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04 is ongoing!

Observable range of binary neutron star:
160-165Mpc (LIGO), 50-55Mpc (Virgo).

159 significant events (as of 16
November 2024)

Planned end date: 9 June 2025.

KAGRA will rejoin the observation with
the target sensitivity ~ 10Mpc.

Observable range of binary neutron star (Mpc)
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01+02+03 = 90, O4a* = 81, O4b* = 71, Total = 242

* 04a and 04b entries are preliminary candidates found online.
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GW230529 - Another NSBH candidate from 04

 Likely the most symmetric NSBH event Figure credit:
with the primary in the mass gap: AR
my =3.695Mo, m,=1.4*3SM, ]
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 Single-detector event with SNR ~ 11 in 03
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Leveraging O4 BBHs: Formation History
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Leveraging O4 BBHs: Formation History

Recovering the distribution of source parameters from data is challenging.

* Need to incorporate selection effects (e.g., heavier ones are easier to observe).
e.g., [.Mandel, W. Farr,and J. R. Gair (2019).

* Some of the results are not robust against the choice of model distribution.
e.g.,J). Roulet et al. (2021), S. Galaudage et al. (2021).

* Many error sources in likelihood evaluations, with some of them growing as
the number of events increases.
e.g., R. Essick and W. Farr (2022), C. Talbot and J. Golomb (2023).




Leveraging O4 BBHs: Formation History

We are improving the analysis framework for O4 analyses, in collaboration with the CO2 group.

* We investigate potential error sources in likelihood evaluations (See the next talk).

M. Iwaya, K. Kobayashi, SM, K. Hotokezaka, T. Kinugawa in preparation
(manuscript being reviewed by LVK).

* We examine potential biases from the choice of prior (See the poster by Kazuya Kobayashi).
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Leveraging 04 BBHs: Ringdown
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The ringdown signal is a superposition of
damped sinusoids:
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Leveraging 04 BBHs: Ringdown

We are analyzing O1-03 BBHs and

Improving the analysis method for O4 BBHs.

 We found that the conventional method
tends to underestimate remnant masses.

* We developed a semi-analytic method

using the Gram-Schmidt orthogonalization.

See the poster by Motoki Suzuki.
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Seeking New Discoveries: Sub-Solar Mass

* Merging sub-solar-mass binaries may exist,
e.g., in the scenario of primordial BHSs.

» Lower masses > longer duration
ex) Duration~ 1 day for 0.1M5- 0.1M,.

* We are developing an efficient search
method that incorporates Earth’s rotation
(See the poster by Yasuhiro Murakami).
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Seeking New Discoveries: Ultralight Dark Matter

GW detectors are sensitive to ultralight Dark photon mass (eV)
bosonic dark matter (dark photon, axion, ! 10713 10712
dilaton etc.) as well as GWs. % -
E 10704
* We conducted a search for dark photon 2
with KAGRA O3 data and obtained g 107 |
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SM et al.in preparation. Figure: Upper bounds obtained from KAGRA O3 data




Low-Latency Parameter Estimation in O4 and toward O5

GCN Circular 34087

Subject

LIGO/Virgo/KAGRA S230627c: Updated Sky localization and EM Bright
Classification

Date

2023-06-27T04:37:12Z

From

jgolomb@caltech.edu

The LIGO Scientific Collaboration, the Virgo Collaboration, and the
KAGRA Collaboration report:

We have conducted further analysis of the LIGO Hanford Observatory
(H1) and LIGO Livingston Observatory (L1) data around the time of the
compact binary merger (CBC) candidate S230627¢ (GCN Circular
34086). Parameter estimation has been performed using Bilby [1] and
a new sky map, Bilby.multiorder.fits,0, distributed via GCN Notice, is
available for retrieval from the GraceDB event page:

Update GCN circular for S230627/c
https://gcn.nasa.gov/circulars/34087

Latencies of parameter-estimation updates
were ~days in O3.

We developed a rapid parameter estimation
technique for O4 (SM and V. Raymond 2021,
SM et al. 2023):

* ~10 mins for a BNS signal
* ~1 hour for a NSBH signal

ex) For S230627c (a NSBH candidate), updated
skymap was sent ~2 hours after detection,

reducing the 90% credible area:
90 deg? = 82 deg?.



https://gcn.nasa.gov/circulars/34087

Low-Latency Parameter Estimation in O4 and toward O5

We are utilizing a machine learning technique
known as Simulation-Based Inference to achieve
prompt parameter-estimation updates in O5.

Future work:

* Accelerating training with multibanding (SM
(2021)) and relative binning (B. Zackay et al.
(2018)).

 Efficient parameterizations of intrinsic and
extrinsic parameters (E. Lee, SM, and H. Tagoshi
(2022), ). Roulet et al. (2022)).

See the poster by Kazuki Takada.
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Summary

* 04 is ongoing with LIGO’s binary-neutron-star ranges ~ 160Mpc and will end on
9 June 2025.

» Several ongoing projects in preparation for O4 analyses and toward O5.
« Statistical properties of binary black holes.
 Tests of General Relativity with ringdown signals.
* Searching for sub-solar-mass binaries and ultralight dark matter.
* Low-latency parameter estimation using machine learning techniques.

« TODO:
* Hopefully, we will detect multimessenger events in the remaining part of O4.
« What can we do from non-detections? We will obtain better estimates on rates.




	Slide 1: Status and plans of A02
	Slide 2: A02 members
	Slide 3: O4 is ongoing!
	Slide 4: GW230529 – Another NSBH candidate from O4
	Slide 5: Leveraging O4 BBHs: Formation History
	Slide 6: Leveraging O4 BBHs: Formation History
	Slide 7: Leveraging O4 BBHs: Formation History
	Slide 8: Leveraging O4 BBHs: Ringdown
	Slide 9: Leveraging O4 BBHs: Ringdown
	Slide 10: Seeking New Discoveries: Sub-Solar Mass
	Slide 11: Seeking New Discoveries: Ultralight Dark Matter
	Slide 12: Low-Latency Parameter Estimation in O4 and toward O5
	Slide 13: Low-Latency Parameter Estimation in O4 and toward O5
	Slide 14: Summary

