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FY2023 NAOJ / SOKENDAI Summer Student Program Instruction Plan

Research Topic
The redshift evolution of spin distribution of GW sources from massive triple systems

Name of Supervisor(s) Campus
(In case of group instruction, names of all members) Mitaka
Takashi Moriya
Andris Dorozsmai
Representative's NAOJ project affiliation Job title (SOKENDAI)
Division of Science Assistant Professor
Period of research guidance Number of days actually required for research out of
1 August - 1 September the period shown on the left.
4 weeks

Outline of the program (please write a brief introduction first, followed by a summary of the research
topic)

Despite nearly 100 detections of merging binary black holes by the LIGO-Virgo-KAGRA collaboration,
the formation pathways of these systems remain uncertain. In the near future, improved sensitivity of
gravitational wave (GW) detectors will allow for mapping correlations between various GW observables
and redshift. Among these observables, black hole spins have long been recognised as a key diagnostic,
as different formation channels predict different spin orientations. Understanding how the spin
distribution evolves with redshift offers a promising approach to constraining GW formation
mechanism, especially since early studies already indicate that the spin distribution may change over
cosmic time.

In this project, the student will determine the redshift evolution of spin distribution of GW sources that
originate from massive stellar triple systems by analysing a simulation dataset produced by a numerical
code developed to model the evolution of such systems. These triples consist of an inner binary and a
more distant tertiary companion. The inner binary forms the merging black holes, while the tertiary can
induce spin-orbit misalignment through dynamical interactions, potentially leading to spins that lie
preferentially in the orbital plane. The distribution of these spin tilts is expected to depend on the
metallicity of the progenitor stars, and therefore on redshift.

The student will model how this spin distribution evolves with redshift by combining triple evolution
simulations with semi-analytical models of metallicity-dependent star formation. These results will
contribute to a larger collaboration in whihc the spin tilt evolution is explored for two additional
merging binary black hole formation channels. At low redshifts (z < 1), the results will be compared
with current observations from LIGO-Virgo-KAGRA. Predictions will also be extended to higher
redshifts (up to z ~ 6) to identify potential features in the spin distribution evolution that could be
detectable by planned, third-generation GW detectors, which will be able to observe black hole mergers
up to z ~ 10.

References:

Dorozsmai et al 2025 (in prep)

Rodriguez C. L., Antonini F., 2018, ApJ, 863, 7

Biscoveanu S., Callister T. A., Haster C.-J., Ng K. K. Y., Vitale S., Farr W. M., 2022, ApJ, 932,19

Notes
The student will have computational resources to perform calculations. The student will mainly be
supervised by Andris Dorozsmai. Discussions will be in English.

Prerequisites (e.g., basic physics, computer language)
The student preferably should have basic Python skills. Interest in gravitational wave astronomy and
stellar dynamics is advantageous.
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Development of a Radio Telescope for 21 cm Hydrogen Line Detection
BERSL (UN—TOHRAEEEDRAS) RGN v /R A
SHAN Wenlei Mitaka
REEOTO Y27 NEOFTRE Y NI R) [ Z 2
Advanced Technology Center Associate Prof.

FiR 1] 3R < BWTIE
2025-08-4 ~ 2025-08-29

e (AN Rfi A 2 F Wik, FEoE 2 BEFE X JZEW)

Astronomy and astrophysics are essentially experimental sciences. Their progress relies on
advanced instruments, many of which are developed by astronomers themselves. It must be

an exciting moment when you make scientific discoveries with the equipment that you
build.

During the summer school, the student will
develop a 1.4 GHz radio telescope for atomic
hydrogen 21-centimere line observations. The
telescope was built by a Summer School 2024
student using inexpensive components obtained
from the nearby home center and Amazon. Using

this telescope and self-programmed observing

software (which enables spectral domain
‘ . switching calibration), the hydrogen line was
successfully detected last year. The new student will use this as the basis for a
PC-controlled steerable antenna platform. By using this a survey of the entire sky will be

carried out.

ST

The instruction will be given in English mixed with Japanese.

T &9 2 BhE 90

No special requirement.
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