Investigation of the scattered light
noise in KAGRA interferometer

Shih-Hong, Hsu

on behalf of the KAG%A collaboration KA RA

;;;;; . . . . . .
AEBIRERE National Yang-Ming Chiao-Tung University, Taiwan



Introduction & Motivation

Transient & Non-gaussian noise - Glitches

Spectrogram of the BBH Signal
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Gravitational wave signal in LIGO-Hanford

Spectrogram of the Glitch
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Introduction & Motivation

Different kinds of Glitches in LIGO O3 run
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Introduction & Motivation - KAGRA

KAGRA: Large-scale Cryogenic Gravitational Wave Telescope

Location:
e  Gifu prefecture, Japan
e Underground: small seismic motion

Cryogenic:
e 20 K: reduce the thermal noise
e Sapphire mirror

Interferometer:
e Michelson
e  Fabry-Perot: 3 km cavity




Introduction & Motivation — Scattered light noise in KAGRA

Scattered light noise in interferometers
* The recoupling of diffused light from scattering objects.

» Sequence of arch-shapes in time-frequency map. e.g. Q-spectrogram.
« The model of scattering light noise in time domain!!! is h,.(t) = G sin (4—; (%o +6 xSC(t)))

Sxsc| Q_Spec(30s): K1:CAL-CS_PROC_DARM_STRAIN_DBL_DQ

= =

 Time variation of frequency f,cp(t) = |2 2_"’86/1 (t)|

[1] M Wgs et al 2021 Class. Quantum Grav. 38 075020
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Introduction & Motivation — Scattered light noise in KAGRA

Q_Spec(30s): K1:CAL-CS_PROC_DARM_STRAIN_DBL_DQ

In KAGRA:

e Being seen in the strain signal from O4a run (2023.5.23
~2023.6.21)

e Sensitivity contamination of 30 ~ 100 Hz
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e Locally periodic occurring in Tsc = 2.3 s or fsc = 0.43 Hz
— movement of scattering objects
e Type-Bp suspension resonant frequency: 0.42 Hz
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Introduction & Motivation — Scattered light noise in KAGRA
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Introduction & Motivation — Scattered light noise in KAGRA

Type-A :::‘pension “E D ARM
Cryo-payload (U ~ e Differential arm length

e Readout of GW signal

e Michelson + Fabry-Perot

interferometer

MICH
e Michelson interferometer
e BS/ITMX/ITMY

- o
A POY-PD
PR3 pox.pp

PRCL
corsy e Power recycling
| e PRM/PR2/PR3

e Type-Bp suspension (0.42Hz)

1 I ' '
! Type-Bp |1 TypeB | 1 TypeC E
'-\ Suspension / \ Suspension ,; \ Suspension !



Introduction & Motivation — Scattered light noise in KAGRA
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Method — Q-transform & Q-Spectrogram

Trade-off of resolution (of or ot, tile size in spectrogram)

e Fourier transform: 6f — 0 ; 0t — =
e FFT spectrogram: 6f — 1/ dt (window length); 6t — dt = fixed resolution
e Constant Q-transform: 8f — f / Q; 6t — Q / f = Flexible resolution

Spectrogram of the Scattered light Signal:
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Method - Labeling: More Accurate Occurrence Frequency

Prepare 30 s

amd Normalization
Q-spectrograms

Binary amplitude Labeling the
by a threshold arches

Longest
consecutive

arch-sequence

Scattering light
noise frequency

amp>02—-1|lamp=<02-0
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Time [s] from 2024-10-07 20:13:59 UTC

Frequency [Hz]

K1:CAL-CS_PROC_DARM_STRAIN_DBL_DQ ->f_avg:43.16(+2.74) Hz;
period_sc: 2.33(+0.06) s; f_sc: 0.430(+0.012) Hz

Tsc= 1/fsc
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Output:
J Tsc, (o)
® fsc, Of

Constraints to the
Scattered light (SL):

e 0:<03s

® 0.3 <fsc<0.5 Hz



Method - Seismic motion

Seismometer
. ©l 1-axis accelerometer
3-axis accelerometer > .
microphone Yellow box:
Infrasound microphone Mirrors with type-Bp suspension

seismometer
3-axis magnetometer
1-axis magnetometer

Type-Bp suspension:

e Resonant frequency: 0.42 Hz
BN P 1T T Y e PRM/2/3 — PRCL
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Results — Seismic motion

20250413 Seismic motion near BS (0.1 Hz ~ 0.3 Hz)

Focused bands:
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Results — Scattered light occurrence v.s. Seismic Motion

MICH (Data collected from 2025 April)

01~03Hz 03~1Hz

SL occurrence - seismic motion: 0.1 Hz ~0.3 Hz SL occurrence - seismic motion: 0.3 Hz ~ 1.0 Hz
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Pearson correlation: 0.587 Pearson correlation: 0.785 — Highly correlated



Results — Scattered light occurrence v.s. Seismic Motion

DARM (Data collected from 2025 April) PRCL (Data collected from 2025 April)
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SL in MICH vs. 0.3~1 Hz seis: R? = 0.668 (exp); Cor: 0.785



Results — Daily Monitoring of Scattered Light

SL in MICH - seismic motion of 0.3 Hz ~ 1.0 Hz in different days

Example:

MICH, 2025, April

Results:

e Positive correlation between
scattered light occurrence and
seismic motion

e MICH found most scattered
light noises

e 10 SL threshold: 0.196 pm/s

SL labels per hour
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Conclusion & Future work

1. The theoretical model of scattered light noise worked to model the scattered light noise in
KAGRA. faren(®) = ‘2%
2. Scattered light noise can be seen in DRAM /| MICH / PRCL.

3. A method is developed to label scattered light noise and compute its feature.
4. 'We observed positive correlation between seismic motion and Scattered light noise
occurrence.

5. In the future, we hope to identify the source of scattered light noise and mitigate its effect to

the sensitivity of KAGRA.



Appendix



Q-transform

Constant Q-transform:
X(t,f,Q) = [__x(@w(r —t,f,Qe 2" dr

QZ
871'2f2

where w(t —t,f,0Q) = —Z_exp (—%(T — t)z); of =
t
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