library to stuay
gravitational-wave datal!

PyCBC: Python Software to Study Gravitational
Waves

PyCBC is software developed by a collaboration of LIGO, Virgo, and independent
scientists. It is open source and freely available. We use PyCBC in the detection of

gravitational waves from binary mergers such as GW150914. These examples explore how
to analyze gravitational wave data, how we find potential signals, and learn about them.

Browse the Tutorials

These notebooks are available to view, download, or run in interactive sessions. The
repository of tutorials along with some additional code examples is available on github.



pylab.xlabel('Time (s)"')
pylab. legend()
pylab.grid()
pylab.show()

pylab.plot(hp.sample_times, hp, label='Plus Polarization')
pylab.plot(hp.sample_times, hc, label='Cross Polarization')
pylab.xlabel('Time (s)"')

pylab.xlim(-.01, .01)
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pylab.show()
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< C  ® https://hub.docker.com/r/pycbc/pycbc-el7/ &% O

& NYTimes wp WashPost | LATimes @ WTF BB ADS &5 KITP () GitHub @& Overleaf [} LIGOGCN [) LHO [ LLO #5 Pegasus < BoA 4 Summit )

w Q, Search Explore Help

PUBLIC REPOSITORY

J~{F4LP~HF{§

Repo Info
Short Description Docker Pull Command n
CentOS 7 based PyCBC container docker pull pycbc/pycbc-el7

Full Description Owner

Welcome to PyCBC, a Python toolkit for analysis of data from gravitational-wave pycbc
laser interferometer detectors with the goal of detecting and studying signals

fromm compact binary coalescences (CBCs).




THE ASTROPHYSICAL JOURNAL

OPEN ACCESS

1-OGC: The First Open Gravitational-wave Catalog of Binary
Mergers from Analysis of Public Advanced LIGO Data

Alexander H. Nitz2? (2}, Collin Capano®? (2}, Alex B. Nielsen+?

3 2

Steven Reyes® (12}, Rebecca White3*

Duncan A. Brown3 (2). and Badri Krishnan?

Published 2019 February 25 « © 2019. The American Astronomical Society.
The Astrophysical Journal, Volume 872, Number 2

Article PDF » Article ePub
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README.md 4

Instructions for generating the 1-OGC catalog on the Open
Science Grid

Alexander H. Nitz"2, Collin Capano'2, Alex B. Nielsen'2?, Steven Reyes?3, Rebecca White43, Duncan A. Brown?, Badri
Krishnan'2

1. Albert-Einstein-Institut, Max-Planck-Institut for Gravitationsphysik, D-30167 Hannover, Germany
2. Leibniz Universitat Hannover, D-30167 Hannover, Germany

3. Department of Physics, Syracuse University, Syracuse, NY 13244, USA

4. Fayetteville-Manlius High School, Manlius, NY 13104, USA

This directory contains the scripts and configuration files necessary to reproduce the 1-OGC catalog using public data and
code using the Open Science Grid.

These instructions are designed for users familiar with PyCBC, Pegasus WMS, HTCondor, and OSGConnect and who would
like to reproduce our results. We assume that the reader has familiarity with running PyCBC In Singularity containers and is
able to troubleshoot HTCondor errors that can happen when running large workflows.

The contents of this directory are:

1. A script for generating, planning, and running the workflow on the Open Science Grid

2. A script for generating, planning, and running the workflow on Syracuse University's Orange Grid



Accessing the Catalog: 1-OGC.hdf

There are two datasets within the file, /complete and /bbh.The complete set is the full dataset from our analysis. The
bbh set includes BBH candidates from a select portion of the analysis. See the 1-OGC paper for additional information.

import h5py
catalog = h5py.File('./1-0GC.hdf', 'r')

# Get a numpy structured array of the candidate event properties.
all_candidates = catalog['complete']
bbh_candidates = catalog['bbh']

# Accessing a column by name
ranking_values = all_candidates['stat']

# Selecting parts of the catalog
region = all_candidates['massl'] + all_candidates['mass2'] < 4
lowmass_candidates = all_candidates|[region]

File format

Both datasets are structured arrays which have the following named columns. Some of these columns give information
specific to either the LIGO Hanford or Livingston detectors. Where this is the case, the name of the column is prefixed with
eithera H1 or L1.



