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‘Typical’ way we think about the detector
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B. P. Abbott et al., PRL 116, 131103 (2016)



In reality though it's much more complicated...

high power oscillator (HPO)
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‘Typical way we think about the data

IGWN gravitational-wave strain

Often assume the LIGO
data are stationary,
coloured Gaussian noise
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® Stationary - properties of
the noise are constant
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® Coloured - more noise at
particular frequencies
(as opposed to ‘white’
noise)

https://gwosc.org/detector_status/

The Gaussian
eeeer»e distribution

® (Gaussian - value of the
data follows a Gaussian
distribution

(red) fits the
data well.




In reality the data are not stationary or Gaussian
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L ots of noise transients (‘glitches’)
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You can help categorise glitches at:
https://www.zooniverse.org/projects/zooniverse/gravity-spy

D. Davis et al., CQG, 38, 135014 (2021)


https://www.zooniverse.org/projects/zooniverse/gravity-spy

Detector Monitoring

* There are over 200,000
channels which monitor
Instrument behaviour and
environmental conditions

| ° These channels witness a
1 broad spectrum of
potential coupling
mechanisms

il © We look for correlations
l Dbetween data in the

: , gravitational wave
temperature sersor Ed 5 channel and these
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B. P. Abbott et al., Class. Quant. Grav. 33, 134001 (2016)




Mitigating noise sources

 We analyse all data which were collected when the detectors are in their
observation state

« When a noise source is identified, the instrument hardware/software is
modified to remove/reduce the effect of the noise

 We sometimes wish to remove egregious data from the search which was
collected during a time of a known instrumental problems

e Thisis only done by systematically identitying and removing troublesome
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Figure: J. R. Smith et al., Class. Quant. Grav., 28, 235005 (2011)



Mitigating glitches can sometimes be tricky
thougn...
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https://alog.ligo-wa.caltech.edu/al. OG/index.php?callRep=37630


https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=37630

Ravens peck at ice accumulating on
nitrogen discharge line from cryopump

| Raven perched just past where
|| the ice is accumulating
T Pl

https://alog.ligo-wa.caltech.edu/al OG/index.php?callRep=37630 11



https://alog.ligo-wa.caltech.edu/aLOG/index.php?callRep=37630

What can really happen around a GW event

| Camera shutter
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Around 1/4 of events in O3 have data quality issues in the analysis window...
seeing the same in the current observing run

R.Abbott et al., 2021, PRX accepted, arXiv:2111.03606
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Subtracting glitches

Normalized energy
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g vl Y J ) Only uses strain data

gwsubtract - linear
subtraction algorithm
that uses auxiliary
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D. Davis et al., CQG, 39, 245013 (2022)



Noise can make it difficult to trust
estimation of parameters
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(a) Sky localisation of a GW150914-like event injected at 1, + 30 m ' ' '
relative to the blip glitch central time 7,. The 90% credible area is Find that i a 30M © +30M © BBH Slgnal

137 deg’. overlaps with a blip glitch a very
| | specific point in the waveform, then

the sky estimate can be really wrong.

L1:GDS-CALIB_STRAIN with Q of 45.0
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(b) Identical skymap to Fig.4a except that the injected GW signal
2 Time [seconds] from 2019-05-08 01:24:26.58 UTC (1241313884.58)

was phase-shifted by /2. The 90% credible area is 8 deg”.

R. Macas et al., 2022, ORD 105, 103021



Some forms of noise can
confuse a search...

S190518bb - binary neutron
star?

e Extreme DQ issues at the
time of the event at LIGO
Hanford

* Further investigation revealed
that the noise was caused by

a nearby earthquake

 This candidate event was
retracted after 30 minutes
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https://gcn.gsfc.nasa.gov/other/
S$190518bb.gcn3
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Cleaning large amounts of data

Shaking of input laser table caused by turbulent water flows used to cool the laser
resulted in extra noise at LIGO-Hanford

This noise was successfully measured using auxiliary witnesses and subtracted

Numerous line effects (due to calibration and correlations with the 60Hz mains) were also
subtracted
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D. Davis et al., CQG, 36, 055011 (2019)
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LISA
Laser Interferometer Space Antenna
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P. Amaro-Seonane et al., arXiv:1702.00786 (2017)




LISA Data Challenge

—— Instr. noise

Verification binaries
Full Galaxy
— NIBHBs
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Sangria - Massive black hole binaries and galactic binaries injected in to
Gaussian Noise

More information at: https://lisa-Idc.lal.in2p3.fr/
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Estimating the noise -
the annoyance of galactic binaries

| —— ATDIPSD - no GBs
| —— ATDI PSD - Sangria
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C. R. Weaving et al., 2023, CQG accepted, arXiv:2306.16439
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Spritz

Massive black hole

https://lisa-ldc.lal.in2p3.fr/ binary

K. Dey et al., 2021, PRD 104, 044035 - Effect of data gaps on the detectability and parameter estimation of MBHBs
e Q. Baghi et al., 2019, PRD 100, 022003 - GW parameter estimation with gaps in LISA - a data augmentation method
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Challenges in GW DQ

Non-Stationary noise
e both instrument and source related

Non gaussian noise transients (or glitches)
e different timescales depending on the instrument, and
these will affect source characterisation in different ways

Noise lines
e More likely to affect persistent sources of GWs

Gaps in the data

Unknown - you don’t know for sure until you
turn on the detector...
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Questions?



