
Status and 
Perspectives 
of KAGRA

Soichiro Morisaki on behalf of KAGRA

ICRR/University of Tokyo

Second International Conference on the Physics of
the Two Infinities @ Hongo Campus, Tokyo.

Nov. 21, 2025.



End mirror
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Gravitational waves variate differential arm length.
→ Detected as interferometric patterns.

𝛿𝐿 ∼ ℎ𝐿→ Need a large interferometer!
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If GWs with plus 
polarization propagate 
in the z direction …

Interferometric Gravitational-Wave Detector



Gravitational-Wave Observatories

3Figure credit: 
Caltech/MIT/LIGO Lab/ICRR

LIGO-Virgo-
KAGRA (LVK) 
collaboration
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KAGRA

• Interferometric gravitational-wave (GW) 
detector built inside the Kamioka mine in 
Hida City, Gifu Prefecture.
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• Key differences from LIGO/Virgo
(1) Underground → Improved stability 

thanks to low seismic noise
(2) Cryogenic mirrors and suspensions →

Reduced thermal noise

KAGRA’s cryostat Sapphire mirror

©ICRR
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3km arm length, d80cm vacuum ducts
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Observing Timeline

7Now

Credit: https://observing.docs.ligo.org/plan/

KAGRA 
conducted 
observations 
during O3, 
O4a, and O4c!

https://observing.docs.ligo.org/plan/


KAGRA Optical Configuration for O4 (PRFPMI)
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KAGRA O4a

• Period:
24th May 08:00 (JST)–21st June 08:00 (JST) in 2023

• BNS range: ∼ 1.3 Mpc (∼ 0.7 Mpc in O3GK)

• Duty cycle: ∼ 80% (53.2% in O3GK) including
weekly maintenance

• Main lock-loss sources are earthquakes.
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Figure: Binary neutron star (BNS) range 
of KAGRA during O4a 



Observing Timeline
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Credit: https://observing.docs.ligo.org/plan/

Commissioning for O4b/c
Target BNS: ~10 Mpc

https://observing.docs.ligo.org/plan/


Noto Earthquakes
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List of Large Earthquakes in the past 100 years
• 1909 Aug 14, M6.8【Anegawa】Lv.3
• 1944 Dec  7, M7.9【Tounankai】Lv.4
• 2011 Feb 17, M5.5【Hida area】Lv.3～4
• 2023 May 5, M6.5【Noto Peninsula】LV.2～3
• 2024 Jan   1, M7.6【Reiwa 6 Noto Peninsula】LV 5- (Red means KAGRA was operated.)

Lv.5- was the largest earthquake at least in the last 100 years.

Data analysis building

Inside 
Room

KAGRA site and Data analysis building



Noto Earthquakes

12

Magnet dropoffSignal wire cut

10 out of 20 mirror suspensions were damaged …

: damaged

The recovery was completed, and 
commissioning resumed in July 2024, 
thanks to the tremendous efforts of
the on-site researchers.



Commissioning toward O4c
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Commissioning toward O4c
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March 2025: 
Env. noise and
Beam jitter noise reduction

Frequency (Hz)



KAGRA O4c
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KAGRA’s Best
BNS Range ∼ 𝟕. 𝟓 𝐌𝐩𝐜

• Period: 11th June– 18th November in 2025

• Affected by earthquakes in Tokara Islands (mid 
July) and Kamchatka Peninsula (July 30–August)

• Failure of main laser (August 15th –) →
Recovered on November 14th

Figure: BNS range of KAGRA 
on July 2, 2025.
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Two Infinities: Gravitational Waves and Dark Matter
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fused silica Sapphire

• Dark photon exerts composition-dependent force 
on mirrors.

• Length between fused-silica and sapphire mirrors 
is monitored in KAGRA’s auxiliary channels.
Ref: Y. Michimura, T. Fujita, SM et al., PRD 102, 102001 (2020).