p(0ld(t), H) = W

—

Need the data, d(t) from GWOSC
Need a model, H = h(t; v, 5, mi, 1Mo, §1, §2, )\1, )\2, .. ) from PyCBC
Need a likelihood, p(d(t)|8, H) from PyCBC

Need priors, marginalization, and visualization, from PyCBC

Biwer, Capano, De, Cabero, DAB, Nitz PASP 131 024503 (2019)



results

bin/inference

pycbc/io/inference_hdf.py

log pdf of a variable

pycbc/inference/samplers.py

{params i} l logp i

.distributions
Prior on each variable

pycbc/distributions

[ params] l logp i

Sampling engine : external modules
(kombine, emcee pt) [

.prior
Prior evaluator
. \ : transforms

""""""""""""""""""""" sampling parameters <
waveform parameters

-----------------------------------

.generator
Detector-frame
waveform generation

[ params] . hp,hc

likelihood 1og_post ._callfunc

Likelihood evaluator — log posterior of variables
{h},logp,{data}

.rframe generator
Radiation-frame
wavefrom generation

pycbc/waveform/generator.py

.generator .generator

Wavefrom generation _ Underlying routines

function . [rparams] '

pycbc/waveform/[waveform.py | ringdown.py] LALSimulation or ringdown.py

niterations:
[sampling params]:
[ params]:

[ rparams]:

{params i}:

logp 1i:

logp:

hp,hc:

{h}:
{data}:
log post:

sampling log post:

chain:

results:

Key

: Executable
: Class

: Function

: File

: Module

Number of samples to get

List of sampling-frame parameter
values to test

List of parameter values to test

Radiation-frame parameter
values

Dictionary of parameters for i-th
prior

Log pdf of the i-th prior at
{params i}

Log pdf of the prior at [ params]

Plus and cross polarization of the
model waveform at [ rparams ]

Dictionary of the model waveform
at [ params] in each detector
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PyCBClInferenceWorkshopMay2019

Repository for the PyCBC Inference workshop in Portsmouth, UK, 14 May - 16 May 2019.

This repository contains all of the tutorials and talks that were presented at the workshop; it provides a good introduction
to PyCBC Inference, and Bayesian inference in general. We recommend following the Program. The links listed there link

to the tutorials/lectures in this repository.

How to run the tutorials

Using SciServer
To run the tutorials, we recommend using SciServer:

1. If you don't already have one, create a SciServer account (it's free). Then go to apps.sciserver.org/compute.

2. Click "Create container". Give it a name; in the "Compute Image" drop-down menu click "Python + R". Then click
"Create."
. Click on the container you just created; this will open a new tab in your browser that is a Jupyter notebook interface.

. Clone this repository into your SciServer container: Click "New" -> "Terminal". This will open another tab that with a
bash terminal in it. Change directory into "workspace" by typing cd workspace . Now type:

git clone https://github.com/gwastro/PyCBCInferenceWorkshopMay2019.git

This will download a copy of this repository to your directory on SciServer.




lan Rarry

Photo




d, (Mpc) = 38.01+884.

39.84+7.94 AV j
-13.;; Viewing angle is 32i18, + 1.7 deg
40'77—3:89

Lower limit of > 13deg

robust to choice of prior
( (deg) = 143.4+25:8

145.5+221
147.815%°

3

120 140 160

( (deg) Finstad, De, DAB, Berger, Biwer ApdJ 860 L2 (2018)




® O O sugwg/gw170817-inclination- X

< —-> C @ GitHub, Inc. [US] | https://github.com/sugwg/gw170817-inclination-angle Yk ¢
sugwg / gw170817-inclination-angle @ Unwatchv 5  Star 1  YFork 2

<> Code Issues 0 Pull requests 0 Insights Settings
Measuring the viewing angle of GW170817 with electromagnetic and gravitational waves Edit

https://arxiv.org/abs/1804.04179

gw170817 gravitational-waves ligo virgo parameter-estimation astronomy bayesian-inference pycbc Manage topics
D 11 commits ¥ 1 branch O 0 releases 22 4 contributors

