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A quick recap on astrophysical quantities

lUseful not just for Gravitational Waves, but also for 
multimessenger analysis

lTimeà use case: How can I convert the time of a GW 
event from UTC ? 

lSky Coordinates à use case: Can I find all galaxies within 
the 95% LIGO-Virgo-KAGRA localization ?

lLots of calculations (ephemeris table, spherical 
astronomy…) 

…but…

M. Razzano Credits: Springer
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The Astropy project

www.astropy.org

l Python-based library for astronomy

l Based on many previous separate projects

l From basic stuff to most advanced methods



M. Razzano

Some useful time systems
From Earth rotation to Atomic Clocks

l International Atomic Time (TAI) – 1958
l Uniform scale, based on atomic clocks
l Synch with Earth Time in Jan 1,1977  = 32.184 s

lUniversal Coordinated Time – 1960
l Uniform and based on TAI
l Offset to keep it close to previous UT1 (within 

0.9 s.)
l Offset adjusted periodically with leap seconds 

(UTC = TAI – leap seconds)
l 27 leap seconds from 1972

lBarycentric Dynamic Time (TDB) - 1976
l Time at the Solar System Barycenter
l Relativistic corrections 
l More uniform, used for planetary ephemeris
l Fundamental for pulsars

Credits: iers
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Julian Date and Modified Julian Date
Classic astronomy problem: What if you need to count days between 2 dates?

lContinous count of days from a starting point
l Starting point chosen in Jan 1 4713 BC noon UT

l Julian day starts at noon UT 
l Suggested by J. Scaliger in 1543, adopted by J. Herschel in 1849

lReference point is the start date of 3 calendars:
l Metonic (Lunar Phases) – 19 yrs
l Solar (calendar) – 28 yrs
l Indiction (hystorians) – 15 yrs

lCan be referred to UTC, TAI, UT, etc
l E.g. 1 Feb 2019 12:00 UT = 2458516.0 JD

l Julian date is a looong number, so…Modified Julian Date (MJD)
l Introduced in 1957 by Smithsonian Astronomical Observatory to track Sputnik orbit
l Zero point is Nov 17, 1858
l MJD = JD - 2400000.5 

Credits: Freepik
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What about Gravitational Waves?

lNo UTC, No JD, we use GPS Time

lGPS time 
l Seconds since Jan 6, 1980, 00:00:00 UTC
l No leap seconds
l Other variants: Galileo System Time (GST)
l Also used in other fields of modern physics (e.g. neutrinos)

lQuick note on date format
lWe use the ISO 8601 (1988) format

l YYYY-MM-DD hh:mm:ss” format, or with a T in between (ISOT
l YYYY-MM-DDThh:mm:ss
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A practical example: GW170817

What is the corresponding GPS Time?
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A practical example: GW170817
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A practical example: GW170817
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A practical example: GW170817
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Recap on Coordinate Systems

Alt-azimutal Equatorial Galactic

Centered on Observer Center of Earth Sun

Fundamental plane Local horizon Celestial Equator approx Galactic plane

Advantages rise/culmination/set observer-independent Galactic structure

for Gravitational Wave
research

for multimessenger 
observations (e.g. 

follow-up)
event coordinates event coordinates
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Astronomical Coordinates – Alt-azimuth

l Altitude (0-90)
l horizon is 0°

l Azimuth:
l 0° at North
l 0°-360° Eastward  

(sometime from South 
westward) Very pratical, but location-dependent!

Credits: M. Richmond/rit.edu
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Astronomical Coordinates - Equatorial

Location-independent, but...

Credits: University of Michigan

l Declination (-90° - + 90°)
l Angle from celestial equator along a celestial meridian

l Right Ascension (0-24h)
l Measured in hh:mm:ss
l Increasing eastwards



M. Razzano

Astronomical Coordinates - Galactic

Credits: Swinburne University l Galactic latitude (B) : -90° - 90°
l Galactic longitude (L) – 0°-360°, from the GC
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Astronomical Coordinates - Galactic

Credits: NASA/COBE

Equatorial Galactic
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Examples with Astropy:
The transient counterpart 
of GW170817
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Examples with Astropy:
The transient counterpart 
of GW170817

Coordinate conversion
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Examples with Astropy:
The transient counterpart 
of GW170817
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Examples with Astropy:
Can I observe that transient?

H=-30°…no L 
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Examples with Astropy: Can I observe that transient?

