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Gravitational Waves (in a single slide)

• Primary (and so far only confirmed) source:
Compact Binary Coalescence (CBC)

• Three CBC categories
• Binary Black Hole (BBH)
• Neutron Star–Black Hole (NSBH)
• Binary Neutron Star (BNS)

• Four observing runs (O1, O2, O3, O4) by
LIGO-Virgo-KAGRA detector network
• 90 CBC detections from O1–O3 
• O4 is ongoing and will conclude today.
• LIGO’s best BNS range: 180Mpc 2

Credit: Vijay Varma et al. , 
Binary Black Hole Explorer 



O4 Alerts
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Detection rate∼1/(a few days)

• Mostly BBHs

• Several NSBH candidates
➢ Recent candidates:  

S250206dm, S241109bn

• No conclusive BNSs

Several well-localized BBHs

• S250830bp (3.7 deg2 at 90%)
• S240615dg (5 deg2)

• S250119cv (9 deg2)



O4a Data Release
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128 new events
from O4a (May 2023–
January 2024)

+ a few exceptional 
events from O4b, c

LIGO-Virgo-KAGRA, arXiv: 2508.18082.

LIGO-Virgo-KAGRA, PRL 135, 
111403 (2025),
LIGO-Virgo-KAGRA, ApJL 993, L21 
(2025).



GW231123: BBH with Total Mass 190–265𝑴⊙

5Figure: Inferred masses of GW231123

• The most massive BBH observed so far:
𝒎𝟏 = 𝟏𝟑𝟕−𝟏𝟕

+𝟐𝟐𝑴⊙, 𝒎𝟐 = 𝟏𝟎𝟑−𝟓𝟐
+𝟐𝟎𝑴⊙.

• The masses may be in the pair-instability 
mass gap (60– 130𝑀⊙).

• Both BHs exhibit high spins:
𝜒1 = 0.90−0.24

+0.10, 𝜒2 = 0.80−0.51
+0.20.

Credit: LIGO-Virgo-KAGRA, ApJL 993 1, L25 (2025).



GW250114: Loud BBH with SNR~80

6Figure: Inferred masses of GW250114

• A loud BBH with signal-to-noise ratio~80.
• Typical BBH:
𝑚1 = 33.6−0.8

+1.2𝑀⊙, 𝑚2 = 32.2−1.3
+0.8𝑀⊙, 𝜒1,2 ≤ 0.26.

• Precise tests of Hawking’s area law and
the Kerr nature of a remnant black hole

Credit: LIGO-Virgo-KAGRA, PRL 135, 111403 (2025).



GW241011 and GW241110: Possible Hierarchical Mergers 

• Unequal masses and high primary spins
→ Primary BH might be formed by 
→ another BBH merger.

• GW241011 is the third loudest event 
with SNR∼ 36, exhibiting strong 
signatures of orbital precession and 
higher-order modes.

• GW241110’s primary spin is likely 
significantly misaligned with orbital 
angular momentum, 𝜃1 > 90∘ at 97.7%.
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Credit: LIGO-Virgo-KAGRA, ApJL 993, L21 (2025).



Population: Masses
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Credit: LIGO-Virgo-KAGRA, arXiv: 2508.18083.
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Population: Masses
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Credit: LIGO-Virgo-KAGRA, arXiv: 2508.18083.
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Population: Masses
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Credit: LIGO-Virgo-KAGRA, arXiv: 2508.18083.
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Population: Spins

• More support for spins aligned with orbital angular momentum (See Kazuya’s talk 
for more details).

• Our analytic method was employed for accurate inference.
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Credit: LIGO-Virgo-KAGRA, arXiv: 2508.18083.

𝜒eff 𝜒p

M. Iwaya, K. Kobayashi, SM, Kenta Hotokezaka, and Tomoya Kinugawa, PRD 111, 103046 (2025).



Our Team
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Our Projects and Publications (This Year)

• Statistical properties of BBHs (See Kazuya’s talk).

• Ringdown of a remnant blackhole (See Motoki’s talk).

• Search for sub-solar-mass BBHs (See Yasuhiro’s poster).

• Rapid parameter estimation using machine learning for O5 (See Kazuki’s poster).
• Tests of General Relativity with GWs

• Search for ultralight bosonic dark matter with GW data.
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M. Iwaya, K. Kobayashi, SM, Kenta Hotokezaka, and Tomoya Kinugawa, PRD 111, 103046 (2025),
T. Ghosh et al., ApJS 281, 11 (2025).

SM, H. Motohashi, M. Suzuki, D. Watarai, arXiv: 2507.12376 (2025).

Y. Murakami, T. Ghosh, SM, arXiv: 2511.XXXXX (2025).

SM et al., arXiv: 2503.04484 (2025).

H. Imafuku, H. Takeda, A. Nishizawa, D. Watarai, and K. Cannon, PRD 112, 024028 (2025),
D. Watarai, A. Nishizawa, H. Takeda, H. Imafuku, and K. Cannon, arXiv: 2509.17592 (2025).



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

?

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


Conclusion

• Several interesting events from O4!
• GW231123: BBH with Total Mass 190–265𝑀⊙

• GW250114: Loud BBH with SNR~80
• GW241011 and GW241110: Possible Hierarchical Mergers 

• More precise understanding of mass and spin distribution of BBHs.

• Our team actively works for maximizing the scientific outcomes from O4 data
(Spin distribution of BBHs, tests of GR, sub-solar-mass BBHs, machine learning, etc.).

• Possible ~6-month observation run in 2026–2027.
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