Branch: master ~ New pull request Create new file  Upload files  Find file
@L) dfinstad and duncan-brown add bibtex ref (#3) Latest commit e855a77 11 days ago
=] README.md Add bibtex key (#2) 11 days ago
=) data_release_companion.ipynb add bibtex ref (#3) 11 days ago
=| gw_and_skyloc_posteriors.hdf add thinned posterior files that can produce Figure 1 15 days ago
=| gw_only_posteriors.hdf add thinned posterior files that can produce Figure 1 15 days ago
=| gw_skyloc_and_dist_posteriors.hdf add thinned posterior files that can produce Figure 1 15 days ago

ithub.com/sugwa/aw 17081 7-inclination-an

Duncan



https://github.com/sugwg/gw170817-inclination-angle

Using the posterior probability data

The posterior data is stored as flattened arrays in the samples group of the hdf files in this repository. The parameter names for each
of the arrays that exist in a file can be accessed through a variable args attribute of the file:

In [2]: fp = hbpy.File("gw only posteriors.hdf”, "r")
print fp.attrs[ 'variable args']

fp.close()
['tc' 'ra' 'dec’ 'massl' 'mass2' 'coa phase’' 'inclination' 'polarization'
'distance’ 'spinlz' 'spin2z']

Each of these parameter names can then be used to access that parameter's data in the samples group of the file. For example, the
inclination angle posterior samples (in radians) from our run using the GW signal as well as EM sky location and Gaussian distance
prior can be accessed this way:

In [3]: fp = hbpy.File("gw skyloc and dist posteriors.hdf”, "r")
inc samples = fp[ 'samples/inclination'][:]
fp.close()

print inc samples

[2.74223087 2.58393159 2.49176962 ... 2.53901635 2.61125559 2.45446383]

By default, the PyCBC software used to create these files stores the mass parameters only as mass1 and mass2, but other mass
parameters like chirp mass and mass ratio can be derived from these. For example, using the PyCBC toolkit:

In [4]: from pycbc import conversions

fp = hS5py.File("gw and skyloc posteriors.hdf"”, "r")
massl = fp['samples/massl'][:]
mass2 = fp['samples/mass2'][:]

fp.close()
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. dbrown — dabrown@comet-In3:~ — ssh -| dabrown login.xsede.org — 117x24

[dabrown@comet-1n3 ~]$ module load singularity
[dabrown@comet-1n3 ~]$ singularity shell --home /home/dabrown/pycbc_test/:/srv --pwd /srv --bind /cvmfs --bind /tmp

--contain --ipc --pid /cvmfs/singularity.opensciencegrid.org/sugwg/dbrown\:latest
Singularity: Invoking an interactive shell within container...

PyCBC Singularity d76c65d7aee60864bad32abe226cc761ddbad79b757c144a0cf2c2cc888ec8:~> pycbc_inspiral --version

--- PyCBC Version ----------cememmeccmmeeeeee

Version: 786b52

Branch: master

Tag: None

Id: 786b5243147c94¢c9236d54617c3bddfcd37cf618

Builder: Unknown User <>

Build date: 2019-05-18 00:06:43 +0000

Repository status is CLEAN: All modifications committed

' Imported from: /usr/1ib64/python2.7/site-packages/pycbc/__init__.pyc ]
[ ]
--- LAL Version ----------mmmmmmmm o

Branch: None

Tag: lalsuite-v6.54

Id: 1dd42e82f34cabZ2e3ebbc71823a060f4938ffaeb8
| ]
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Improvements to docker image

j[yiil,‘::jfzij::‘?z_-a_;.,;_.-:._;;|_f;\ duncan-brown wants to merge 11 commits into gwastro:master from duncan-brown:docker E&

(.J Conversation 8 O- Commits 11 i, Checks 0 Files changed 15

duncan-brown commented 19 days ago Member

This pull request simplifies the base PyCBC Docker container. It uses the standard centos:centos?
container as a base and only installs the minimal set of software needed for a PyCBC install.

LALSuite is installed via requirements.txt so it the image will contain the latest release, since that is
currently what is specified there. The Docker image is populated with a few ROM files, but not the
complete set.

The appropriate files needed for OSG to turn this into a working singularity image are also included.

O duncan-brown added the work in progress label 19 days ago
simplify docker image X

duncan-brown force-pushed the duncan-brown:docker branch from 67ea2bb to 15fabd8

a day ago
duncan-brown requested a review from ahnitz a day ago

© ahnitz requested a review from spxiwh a day ago

Q?J ahnitz a day ago

Adding lan as a reviewer too, since this is probably something more than one person should understand
how is going to work.

+255 -75 INEN

Reviewers

At least 1 approving review is
required to merge this pull request.

Assignees — assign yourself
Labels
Projects

Milestone

4% Unsubscribe T

Mark as unread

3 participants

E] Lock conversation




How many users does your instrument's community have and how is this tracked?