• A search with KAGRA data during O3 was 
conducted. 

• Upper bounds on the dark-photon
coupling constant were obtained.

Ref: LIGO-Virgo-KAGRA, PRD 110, 042001 (2024).

Dark 
photon



Future Observations
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Credit: https://observing.docs.ligo.org/plan/

https://observing.docs.ligo.org/plan/


Future Observations

19Now

Credit: https://observing.docs.ligo.org/plan/

?

https://observing.docs.ligo.org/plan/


KAGRA beyond O5
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KAGRA collaboration, arXiv: 2508.03392

https://arxiv.org/abs/2508.03392
https://arxiv.org/abs/2508.03392
https://arxiv.org/abs/2508.03392


KAGRA beyond O5: Sensitivity Improvements at kHz
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• HF vs BB:
High Frequency vs Broad Band

• mod/2k/3k: HF variants optimized for
different target frequencies

• A+ and A#: LIGO’s design sensitivity for 
O5 and O6

• Why HF with KAGRA?
– Sapphire’s high thermal conductivity 
mitigates thermal lensing effects, 
allowing high laser power.Figure: KAGRA’s representative sensitivity options 

for O6



KAGRA beyond O5: Sky Localization

Detector network: 2 LIGO detectors (A# sensitivity), Virgo (O5 sensitivity), and KAGRA.

HF options perform better (worse) for BNSs (BBHs) than BB options. 22

𝟏. 𝟒𝑴⊙- 𝟏. 𝟒𝑴⊙ BNSs at 200Mpc 𝟑𝟎𝑴⊙- 𝟑𝟎𝑴⊙ BBHs at 1Gpc

Figure: Cumulative distribution of sky localization errors



KAGRA beyond O5: Measuring NS’s Tidal Effects
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Sensitivity improvements at kHz

→Better measurements of tidal effects

→Tighter constraints on

the NS equation of state (EoS)

Two observable tidal effects

• Inspiral acceleration dependent on

NS’s tidal deformability 𝛬.

• Post-merger signal emitted from

a rapidly spinning remnant NS. Figure: Frequency evolution and waveform of
BNS signals for various equations of state

Data credit: Kyoto group (2020)
15H EoS
135H EoS
B EoS
Binary Black Hole



KAGRA beyond O5: Measuring NS’s Tidal Effects
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PSD Horizon 
(Mpc)

Detection Rate 
(1/year)

A# 60.1−90.7 2 × 10−3-8 ×
10−2

BB40FIS_HQS 16.7−25.1 4 × 10−5−2 ×
10−3

HFmodFIS_HQS 55.7−84.2 1 × 10−3−6 ×
10−2

HF2kFIS_HQS 66.9−104.0 2 × 10−3−1
× 10−1

HF3kFIS_HQS 67.3−132.4 2 × 10−3−2
× 10−1

Table: Horizon distances and detection rates of
BNS post-merger signal for various KAGRA configurations 

Figure: Mass-weighted tidal deformability ෩Λ inferred
from a simulated BNS signal 

With the HFmod or HF2k configuration, 
KAGRA can help improve constraints 
on tidal deformability.

The HF2k and HF3k configurations can 
maximize the detectability of
the BNS post-merger signal.



Conclusion

• KAGRA is an interferometric GW detector located in Japan.
• Built underground to reduce seismic noise
• Uses cryogenic mirrors and suspensions to reduce thermal noise

• KAGRA participated in O3, O4a, and O4c.
• Achieved a best BNS range ~7.5 Mpc during O4c.
• Suffered damage from the Noto earthquakes but has recovered.

• Future plans for KAGRA are under discussion.
• A part of ~6-month observation run in 2026–2027 is being considered.
• The target BNS range for O5 is > 25 Mpc to enable the first GW detection.
• Long-term plans beyond O5 are being explored, including sensitivity 

improvements around kHz. 25
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