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[Credit: https://www.space.com/31894-gravitational-waves-ligo-search-complete-coverage.htmi]




JrLIGO Detectors . '
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[Credit: https://ligo.org/]
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Continuous Gravitational Waves .

Continuous gravitational waves
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Spinning neutron star Earth based laser interferometer | Not to scale!

[Credit: Graham Woan, https://indico.cern.ch/event/469963/contributions/2267231/attachments/1335682/2008962/Woan_CWoverview.pdf]

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

e Persistent unlike from black hole [ neutron stars mergers

e Looking for length change > a million times smaller than the nucleus of an atom +
e Integrate data over months to years to average out the noise

e Simple sinusoid with slowly changing frequency +

4 /18



& - .

+ . . .
Continuous Gravitational Waves .

99.9945 signal f(x) = 2 sin x + sin 10x

99.9944

~0.5 0.0
Time / days

~  \ 3 4
100.005 /' / Timeins

100.000

99.995

N -10q 0
A \_ Time/days /
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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]
e Calculate power for each search template (frequency, sky location, etc)
e Enforce signal coincidence between the two detectors at Hanford and Livingston ‘

e Follow up large power outliers with further stages that enforce tighter data constraints
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https://arxiv.org/abs/2305.07106
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Divide year long data into 2 hour segments called Short Fourier

Transforms (SFTs)
Slide power bins and add power together
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JrWhy Care? .

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

e Only direct probe to the inside of neutron stars

e Would reveal information about the population of neutron stars

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

general theory of relativity and alternate theories of gravity

[Credit: Isi et al., arXiv:1710.03794 [gr-qc]] ‘ 7 / '|8



https://arxiv.org/abs/1710.03794

+
Parameter Space -

Rate of frequency change [IBEEIIEE Sl b CIE e ~8x10'® (80 quadrillion) templates!

e ~Number of stars in 800K galaxies

30 - 150 Hz

Sky position (right ascension x declination) All Sky

Solution:

e 150K Stage O jobs
High-Throughput Computing
e 500 billion templates [ job

Additional Solution: ‘
Caching of similar calculations
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*0s¢G School -

e Joined OSG User School 2020
e Learning about checkpointing and stash particularly helpful
e OSG Mentorship proved to be invaluable!

e OSG School + computational resources made the project possible- publication coming soon!

Input Size of 7+ GB:

V 4

e Attempt 1: Reading through [cvmfs )
e Attempt 2: Reading from [public through stash .

Runtime of 10+ hours: ‘

e Fix: Checkpointing
‘ 9/18



Stage 1 Search

MCMC Follow Up

Final Outliers

Upper Limits




*LIGO Computing - '

e 53 Mcore hours
e 0.95M hours /[ month
e 32K hours [ day

Core Hours [M]

All-sky Search for Continuous Gravitational Waves from Isolated Neutron Stars in the
Early O3 LIGO Data

LIGO Scientific Collaboration, Virgo Collaboration, and KAGRA Collaboration
(compiled October 12, 2021)

We report on an all-sky search for continuous gravitational waves in the frequency band )()-
} in the range of [~1.0,+0.1] x 10~® Hz/s. Such a si
could be produced by a nearby, spinning and slightly non-axisymmetric isolated neutron s
: lhe LI( O ddtd fmm the fi months of (1\(111((’(1 LIGO

upper limits on wc ¢ (liuearly polarized) strain amplitlule ho are ~ 1.7> near 200 Hz. For

‘.Zﬂ

a circularly polarize urce (mos rable orientation), the lowest upper limits are ~ 6.3 x 10
: upper limits refer to all ik\' l()('ation nd the entire range of ﬁe(luenu
lues. For a population-ave 7 1 ions a stellar orientations, the
(‘L upper limits on th i unphtude are ~ 1 4 x 1() 25, These upper limits improve
] e greatest improvement (factor of ~2) seen
g has drar 1\ nupmwd the de

noise /
date ¢ ete



*0SG Computing -

0SGConnect WallTime By Project

2.50 Mil

e 224 M core hours
e 1.4 M hours [ month
e 47K hours [ day

1.50 Mil

Walltime (h)