/0 people have committed
code to PyCBC

ahnitz spxiwh 90% male, 10% female

2,318 commits 321,806 ++ 92,472 -- 818 commits 96,747 ++ 47,727 --

"§ duncan-brown g cmbiwer

J 663 commits 24,597 ++ 33,329 -- 610 commits 44,773 ++ 30,689 --




How Is communication with the user base conducted, and at what frequency??

w-astro.slack.com

#PYCbC-COde % @ @ ‘Q | @ i?

v | & 100 | R0 | General PyCBC code discussion, including Travis and GitHub infrastructure.
Yesterday

B | Derek White 12:27 pMm

. Hi all, I'm a student of Jocelyn Read's at California State University, Fullerton. I've recently been working on setting up a new environment on our
research group's new computing cluster, including installing PyCBC (done via pip install). | tried running a script that works on our old cluster, and ran
into an error from the scheme.py file: "Failed to find implementation of (<function _getvalue at Ox7f5ad317b500>) for cpu scheme." Does anyone
know if this might be due to a package that wasn't correctly installed? (the _getvalue function comes from decorator.py)

W Alexander Harvey Nitz 12:29 pM
R @Derek White Can you open up a ipython terminal in the same environment and try the following ( or run in a script if you prefer). Also, just to
verify, you aren't running pycbc from the src folder are you?

import pycbc.types.array_cpu

Does this import result in any error message or does it just work?

B = Derek White 12:32 pMm
. Importing it doesn't generate any errors. I'm running my script from an anaconda environment that has pycbc installed

W Alexander Harvey Nitz 12:33 PM
R Hmm, strange. All that message is saying is that it failed to do the following.

from pycbc.types.array_cpu import _getvalue
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What are the bibliometrics for your instrument over time”

A PyCBC
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Search docs

H Use of PyCBC in Scientific Publications

Citing the PyCBC Software

Citing the scientific publications
that describe the algorithms

Running PyCBC under Docker
Installing PyCBC

pycbc_make_psd_estimation_workflow: A

workflow generator for noise
estimation

pycbc_make_coinc_search_workflow: A

workflow to search for gravitational
waves

pycbc_make_offline_grb_workflow: A GRB

triggered CBC analysis workflow
generator

Docs » Use of PyCBC in Scientific Publications View page source

Use of PyCBC 1n Scientific Publications

If you use any code from PyCBC in a scientific publication, then we ask that you include a citation
to the software through its DOI and that you cite the publications relevant to the sections of the
code that you are using, as described below.

Citing the PyCBC Software

A bibtex key and DOI for each release is avaliable from Zenodo and DOls for releases can be found
on the PyCBC release page. A key for the latest release is available at:

DOI 10.5281/zenodo.2801307

If you do not use a specific release, please cite the DOI for the latest release, or the release closest
to the version that you are using.




Citing the scientific publications that describe the
algorithms

PyCBC implements a large number of data-analysis algorithms and so it is not possible to give one
single citation. To give proper scientific credit for the development of PyCBC, in addition to citing
the DOI from the software, please cite the appropriate scientific publications below.

Bayesian Inference

If you use the Bayesian inference modules, or code derived from those modules, please cite the
paper:

e PyCBC Inference: A Python-based parameter estimation toolkit for compact binary coalescence
signals. [INSPIRES BibTeX Key] [ADS BibTeX key]

Searches for Compact Binary Coalescence

If you use the PyCBC search algorithms, please cite all four of these papers:

FINDCHIRP: an algorithm for detection of gravitational waves from inspiraling compact
binaries. [INSPIRES BibTeX Key] [ADS BibTeX key]

A chi-squared time-frequency discriminator for gravitational wave detection. [INSPIRES BibTeX
Key] [ADS BibTeX key]

Detecting binary compact-object mergers with gravitational waves: Understanding and
Improving the sensitivity of the PyCBC search. [INSPIRES BibTeX Key] [ADS BibTeX key]
Implementing a search for alignhed-spin neutron star - black hole systems with advanced ground
based gravitational wave detectors. [INSPIRES BibTeX Key] [ADS BibTeX key]
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Abstract Papers that cite

The PyCBC search for gravitational waves from compact

Citations (132) binary coalescence

References (71)
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— 2019MNRAS.485..8430 2019/05 = =
Similar Papers

