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1. Sensitivity of GW Detectors

> Main noise sources in GW Detectors
KAGRA design sensitivity
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https://www.researchgate.net/publication/40901511_AIGO_A_southern_hemisphere_detector_for_the_worldwide_array_of_ground-based_interferometric_gravitational_wave_detectors

1. Quantum noise reduction with input-SQZ
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KAGRA is planning to
introduce SQZ from O6

— Understanding SQZ degradation
is essential to fully benefit from'SQZ



https://arxiv.org/abs/2404.14569

1. KAGRA-specific issue: ITM birefringence

» Birefringence of KAGRA ITM

KAGRA ITM: anisotropic sapphire
— birefringence matters!
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1. KAGRA-specific issue: ITM birefringence

» Birefringence of KAGRA ITM

KAGRA ITM: anisotropic sapphire
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1. KAGRA-specific issue: ITM birefringence

» Birefringence of KAGRA ITM
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2. My Works:
SQZ & anti-SQZ mixing



2. KAGRA-specific issue: ITM birefringence
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2. Concern: SQZ & anti-SQZ mixing
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2. Mixing model (Extension of McCuller+ model)

McCuller+ model Mixing model (Our model)
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2. Mixing model (Extension of McCuller+ model)

McCuller+ model Extension Step 0 (Our model)
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2. Mixing model (Extension of McCuller+ model)

McCuller+ model Extension Step 1 (Our model)
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2. Mixing model (Extension of McCuller+ model)

McCuller+ model Extension Step 2 (Our model)
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2. Mixing model (Extension of McCuller+ model)

McCuller+ model This is Mixing model!
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2. Mixing model (Extension of McCuller+ model)

» Result of mixing model \‘ Y

A
R

Biref. = pure loss Mixing model ...
iy
— QL — SQL - - \
10224 — 0 dB SQZ (no biref) Cpfl 107 H==—04dB 5QZ (no birs) > 25
| —=- 0dB SQZ (with biref loss) === 04dB SQZ (with biref) P |
‘ 10 dB SQZ (no biref) Sl P s’ /

Strain ASD [1/VHz]
)

10 dB SQZ (with biref loss) e e

10-23+

102 10-24

Frequency [Hz] can mFaokeay [i-lﬁpult SQZ
worse than no SQZ @

1

g



2: Mixing model (Extension of McCuller+ model)

» Result of mixing model

Pure loss model Sensitivity change with
10722 ; :2?1LI3$QZ(nobiref) ///’ -I O dB inpUt-SQZ

—=- 0dB SQZ (with biref loss)

13 32 285 E:l(i)t:itr)ei:rfif loss) // =
S +1dB (noise %~0.89)
\ = 2 improvement
S J 8 I
= O R (N K R NN N 0 O R R | o U O
N p
10724 + \\\ [
. . =
102 103 104 - =2 s
y dI —d' ” = -1.5dB (noise %~1.19)
IXing mode Iifference D, _4- : 60
ng = /  degradation
10-2 — ogB SQz Ent? :i?f)f) 8 -6 /
—==- 0dB SQZ (with bire wv
10 48 502 (wit bt - - Model A: pure loss model
-8 / Model B: mixing model
g — EASEss —
Frequency [HZz]
102 10° 104 17

Frequency [Hz]



2. Mixing model (Extension of McCuller+ model)

» Changing birefringence & input-SQZ level
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3. Conclusion
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3. Conclusion

@ In KAGRA, ITM birefringence@ may
degrade the input-SQZ noise reduction

@ We built the mixing model focusing on
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SQZ & anti-SQZ mixing caused by birefringence

@ The mixing model shows that
input-SQZ can worsen sensitivity
compared to no-SQZ &

@ Input-SQZ becomes effective when
birefringence is reduced to ~1/10 &

This work clarifies
when input-SQZ helps

(quantum noise reduction)

— and when it hurts —
in KAGRA
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