New Physics: Sae Mulli, @ CrossMark
Vol. 66, No. 3, March 2016, pp. 293~303 o

http://dx.doi.org/10.3938/NPSM.66.293

Gravitational-wave Astronomy and Astrophysics

Chunglee Kim*

Department of Physics and Astronomy,
Seoul National University, Seoul 08826, Korea
The Korean Gravitational Wave Group

Hee Suk CHo! - Gungwon KANG

Korea Institute of Science and Technology Information,
Daejeon 34141, Korea
The Korean Gravitational Wave Group

Hyung Won LEE

Department of Computer Simulation,
Inje University, Gimhae 50834, Korea
The Korean Gravitational Wave Group

Chang-Hwan LEE

Department of Physics,
Pusan National University, Busan 46241, Korea
The Korean Gravitational Wave Group

Hyun Kyu LEE

Department of Physics, Hanyang University, Seoul 04763, Korea
The Korean Gravitational Wave Group

(Received 11 March 2016 : revised 14 March 2016 : accepted 14 March 2016)

On September 14, 2015, gravitational waves (GWs) were detected by the LIGO (Laser Inter-
ferometer gravitational-wave observatory) detectors in USA. The event (GW150914) is originated
from a coalescence of two black holes (BHs) located at 13 billion light years away from the Earth.
This is the first direct detection of GWs and the first observation of a BH-BH binary. We overview
astrophysical sources that can be detected by km-scale laser interferometers on Earth, summarize

astrophysical implications of GW150914, and discuss how to explore a Universe with GWs.
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2015 99 149, AF2HE 139 Fd GojA
go|al #lo|H FHIA FEut A&7 23
W0t o] =RAAE et HES A

=
A 2ol THA Y s AVt S-S Foti Y, FEuty Ry FEu ol
AR E2s B {83 o]foll tioff TteFs] 7|&stth. B ERE-EHE Y © SAE-FE4AE
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years
ofelsretel o] Aol 2ol e, Balgi 2o 15 _
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Fig. 1. (Color online) Four types of gravitational-wave sources. Image credit: A. Stuver /LIGO

(http://www.ligo.org/science).
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Fig. 2. (Color online) An artist’s impression of a compact binary coalescence (CBC). From left to right, the three
phases of coalescence (Inspiral-Merge-Ringdown) are depicted. CBCs consisting of black holes and neutron stars are
prime targets for gravitational-wave detectors on Earth. Image credit: NASA /Tod Strohmayer (GSFC)/Dana Berry

(Chandra).
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Tt FEEE WESHL Gl A4 o] Tkl 7 sEAL
B0 A Al 5 o2RE UEHE S0 A7
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AR o7 AASA fAA 4 JHE BASE TAE
T8 34 (post-Newtonian formalism), /3 A2t Zo] &
242 o]7olq AS shte] BAAY daHoz /%
St Effective-One-Body H, 2131 HFEHE o849
ofol<rEfol HF A AL o] = :Lcﬂg T2 A o7 AAsH=
T2 HE (Numerical Relativity, NR)-5©] Sith.
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]ﬁ- A|7ro] ZQ3F A& mlo| T
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Fenkgo] Folo] MaS A gl T Gl oz
E@T FUANY B9 F2 A§AT B 259 4
Sol 9ol A 74T WF FERPT 1A A= DA
EPE EAE H S0ty RASS w1 48] et
H4%] 2gqt. St dole] B4 o3t et 447
gee Fued 1 Fa%

A/ O] & (coalescence rate)!-& ©]-8-3F -2 ut
AE Nk A S52 45719 450 S0 dE 7
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At 4= ot 2P IEAES A S B
1 ygho] ojm T of iﬁg Lupo] w2t Ur“?ll WAYE (inspiral
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Hroltt, o7]o] &7 A=t ¢-Ful 235t X (F 9
=X 7HA A H A STt HE Y1 (detection rate) S
A& 4 ek gholare} Z-2 ol A A 71ut T ut
AE7le2 BT dw 5o s sQld S42E A0
olgHo® ASH= 2HE B EAFS Lsto 14
7HEA Aol 18] o4 ol AR AN FEH
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Hlde gA) 2 A7HA] a4 A Aopgdg o B
=3 Qlct. o] A B AEE SYut BAtof o5 Zh-e
G AR sl mAEHA HAastal /e A5 oz R
°f 39| Fol= FHd stte] EdES YL Aer
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21 (strange quark) 7 EFE YA 5 FH2PE v
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IV. S80I 24 =4 (Bt E, parameter
estimation)

A% solaelale] 4 Felnt 159 Ago] s
4 FEneRe By A6 g o 2
7] g18A el A 9
27 24 B4 489 ns 240 AT
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& (Bayesian inference) Oﬂ
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Sl
(strain amplitude) @} Y14 (phase) #olty. 18 d 5
ko] 719t QS AR A= 2o oErH = oy
ZHolet. WG o] B-e=td = Ee] dw, A, A=
A2} (inclination angle), %32 914 (A7 (##%), A<
(#1&)), T 2O A 14 (orbital phase), 521t HFz}
(polarization), &8I A& AlZH (GPS AlZH) o] 971 =hat
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HE| A B 22 TA| o A= oh o] Hof A3kt Fe
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Hho] A &HA (FA A E-H-AsH 7F B HEE T
A2 2,619 Fig. 1 &%), w2k GW150914 E3Z
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—~

WA B4 Fes WE Y AvAE 74T 4
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Fig. 3. (Color online) Localizing a gravitational-wave
signal GW150914: The signal is originated from some-
where in the Southern hemisphere. The purple (yellow)
line represents a region containing the true location of
GW150914 at a 90% (10%) probability. Source localiza-
tion is one of the most important goals of CBC parameter
estimation. Image credit: LIGO/Axel Mellinger
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Orbits in X-Y plane for BH, Real part of y, I=2,m=2 mode
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Fig. 4. (Color online) Features of orbits and waveforms for equal masses without spins. Image credit: Jakob Hansen.
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