Matched-filter study and energy budget suggest no detectable gravitational-
Volume Content wave extended emission' from GW170817

Oliver, Miquel; Keitel, David; Miller, Andrew L. and 2 more

2019MNRAS.485.4260S 2019/05 = [ —
Metrics Serendipitous discoveries of kilonovae in the LSST main survey: maximizing
detections of sub-threshold gravitational wave events

Export Citation Setzer, Christian N.; Biswas, Rahul; Peiris, Hiranya V. and 3 more
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Parameter estimation and statistical significance of echoes following black
hole signals in the first Advanced LIGO observing run
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Constraints on non-linear tides due to p-g mode coupling from
the neutron-star merger GW170817

Steven Reyes1 and Duncan A Brown1

1Department of Physics, Syracuse University, Syracuse, NY 13244, USA

License

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.

Introduction

This notebook is a companion to the paper presented at arXiv:1808.07013. |t demonstrates how to
make the figures in the paper and compute the Bayes factors comparing the analyses with and
without the effect of nonlinear tides.

We encourage use of these data in derivative works. If you use the material provided here, please
cite the paper using the reference:

@article{Reyes:2018bee,

author = "Reyes, Steven and Brown, Duncan A.",

title = "{Constraints on non-linear tides due to $p
$-$g$ mode

coupling from the neutron-star merger GW1l70

817}",

year

eprint

archivePrefix

primaryClass

SLACcitation

"2018",

"1808.07013",

"arXiv",

"astro-ph.HE",

"$%CITATION = ARXIV:1808.07013;%%"

}

Data

We provide the data from thinned posterior samples from the MCMC chains used to produce Bayes
factor calculations and posterior distribution data. All of the files contain the thinned chained of the
posterior samples using the sky localization constraint, chirp mass constraint, common equation of
state constraint from De et al. (2018), with mass distribution prior distributions for each of the binary
neutron stars from De et al. (2018). Each file refers to two different mass priors from De et al. (2018)
and with different choices of the range of f0, the turn-on frequency of the p-g mode energy loss.
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Constraints on non-linear tides due to p-g mode coupling from
the neutron-star merger GW170817

Steven Reyes1 and Duncan A Brown1

1Department of Physics, Syracuse University, Syracuse, NY 13244, USA

License

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.

Introduction

This notebook is a companion to the paper presented at arXiv:1808.07013. |t demonstrates how to
make the figures in the paper and compute the Bayes factors comparing the analyses with and
without the effect of nonlinear tides.

We encourage use of these data in derivative works. If you use the material provided here, please
cite the paper using the reference:

@article{Reyes:2018bee,

author = "Reyes, Steven and Brown, Duncan A.",

title = "{Constraints on non-linear tides due to $p
$-$g$ mode

coupling from the neutron-star merger GW1l70

817}",

year = "2018",

eprint = "1808.07013",

archivePrefix = "arXiv",

primaryClass "astro-ph.HE",

SLACcitation = "$%CITATION = ARXIV:1808.07013;%%"

Data

We provide the data from thinned posterior samples from the MCMC chains used to produce Bayes
factor calculations and posterior distribution data. All of the files contain the thinned chained of the
posterior samples using the sky localization constraint, chirp mass constraint, common equation of
state constraint from De et al. (2018), with mass distribution prior distributions for each of the binary
neutron stars from De et al. (2018). Each file refers to two different mass priors from De et al. (2018)
and with different choices of the range of f0, the turn-on frequency of the p-g mode energy loss.
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A Comparison of p-g Tidal Coupling Analyses

Reed Essick! and Nevin N. Weinberg?
L Kavli Institute for Cosmological Physics, University of Chicago,
Chicago, IL 60637, USA

2 Department of Physics, and Kavli Institute for Astrophysics and Space Research, Massachusetts Institute of Technology,
Cambridge, MA 02139, USA

Two recent studies have attempted to constrain the proposed p-g tidal instability with
gravitational-wave data from GW170817. The studies use Bayesian methods to compare a model
that includes p-g tidal effects with one that does not. Using the same data, they arrive at very
different conclusions. Reyes & Brown find that the observations of GW170817 strongly disfavor
the existence of p-g mode coupling. However, the LIGO and Virgo Collaborations find that nei-
ther model is strongly favored. We investigate the origin of this discrepancy by analyzing Reyes &
Brown’s publicly available posterior samples. Contrary to their claims, we find that their samples

do not disfavor p-g mode coupling.

