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Gravitational Waves Detection
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[Credit: https://www.space.com/31894-gravitational-waves-ligo-search-complete-coverage.html]



LIGO Detectors
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[Hanford]

[Livingston]

[Credit: https://ligo.org/]



Continuous Gravitational Waves

● Produced by non-axisymmetric neutron stars (“neutron stars with a bump”)

● Persistent unlike from black hole / neutron stars mergers

● Looking for length change > a million times smaller than the nucleus of an atom

● Integrate data over months to years to average out the noise

● Simple sinusoid with slowly changing frequency
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[Credit: Graham Woan, https://indico.cern.ch/event/469963/contributions/2267231/attachments/1335682/2008962/Woan_CWoverview.pdf]



Continuous Gravitational Waves
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[Credit: Karl Wette, arXiv:2305.07106 [gr-qc]] [Credit: https://commons.wikimedia.org/wiki/File:Simple_time_domain_vs_frequency_domain.svg]

● Calculate power for each search template (frequency, sky location, etc)

● Enforce signal coincidence between the two detectors at Hanford and Livingston

● Follow up large power outliers with further stages that enforce tighter data constraints

https://arxiv.org/abs/2305.07106


Detection Algorithm

● Divide year long data into 2 hour segments called Short Fourier 

Transforms (SFTs)

● Slide power bins and add power together

6 / 18



Why Care?

● Would give us direct information about the equation of state of nuclear matter

● Only direct probe to the inside of neutron stars

● Would reveal information about the population of neutron stars

● Continuous gravitational waves’ polarization would allow tests of departure from Einstein’s 

general theory of relativity and alternate theories of gravity
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https://arxiv.org/abs/1710.03794


Parameter Space
Frequency 30 - 150 Hz

Rate of frequency change [-1 x 10-8, 1 x 10-9] Hz / s

Sky position (right ascension x declination) All Sky

Polarization 24 x 8

● ~8 x 1016 (80 quadrillion) templates!

● ~ Number of stars in 800K galaxies
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● 150 K Stage 0 jobs

● 500 billion templates / job

Solution:

High-Throughput Computing

Additional Solution:

Caching of similar calculations



OSG School
● Joined OSG User School 2020

● Learning about checkpointing and stash particularly helpful

● OSG Mentorship proved to be invaluable!

● OSG School + computational resources made the project possible- publication coming soon!
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Input Size of 7+ GB:

● Attempt 1: Reading through /cvmfs ❌
● Attempt 2: Reading from /public through stash ✅

Runtime of 10+ hours:

● Fix: Checkpointing



Workflow
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Stage 0 Search

Coincidence Analysis

Outliers on R

Stage 1 Search

Coincidence Analysis

Outliers on R

Stage 2 Search

Coincidence Analysis

Outliers on R

MCMC Follow Up

Final Outliers

Upper Limits

Open Science Grid DAG



LIGO Computing
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● 53 M core hours

● 0.95 M hours / month

● 32 K hours / day



OSG Computing
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● 22.4 M core hours

● 1.4 M hours / month

● 47 K hours / day



Current Challenge
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● Slow transfer speed for large file transfers through stash



Results (Preliminary)
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Other Tidbits
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Jobs led to the discovery of HTCondor bugs!



logs2csv
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Helped pilot Tim Cartwright’s logs2csv



logs2csv
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Some interesting (but expected) correlations:

● ExecCount - (EvictCount, RecFails, ByteRcvd, 

Disconns) 

● EvictCount - (ByteSent, ByteRcvd)

● ShdwExcpt - (Holds, Releases, TermNorm)

● Holds - (Releases, TermNorm) 

● Disconns - (Reconns, RecFails, ByteRcvd)

● RecFails - ByteRcvd

● FTStarts- (ByteSent, ByteRcvd) 
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