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Data Science Challenges in
Gravitational Wave Astronomy

Tyson Littenberg (NASA/MSFC)
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GW data is typically noise-dominated

Noise characterization as important
as signal characterization

Noise statistics are tricky—time
varying, occasional transients

Mitigate tfor covariances with
astrophysical sources, or tfalse alarm
detections.

™D

D

1= ¢

-9 )

{e-do)

ie-4]

fe—4)
144
| L
le-40
le-<7

&3

13

1=
je-0
1<)
&
14
44
145
-4,
147

-4

iro o

resiaual 1
wilne el |
Line ol '
» '
!
- ’
LY :
|
» 1 1 4
L 4 4 .”"
= ' R
;
- -
s J 4
a . |

o0 A

ety 1Q
1FOD 1
1 2 v e T——
resiausl ‘
3 wiire sodel "
k Line 0w “
> 4
| |
™ e
’ - ‘
~{ . ;
bl o g ‘ v -~|'"

> Y
|
{
d !

pred 2hrain

it

whiitersd sirain

irc
|
axia
\'!]'_0.'
!
-
A -
0O -4
Time 19
11
- Y - - 4-1
N a
glitch =

i 5




Gravitational Wave Data Analysis in a Nutshell &

Data Conditioning
&
Calibration

Produce low-level
data products

Machine Learning
Crowd Sourcing
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Characterization

Produce low-level
data products

Machine Learning
Crowd Sourcing

Parameter estimation
Hypothesis testing

Bayesian stochastic
sampling




Gravitational Wave Data Analysis in a Nutshell @&

Data Conditioning

Produce low-level Machine Learning

& .
data products Calibration Crowd Sourcing
ldentify candidates Matched filtering

Estimate significance

Alert EM partners Detect|on

Fourier analysis
Cross-correlation

Upper limits Excess power
Parameter estimation Characterization Bayesian stochastic
Hypothesis testing sampling

Containerization?
Dimension reduction/clustering?

Store/distribute high-level

data products Cataloging




LIGO

 NSF-funded project ‘

e Both LSU and MSFC are members of the LIGO
Scientific Collaboration

* NASA involvement primarily through multi
messenger follow-up (c.f. Fermi-GBM)

e Active areas of cross-cutting data science include:
e Joint multi-messenger analyses (MSFC-led)

* mproving latency and communication w/
observing partners (GSFC-led)




Finstein@Home

einstein

@ home

What is Einstein@Home?

Cinstan@Home IS & program that uses your ‘

computer’'s idie time to search for gravitational waves
from spinning isolated compact objects (among which
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Gravity Spy

. Gravity Spy ©
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Joint GW+Gamma-ray Analyses

Onboard
triggered
search

Sub-
threshold

un-targeted
search

Sub-
threshold
targetead

search

Targeted
GRB Follow-

up




LISA

« ESA-led mission selected for

launch In early

2030s, Entering Phase-A In Europe this

spring.

 NASA contribution under study lead by

GSFC, supported by MSFC a

Nd others

* Data Science among technology

contributions from NASA bein

g studied




| [ISA Sources

Supermassive black-hole mergers

e |ong-lived transient sources

* need real-time updates of source
oroperties to coordinate multi
messenger observing

e very strong signals—important to
control systematic errors from data
models.
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| [ISA Sources

White-dwarf binaries

e continuous, slowly evolving signals

 10s of millions(!) in band, 10s of
thousands resolvable, 10s of known
sources from EM observations

Characteristic S

e very complicated catalog!
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| [ISA Sources
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| [ISA Sources

Stellar-origin binary black holes

» Continuous or long-lived transients

 New astrophysical sources,
discovered by LIGO

e Possible for multi-band observations
with ground-based GW observatories
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| [ISA Sources
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* 100,000+ parameter model with
non-trivial covariances

* High-performance & high-
throughput computing

Characteristic

* Challenge to take output of global
fit and synthesize high-level data
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| ISA Science & Analysis Activities

e \Waveform modeling

 Data analysis tools

* |Instrument response modeling

e | ow-latency pipelines®

* Individual & global source identification

e Source catalogs

* Multi-messenger analysis and operations strategies

o Astrophysical interpretation

Laser [sterforometer
Space Antenna

LISA Data Analysis Work Packages
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