I. INTRODUCTION

The gravitational wave (GW) observation of a coalesc-
ing binary neutron star (NS) system (GW170817 [1]) pro-
vides new insights into NS physics, including constraints
on the high-density equation of state [2, 3] and tidal de-
formability [2, 4, 5]. Recently, two papers have attempted
to constrain the p-g tidal instability with GW170817
([6, 7]; hereafter RB and LVC, respectively). The in-
stability involves a non-resonant coupling of the linear
tidal bulge to high-frequency, pressure-supported modes
(p-modes) and low-frequency, gravity-supported modes
(9-modes) within the NS [8-11]. Once unstable, the ex-
cited modes continuously drain energy from the orbit and
accelerate the rate of GW-driven inspiral. The precise
impact on the phasing of the GW signal is, however, un-
known due to theoretical uncertainties in how the insta-
bility grows and saturates, although studies suggest that
its impact might be observable with the current LIGO
[12] and Virgo [13] interferometers [10, 14].

RB and LVC attempt to constrain p-g effects in
GW170817 using the phenomenological model developed
by [14]. Both studies employ a modification of the
TaylorF2 frequency-domain waveform (see, e.g., [15])
that includes an additional phase correction induced
by p-g effects. Using Bayesian methods, they com-
pare models with p-g effects (Hpg) to models without
p-g effects (Hi,y) and compute Bayes Factors B!’;% =
p(D|Hpg)/p(D|Hipg), where D refers to the data from
GW170817.

While RB and LVC analyze the same data and use
the same phenomenological p-g waveform, there are
differences in their models and priors, which we de-
scribe in Section II. Most notably, RB constructs an
H,g model that only includes “detectable p-g effects”
whereas LVC uses a wider H,, model. RB finds that their
models yield BfY < 10~* and LVC finds that their mod-
els yield B!’;gg ~ 1. Thus, RB concludes that the obser-
vations strongly disfavor their H,, model and LVC con-
cludes that the observations do not favor either of their
models.

A priori, the disparate By could be due to differences
in the studies’ models and priors. However, we show in
Section III that this cannot be the explanation. We use
the posterior samples from RB! to compute By, using

LVC’s method for calculating Bayes Factors [7]. We find
that LVC’s method applied to RB’s posterior samples,
and thus their models and priors, yield Bf;gg ~ 1 and not

Bﬁ,gg < 10~%. This indicates that there is an error in

how RB calculates Bﬁ)gg. Our estimate implies that their
H,g model is not disfavored by the data.

II. COMPARISON OF MODELS AND PRIORS

The phenomenological model presented in [14] intro-
duces three p-g parameters per NS (indexed by i €
{1,2}): an overall amplitude (A;) related to how many
modes become unstable, how quickly they grow, and the
energy at which they saturate; a turn-on/saturation fre-
quency (f;) that is related to when the modes first be-
come unstable; and a spectral index (n;) that describes
how the rate of energy dissipation evolves with the orbital
frequency (see [14], RB, and LVC).

The frequency-domain phase shift A¥(f) induced by
p-g effects is given by Equation (3) in RB and Equa-
tion (1) in LVC. To account for a possible dependence
on the component masses (m;), [14] introduces a Taylor
expansion of the p-g parameters around m; = 1.4Me.
LVC keeps the zeroth- and first-order coeflicients of the
expansion (their Equation (2)). RB keeps only the ze-
roth order coefficients. However, this should not intro-
duce large discrepancies since LVC and [14] find that the
first order terms are not measurable.

In their Equation (3), RB neglects a dependence on the
component masses that exists independent of the Tay-
lor expansion. Specifically, in the expression for AU(f),

1 RB have kindly made their posterior samples available at
https://github.com/sugwg/gwl170817-pg-modes.
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Close examination of our public
results and code

allowed us to correct errors
and improve the analysis!

Better tools for computing

evidences using ptemcee
and thermodynamic integration
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Tidal Deformabilities and Radii of Neutron Stars from the
Observation of GW1/081/

Soumi De, Daniel Finstad, James M. Lattimer, Duncan A. Brown, Edo Berger, and Christopher M. Biwer
Phys. Rev. Lett. 121, 091102 — Published 29 August 2018; Erratum Phys. Rev. Lett. 121, 259902 (2018)
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InCommon.

