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I. Introduction to Astrophysics Lab.
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Rm. 203 in Bld. 209
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• Topics: 

– Numerical relativity

– Gravitational wave physics

– Quantum gravity

– Etc.

• Grant: 

– 보호연구(PI, ~1.3억/년)

– 중견연구(공동연구원, ~1.x억/년)

• Group leader: 

– Gungwon Kang

• Members:

– Yeong-Bok Bae (Dr. to be 
joined)

– Jiyoon Sun (Ms, 2nd)

– YeongIl Kim (Ms, 1st)

– Dongchan Kim (Ms, 0th)

– Hyungwook Son (Ms, 0th )

– Yejun Han (U, 3rd)



• Jiyoon Sun

• GW data analysis: cWB+GMM

• Dongchan Kim

• Numerical relativity: BH simulation

• Kim Hyungwook Son

• General relativity: Light bending

II. Research works in 2023
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• YeongIl Kim: Numerical studies on geodesic 

motions
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Precession
[“/century]

Observed
[“/century]

Analytic Sol
[“/century]

RK4 Sol
[“/century]

Error
[Analytic & 

RK4]

Mercury 42.9799 42.9900 43.0025 0.0291 %

Venus 8.6247 8.6265 8.6983 0.8323 %

Earth 3.8387 3.8395 3.8222 0.4506 %

Mars 1.3624 1.3512 1.3549 0.2738 %

Effective Apsidal Precession in Oblate Coordinates 2018 Abraao J. S. Capistrano



2-Body Simulation
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ℎ ∶ 𝑡𝑖𝑚𝑒 𝑠𝑡𝑒𝑝 = 0.001
𝑓 ′: 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛, 𝑥 ∶ 𝑥, 𝑦

• Yejoon Han: Numerical construction for orbital 

motions in the solar system



N-Body Simulation in 3-Dimensional Space

(𝑥, 𝑦) (𝑥, 𝑦, 𝑧)→

𝑎𝑖 =
1

𝑚𝑖


𝑘≠𝑖

𝐹𝑘

Github link : https://github.com/Cat-yejun/numerical_simulation_on_Solar_System.git



N-Body Simulation in 3-Dimensional Space

Sun, Earth, Moon Simulation



N-Body Simulation in 3-Dimensional Space

Apparent Retrograde Motion(겉보기 역행 운동) Simulation



N-Body Simulation in 3-Dimensional Space

Geocentric Motion (Red : Earth, Blue : Sun)



• Main works

 Waveform modeling:

- Arbitrary eccentricity

- 3PM EOB Hamiltonian

 Black hole encounters:

- BH captures: Formation of BBHs

- Hyperbolic encounters: Scattering angles

- Close encounters

 SOGRO

 Others
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 Ringdown radiation has been known well in 
binary black hole mergers:



v=0.7c, b=8
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 Tidal-driven ringdown GWs and Quasi-normal modes: 

Ψ4
𝑁𝑃 = Ψ4(𝑡, 𝑟𝑒𝑥𝑡, 𝜃 = 0)

“Ringdown wave” without merger!!



arXiv: 2310.18686 In review at PRL





 SOGRO:

• SOGRO: Superconducting Omni-directional 

Gravitational Radiation Observatory

• 초전도 상태에 있는 테스트 질량의 미세한

움직임을 스퀴드 양자센서를 이용해 측정

하여 중력파를 검출

• 0.1~10 𝐻𝑧 사이의 주파수를 갖는 중력파

관측

• 중력파의 모든 성분을 측정할 수 있는 텐

서 검출기

소그로 디자인 파라미터

소그로 감도 및 중력
파 파원 강도

프로토타입
소그로: 2 
m

Advanced SOGRO: 50 
m
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arXiv: 5263785 In review at PTEP
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 Outreach:

- Lecture series on Gener

al Relativity at the KAOS 

Foundation

- https://www.youtube.co

m/watch?v=mtHOUsdyx

SY&t=5s

https://www.youtube.com/watch?v=mtHOUsdyxSY&t=5s


III. Outlook in 2024

• Many interesting topics associated with 

the tidal-driven ringdown radiation.

• Develop further the collaboration with 

Glasgow group on S231123.

• Educate and train the students

• Work hard……(?)
22
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https://indico.kgwg.org/event/58/

https://indico.kgwg.org/event/58/
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THANKS!