2022-05 2022-07 2022-09 2022-11 2023-01 2023-03 2023-05 2023-07 ‘




*Current Challenge -

e Slow transfer speed for large file transfers through stash

-- Schedd: login®4.osgconnect.net : <192.170.231.217:9618?... @ 07/09/23 20:20:08

ID OWNER HELD_SINCE HOLD_REASON
36346541.0 aashish_tripat 7/5 11:49 Transfer input files failure at execution point slotl_1@glidein_1341992_70015588@node081.lawrence using protocol stash. Details: Error from slot1l_1@glidein_1341992_
70015588@node®81.lawrence: FILETRANSFER:1:non-zero exit (1) from /scratch/job_50664/glide_lCglFw/client/stash_plugin. |Error: Failed to download from http://osg-kansas-city-stashcache.nrp.internet2.edu:80

Detected speed: 46.3 kB/s, total transferred: 6.6 MB, total tr

00/osgconnect/public/aashish_tripathee/full-o3/cleaned_30Hz_150Hz/H1/H1_split_aa_568800.splitsft + proxy=true: cancelled transfer, too slow.
ansfer time: 2m30.000987547s;Failed to download from http://osg-kansas-city-stashcache.nrp.internet2.edu:8000/osgconnect/public/aashish_tripathee/full-o3/cleaned_30Hz_150Hz/H1/H1_split_aa_568800.splitsft
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*Results (Preliminary)

PowerFlux Coherent Linear Max range for f= — 108 52
PowerFlux Coherent Circular . a5 =5
—— PowerFlux Coherent Population Max range for ’.:: —107"s
PowerFlux O3a Population 10° Max range for f= — 10712 572
Full O3 Circular Polarization Sensitivity (¢ =107%,107°,1078)
Full O3 Population Sensitivity (approximate)
O3a Population Sensitivity (approximate)
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JrOther Tidbits

B HTCONDOR-923

Projects / &) HTCondor /

Parent directories not properly created in some
cases. Jobs led to the discovery of HTCondor bugs!

Description

The following submit file's job goes on hold when it's scheduled the second time

Projects / [8 HTCondor / B HTCONDOR-809
because the parent directory of a file in the checkpoint hasn't been created,

assuming that subdir doesn't exist in the input sandbox. Self.checkpointing goes on hold after being
. . _ rescheduled.
1 universe = vanilla
2 executable = aashish.sh
: Description
i =0 11
i fecuinu The following submit file will run normally in one go, but if evicted after a
5 output = aashish/out

checkpoint, will fail to resume.

error aashish/error

1 universe = vanilla

2 executable = aashish.sh

3

4 1input = [dev/null

5 output = aashish/out

6 error = aashish/error
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logs2csyv -

Requested (4)

Helped pilot Tim Cartwright's logs2csv

3.90
CPUsUsed

Requested (7.5 GB)

i Requested (512 MB)
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7.83 x 10° 7.84 x 10° 7.85 x 10° 7.86 x 10°
DiskUsed

MemUsed
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logs2csv -

ExecCount 5 . 3 : ) ). : 0.64 0.61

EvictCount

Some interesting (but expected) correlations:
TermNorm O] SONINY -0-17 EOSTS

. e ExecCount - (EvictCount, RecFails, ByteRcvd,
ShdwExcpt -NoEHE 1 0.86 0.86 ( .

Disconns)
Holds -

e EvictCount - (ByteSent, ByteRcvd)

Releases - {0 SOmEN 0.86 0.99 il

Disconns «H 0.58 0.85

ShdwExcpt - (Holds, Releases, TermNorm)

Correlation
[ )

e Holds - (Releases, TermNorm)

Reconns -

e Disconns - (Reconns, RecFails, ByteRcvd)

RecFails

e ReckFails - ByteRcvd
FTStarts -§eE 0.29 0.33 0. 1 0.86 0.53

e FTStarts- (ByteSent, ByteRcvd)
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ByteSent

GGV 0.98 0.54 i) 0.6 0.39 0.39 0.62 0.67 0.53

Releases
Disconns
Reconns -
RecFails
FTStarts

ByteRcvd

ExecCount
EvictCount
TermNorm -
ShdwExcpt
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