FEDERRHATION

Federation Info: About Organizations Entities

InCommon Entity Categories 1dPs | SPs

Suls e Ty ] e The following identity providers either belong to or support the indicated entity category:
hide-from-discovery 0 30

I 109 105 Identity Provider Name Entity Category s
research-and-scholarship 0 78 American Museum of Natural History - Richard Gilder Graduate School research-and-scholarship

Check out these NEW Entity Categories!

e Hide From Discovery Category
e Registered By InCommon Category

Entities in the latter category are filtered from these web pages since
currently all entities in production metadata are in the Registered By
InCommon Category.

Note: Service Providers (SPs) marked in green meet the requirements of
the REFEDS R&S Entity Category specification. Identity Providers (IdPs)
marked in green release attributes to all R&S SPs, including R&S SPs in
other federations, whereas the remaining IdPs release attributes to R&S
SPs registered by InCommon only.
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© Apache 2.4 Support
You should review this page and the htaccess page thoroughly because Apache 2.4 is much more complicated than earlier versions. In
particular, if you're trying to combine Shibboleth with other authentication schemes (like Basic), you may need to enable
the ShibCompatValidUser option, documented below.

Half of Shibboleth runs within the web server. For Apache, this half is implemented in a module

called mod_shib_13.so0, mod_shib_20.so, mod_shib_22.so, or mod_shib_24.so depending on the Apache version. Like all Apache modules, the initial
configuration is controlled with Apache's configuration file(s), but one of the primary options there (normally implicit/defaulted) is to point the module
at the overall SP configuration file (shibboleth2.xml) where a lot of the options not specific to Apache are controlled.

At runtime, the module has the ability to process both a variety of Apache commands and rules specified in the SP configuration and make sense of
both. This allows for a choice of approaches based on the need for native integration with Apache or for portability between web servers. Native
integration using Apache commands is the better choice and is more secure.

e Prepping Apache
e Loading the Module
Properly Routing Handler URLSs
Global Options
Server /[ VirtualHost Options
AuthConfig Options
Enabling the Module for Authentication
Authorization
Content Settings
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Please select an identity provider to login

Choose an identity provider from the options in the box below

The first time that you log in, you should pick from the list or enter an or organization name. Your previous choice(s) will |
different provider from this list.

Use a suggested selection:

MAX-PLANCK-GESELLSCHAFT

Syracuse University ORCID Id Max-Planck Institutes
(in MetaDir...

Or enter your organization's name

| Continue

Allow me to pick from a list Help

Which provider should I choose?

e [LSC/Virgo collaboration members should select one of the LIGO providers and log in with their LIGO.ORG creden
1s available at my.ligo.org.

e Syracuse University Gravitational Wave Group members who are not part of the LSC can log in with their NetID. Y
myslice.syr.edu

e Other scientists can log in with an ORCID Id, which can be obtained from orcid.id.




Using a .htaccess file to control access

You can override the default access settings to any sub-directory in your ~/secure_html directory by creating a file
in that directory called .htaccess and adding authorization directives in there.

Setting up Shibboleth

The first two lines of this file should be the directives that turn on Shibboleth authentication and authorization:

AuthType shibboleth
ShibRequestSetting requireSession true

Then you can add lines to give access to specific people. These are implemented as a logical OR so you can specifiy
multiple people on multiple lines.

Syracuse users

For Syracuse users, you can authorize people using their eduPersonPrincipalName, which is their Syracuse NetlD.
For example, the following lines authorize people in our group:

require shib-attr eduPersonPrincipalName dabrown@syr.edu
require shib-attr eduPersonPrincipalName sdelOl@syr.edu

require shib-attr eduPersonPrincipalName sdreyes@syr.edu
require shib-attr eduPersonPrincipalName dfinstad@syr.edu
require shib-attr eduPersonPrincipalName elawsonk@syr.edu
require shib-attr eduPersonPrincipalName chafle@syr.edu

require shib-attr eduPersonPrincipalName cmbiwer@syr.edu

LIGO/Virgo users

LIGO users can be authorized using their LIGO.ORG username as the eduPersonPrincipalName, for example:
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But...

Only 94 of 530 IdPs in InCommon support
research and scholarship internationally
(many don't support R&S at all!)



 Open data, open code, and open analysis allow new, reproducible
sclience

 [he community should push for more openness in gravitational-
wave astronomy to get the best science for everyone and for the

long-term health of the field

e Federated identity management tools can make collaboration much
easler
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