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What is Detector Characterization?




Gravitational-wave detectors: Expectation
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Gravitational-wave detectors: Reality

Vent Recovery: First locking attempts, can go to CARM 5 pm

Ibrahim, Elenna

In summary, we can make it to CARM to REFL!

Here are some notes about recovering lock. | am bolding the ones that | think are urgent/should be read by anybody who next attempts
to lock this IFO.

Before we even started this process, | set all DRMI and PRMI ASC to false except MICH ASC.
Locking green arms is a very "smooth" process (read: ALSY sucks a normal amount)
Locking ALS proceeded without any hitch, as well as the find and check IR states.
| first had problems with acquiring DRMI, even though at first glance the POPAIR flashes looked good. | tried PRMI, with good
flashes, still no luck. | eventually had to go through MICH fringes, even though we had just run a successful initial alignment.
Any state where the power needs to change requires manualing in one or more guardians- the laser power guardian
stalls because it gets stuck in some "10W idle" state.

o This is likely due to miscalibration in the rotation stage. If you get stuck, just manual to the power you need!
After MICH fringes | went back to PRMI, and moved the PRM endlessly with no luck until | nudged the beamsplitter and
everything immediately locked. Puzzling, because we had run at least two different MICH alignments at this point.
Even with PRC1 disabled in PRMI ASC, the guardian still runs WFS centering on ALL WFS, which means it will error because
the WFS centering isn't working well on the REFL WFS right now. | again had to manual around the WFS centering stage so it
could offload MICH alignment.

o this ended up being an SDF error which | fixed, see further notes
Manualing around in ISC_DRMI seemed to stall things out, and since | was playing fast and loose with the guardian, caused a
lockloss when | clicked "init" (I was trying to remanage guardians).
Next lock went fine and | went straight to DRMI lock. (no need for PRMI or MICH fringes)
when DRMI caught lock, the AS AIR camera started shaking. Ibrahim saw that it was the beamsplitter, specifically F2
and F3 osems seemed to briefly saturate. | averted this problem by turning the LSC MICH gain down by 10% (MICH2
gain from 1 to 0.9).
Guardian got stuck in acquire DRMI 1f because the WFS centering on REFL failed again. | manualed over again to avoid it.

Everything proceeded very well, the alignment looked great, | ran all the way to "CARM to REFL" and something started shaking.

o At lockloss, there was a beamsplitter saturation warning, so | think something is funky in either the MICH LSC or ASC
loop.

LHO alog May 2025 6



Gravitational-wave signals: Expectation
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Gravitational-wave signals: Reality

Hanford, Washington (H1)
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Glitches presentin data

Instrumental artifacts are present
in the data, including a large
number of short duration noise
transients we call glitches

Frequency [Hz]

1000

100

[
| o
&
o

1000

Slow scattering

100

1.0

Extremely loud

Fast scattering

20 =20

Time [seconds|

—-1.0

0.0

- 25

- 20

15

10

Davis+ 2021

Normalized energy

9




Lots of them in fact!

Much higher in the most recent observing
run than in the past

But O4 looks to be a bit better than O3!

Glitches per minute

| LIGO Hanford |
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Lines present in the data

[1187308818-1187395218, state: Observing]

LIGO gravitational-wave strain [h(t)]

10 19 T

] N L1
10-20-; .

10—2: \w

= 124 ]
100 103

Frequency [Hz]

p—

S
(8]
—

—

S
[3V]
(5]

GW amplitude spectral density [strain/vH

—
o




Strain [1VHz]
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Doing this correctly is vital for our science
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What makes this a good fit for machine
learning?




Large, complicated dataset
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Many problems that are difficult to address analytically
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Lots of variety
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L ots of manual intervention

Channel details
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The flip side of these benefits

Many problems we don’t have enough data to solve,
there’s a finite number of sensors

~

It is very challenging to develop simulated datasets
for testing or performance evaluations

~

Lots of manual
intervention

N

Large, complicated

dataset
. I
Few analytic
Solutions
N
Lots of variety

N

Problem is constantly changing, solutions need to be
targeted but also generic

~

Wide variety of best practices have been developed
that are qualitative and hard to emulate

~
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x = [

What is around?

Note this is far

from an
exhaustive list
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Classifying
Glitches
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https://arxiv.org/abs/1711.07468
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Identifying
Noise Sources

LASSO
Walker+ 2018
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https://arxiv.org/abs/1911.11831
https://arxiv.org/abs/2412.09832

Subtracting
Noise
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https://arxiv.org/abs/2005.06534
https://arxiv.org/abs/2111.03295
https://arxiv.org/abs/2501.04883

Simulating
Glitches
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https://arxiv.org/abs/2412.17185
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Improving

Interferometer

Perfromance

Squeezing
Predictions
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Where to go next?




How do we adapt even more sensitive detectors?
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Fxample: Will glitches be a problem in the future?

=== PyCBC = cWB

~~——_ |

%55,

=

T~
\\

0.7

Relative luminosity horizon

N

0.6

10

—~2 10~ 1200 TGt 102
Glitch rate [min™!]

Probability of glitch overlap

— 1'4M®— 30M® 'R
— 5Mg = 100Mp

SNe

\
\

o (=]
= o))
P
~—_
~—
~—
T —
T —

<

S
o

103 1072 10! 10° 10t
Glitch rate [min™!]

102

4 )
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rate of glitches,
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Suggestions for new Detchar-ians

e There’s lots of room for more growth in this field! Please come join us

e These types of problems will only grow in importance as
gravitational-wave astronomy becomes more precise

e Understanding the field is an important part of making a significant
contribution - hands on experience is best

e There’s no “silver bullet” to many of these problems, but making some
progress is often enough to be helpful

This material is based upon work supported by NSF's LIGO Laboratory which is a major facility fully funded by the

National Science Foundation. 29
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