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KAGRA design sensitivity
KAGRA

1. Sensitivity of GW Detectors
Ø Main noise sources in GW Detectors
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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

2024 LIGO

LIGO surpassed the SQL 
by 3dB with input-SQZ

→ Understanding SQZ degradation
is essential to fully benefit from SQZ

KAGRA is planning to 
introduce SQZ from O6 

Input-SQZ 4

https://arxiv.org/abs/2404.14569


1. KAGRA-specific issue: ITM birefringence
Ø Birefringence of KAGRA ITM
KAGRA ITM: anisotropic sapphire 
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2. KAGRA-specific issue: ITM birefringence
Ø Birefringence effects

Biref. Jones matrix

even if !!" = 0 , !#$% can be non-zero

TEM00 TEM00
HOM+

② TEM00 / HOM splitting

① S-pol / P-pol splitting

out!in! = 0 ≠ 0

inhomogeneous Biref. distorts the 
wavefront, and generates HOM

pure loss?
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2. Concern: SQZ & anti-SQZ mixing

S-pol
TEM00 P-pol

HOM

Ideal mode Bad mode

recombine
into the ideal mode

Bad modes experience 
a different SQZ rotation
than IFO mode

SQZ & anti-SQZ
mixing

pure loss

This effect must 
be considered !

P-pol: BS reflection
HOM: Gouy phase

=

SQZ

anti-SQZ

10



② Adding birefringence effect

④ Combining X/Y arm reflectivities, adding PRC 

③ Adding BS reflection phase shift for P-pol

① Adding polarization & port space

McCuller+ model

2. Mixing model (Extension of McCuller+ model)

extend

Mixing model (Our model)
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McCuller+ model Extension Step 1 (Our model)
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McCuller+ model

2. Mixing model (Extension of McCuller+ model)

extend

Extension Step 2 (Our model)
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McCuller+ model

2. Mixing model (Extension of McCuller+ model)

extend

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

Ø Result of mixing model

SQZ & anti-SQZ mixing 
can make input SQZ
worse than no SQZ !

Mixing modelBiref. = pure loss

16



Ø Result of mixing model

Mixing model

Pure loss model

difference

Sensitivity change with 
10 dB input-SQZ

-1.5dB (noise ×~1.19)
degradation!

+1dB (noise ×~0.89)
improvement

2: Mixing model (Extension of McCuller+ model)

Model A: pure loss model
Model B: mixing model
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2. Mixing model (Extension of McCuller+ model)

Ø Changing birefringence & input-SQZ level
Sensitivity change with X dB input-SQZ

In
je
ct
ed
 S
QZ
 [d
B]

current KAGRA

birefringence 1/10
(next KAGRA)

Injected SQZ [dB]

With birefringence
reduced to ~1/10,
stronger input-SQZ
improves sensitivity!

✂
✂

✂

✂
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3. Conclusion
① In KAGRA, ITM birefringence       may
degrade the input-SQZ noise reduction

② We built the mixing model focusing on 
SQZ & anti-SQZ mixing caused by birefringence

③ The mixing model shows that 
input-SQZ can worsen sensitivity 
compared to no-SQZ !

④ Input-SQZ becomes effective when
birefringence is reduced to ~1/10 "

My Works

This work clarifies 
when input-SQZ helps 

(quantum noise reduction) 

̶ and when it hurts ̶
in KAGRA
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