We can then build an array and plot
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GW open data on the web

www.gwosc.org
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GW Data format vs Astro data format
GWOSC provides data in some formats: ASCII, frame and h5

lFrame files: standard format in the GW community
l Binary with header (metadata) + extension (time series)
l Times in GPS 

lNot too different from FITS format used in astronomy
l Flexible Image Transport System (FITS)
l Standard since 1981
l Mainly images, but much more
l Tables, spectra, catalogs

Credits: STScI
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GW Data format: Hierarchical Data Format (HDF5) 
Sam structure: metadata + data. Also possibility of creating data groups

Credits: National Ecological Observatory Network
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GW Data format: Hierarchical Data Format (HDF5) 
Sam structure: metadata + data. Also possibility of creating data groups

Credits: National Ecological Observatory 
Network (adapted from)

Sensor

Sensor

Channel

Channel

Channel

e.g. Sensors can have multiple 
channels (e.g. accelerometers, 
X,Y,Z)
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GW Data format: data channels 

Credits: Acernese et al 2018,CQG

h(t) = calibrated strain from output port 
(i.e. our “science channel”)

Sampled at 16-20 kHz, but available 
subsampled data (e.g. 8 kHz)

Auxiliary channels = data e.g. from sensors 
subsystems and environment. Not sensitive to 

GW passage but to external noise à Useful for 
noise hunting and to monitor the status of the 

detector
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Released data
GWOSC provides two main types of data

lGW related to events (e.g. Binary Black Holes, etc)
l About 1-hour window centered on the event(s)
l Released with the publication of the event(s)
l GW Strain data, size ~Gb

lGW “bulk” data
l Bulk datasets of each observing run (size ~Tb)
l Releases after 18 months from the end of the run
l Data blocks of 6 months, released every 6 months
l Data up to O3 available

lSupporting documentation and tools
l Help the external community in using data
l Lots of tutorials
l Materials from periodic Open Data Workshops
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GW data products
lReleases include GW strain, data quality and injections

l Timeseries
l Various formats, including standard “frame” files (GWF) and HDF5

Available Releases

lLIGO 
l S5 (2005 - 2007) 
l S6 (2009 – 2010)

lAdvanced LIGO
l O1 (2015 – 2016)
l O2 (2016 – 2017)
l O3 (2019 - 2020)

lAdvanced Virgo
l O2 (2016 – 2017)
l O3 (2019 - 2020)

GW strain

h(t) ~ DL/L
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Timelines

Credits: GWOSC
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Event List

Credits: GWOSC
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Strain data – Single events

each file:
l Metadata
l GW strain
l Data quality (1 Hz rate) 

Credits: GWOSC
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Bulk data

CernVM FS
i.e. mount a 
network disk on your PC

Credits: GWOSC
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Today's Summary Page

https://gwosc.org/detector_status/today

Credits: GWOSC

https://gwosc.org/detector_status/today
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Virgo status
http://www.virgo-gw.eu/status.html

Credits: EGO/Virgo
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Multimessenger opportunitie
Open Public Alerts (OPA)

lLIGO/Virgo release alerts in low latency for transient candidates
l No human vetting for Preliminary alert
l Alerts distributed via Gamma-ray Coordinated Network (GCN)
l Available at the Gravitational Wave Event Database (GraceDB) website 
l (https://graced.ligo.org)

lOPA User Guide & Mailing list
l Available at https://emfollow.docs.ligo.org/userguide/quickstart.html
l Mailing list at https://wiki.gw-astronomy.org/OpenLVEM 

Credits: GWOSC
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Multimessenger opportunities in O3

From OPA User Guide
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Last GraceDB triggers

https://gracedb.ligo.org/latest
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And you can check out the GCN page
https://gcn.nasa.gov (new site!)

https://gcn.nasa.gov/
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GCN Notices

https://gcn.nasa.gov

GCN Notices (can be filtered)

https://gcn.nasa.gov/
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GCN Circulars

https://gcn.nasa.gov

https://gcn.nasa.gov/
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Finally…everything on your phone

Gravitational 
Wave

Events 
(Apple Store)

Astro-COLIBRI
Web/Android/iOS
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l The gwpy Package
l Gwpy is a public, Python-based package to access and manipulate GW data
l Easy to install via PIP or conda

https://gwpy.github.io/
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Getting data from GWOSC
l Use the gwosc library (install with pip or conda)
l You can get a list of all the events available
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Getting data from GWOSC – get single event
l Once you have found the event you want to analize, you can retrieve its (GPS) time. 
l Or, you can just look for data around a certain GPS time
l Remember…GPS time is used
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Getting data from GWOSC – get single event
l Now we can fetch the data
l Don’t forget to import gwpy!
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Do some plotting with gwpy
l It is quite easy
l Data is the h(t), data segments give you the quality of the data (green is ok!)

In this example, we take LIGO Hanford (H1) data
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Building the ASD
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lFiltering the signal
l With gwpy it is possible to bandpass the signal, to remove the dominant noise 

frequencies (e.g. the lower ones), or remove specific lines (e.g. “notching”)

l Is this the signal? 
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lFiltering the signal
l With gwpy it is possible to bandpass the signal, to remove the dominant noise 

frequencies (e.g. the lower ones), or remove specific lines (e.g. “notching”)

l Here it is
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Spectrograms
Spectrograms can be easily computed with gwpy
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Q transform
Similar to Wavelets (Morlet wavelet).
Filters centered t fk = (21/n)kdfmin
Quality factor Q = fk/dfk
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What next?

• There is not just gwpy…
• There are not just Compact Binary Coalescences…
• Stay tuned!


