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ML (dynamical channel); (3) ¥&20 &2 R % /K0 & 2R P BhE LS (AGN/MBH-assisted
channel); (4) JZ¥]2 (primary black hole channel, B PBH channel). AN f7#ALHLH]=
PR BRI B P9 BB SRR A — A S R AR

T IRy FA 152 7 — AW FERK LA SRS T 5. ORI & 1 51 D33
55 LA XSURIA I 2 B S (B E. Bie. JCEIRESE). BEE 5| JJBARI
BE, BRI IEGFEARSBRBR,  H ] DLARAS ORI Y B 2 o — S AN S 3N S it o
A LA AN R Z 50 08] B R BRE 5t 3K 6 58 118 o K 2 A R b 35 B 8 AT T 2 e R T X b 5 i v e
A S PR B R A (R BRSSO R T s A I8 2 A e 1K) O3 51 e 8di, vy LA
A B 0L SR B0 5 R [ R 20 AR LA - R e R ORI LA A X
T T A0 e A ie- B o8 REAF A REAFAEAR KR 2 . HAT, X T XURIR A H
Ji@ 53 A BRI 58 R 43 B AT DA G AR JE AL 2k AT A R PR, AT DX 23 AT ] 9 BR s A 7] 2 R
Xof LI B X TS S R TRk Herb, AT SCRRIR B @ 20 A1i FR 1 008 T S s R Ay 4k
A, O S TAERLRIT TIRNMIBFE " — 5T, ASEHUHI 5 0 B 4y
AT 39 & S5 350 e 73 AT AT LA 51 0 R IR A SO HER MR 2 53— T 1, ASEIHLI A2 )
WU 2 73 2 18] [ IR 7 o) AT 72 e W2, U 7 B B0

AR SO B O E R ORI ) B eIt FU R | FRIENL A AT 2808, IR BRI, A
AR AR 2 BRI EN A RN EAGE R, R R Bt 2 LR H
FERIRIESE; 5 3 5, AT 818 BGOSR TR B AS R B L) DA 0T B8 7 5 1S5
HBAHRHIME B 28 4 B anfridsd B e 7 5 75 12 BR 1 00 B e L], 604 DL
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SR E e YA, 58 5 B g B Gs, IF R BEARSRBURE H Ieht 7t
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JR-HETLPE (Karl Schwazschild) 5 T %2 K Wi 3037 7 #2100 56 — AN 7k 25 A, R sk FL 7 B
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Horb M ORRBIAF R (G/c? = 1). LIWHEMRE r = 2M AT RIE, B LB
MIAATE, I KOz e i U B X — O B OB IR AT R IO . 1958 45, K-35 5 /R A0
(David Finkelstein) ¥ r < 2M B XSRS EUN 2 5, LA TAEFTAR VG #RTC ik 25 1
Xk, 1967 4F, Z)ig-A-H¥#) (John A- Wheeler) iy %1% X 8O 2. £ Lar DGOER, 5
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IR-A2 (Kerr-Newman) S8l & il - B RS FlOCHFR 8 IR BRI — fide «

sin? 6

2 _
ds® = =

2
A (dt — asin® 9d¢)2 + %dﬁ + p2dh* + [(r* + a*)do — a,dt]2 . (3)

Nz

H, p2=r?+a%cos?0, A=r?—2Mr+a®+Q?* a NBIFEMLLMANIE. BHEhENHl—
BB T AL, — AN T E RS B d I R M. A Q. B M
J = (aM) 3 NBRME. FE RIS, dr TR, FATE R e R
BT, R A SO, AR S A R R N B B S TR [ e AR SR R LR
B, IRATAT LK IS A R o R R SRR AN . AR ST 3 R
FOF 5 R 25 B S, 3 S e AR R R AR R 1 B R TR, R AT e
R R AR R /SN D R 5.

2.1 BEEMFRK

R R L R AR RO TE A R AL BB 2 SRS R R . ZEAER AL, T
O IR ST R M REFA R, T 77 2 R S S S 2 DA 47 S8 4 1 31 07 2 K el A B U
i, fHEGS PR REE RS TR ERBNER (M < 9M), BaWRE R
T B A R S (IR (OMe < M < 25M) 8 Fis Ak I 55 J5 B B el - 80 4 1 B R L 3
BRI E 5 L TR RIIEE S, A S T TR i i O3 . TR I 51
SIS A L, T S BN B e AL I A KB i T G SRR T R AR
RARBRKIFRIG, TR A o R R b R 6 RS R . FE XA I
T, TGS T RR, TERRE, B T RSN, BRRA
Bei e TR MRLAE —ERABAEE, WSROk E R 5.

T 5 B S R, B i e TR IR AR R LS R E B T e, AR A
Wek—b “TTIRE” B4R, BT RS W AR, 2% S o — ok T
TRERAFE, WA SR B IANR 24M, {HSZBR - Bm s A
AL, ALREZEH (2 ~ 3) Mo HITEI).  E TR 5K R B (AT £ 2 1 5 3k i 2 A5 5k LR i
Ak MR STTT B A6 1 TE 47 B 7 A RASE VE (pair instability) 5B H, A 2 2% SR 4 5% 53 3 4
BRI TE 50/60M VAR, AFEEMRE, WIEEES RIS R ER, 1HE R e
(50 ~ 120) My, BT A77E 5T & 2 s (0L B m). S8 A W, AATTR I IE25 th 7 H i &
- EHEFN R R, KEBAMGTE (5~ 30) M, EHEIN"". R, @ik 3 0 m
A RN R BT — e X A f) 2 SR BT LUK T 50/60 Mo, STHLA 9 SR T B R AR T
ek
2.2 BERMNBE

SR f) R S ok B T AT SR R A Bl . IR R R R R A s BRI, A
e AR TE e B SRR, — T B RE O ) 3 0 2 T F A S U B DA B S R L
1 SRR B 3 1 A B . IR %S, B4 Tayler-Spruit B4R HLHL
(magnetic dynamo) HLH, 152 5 RO 228 15 5 A 2.
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B2 BOBREMERE Risco MLREEE R SERERSY 0. HXF
3 EEZUSUETR I AL

W SR PR ANE R g R AR YT BB A SR A, K TR RS 1 B R A E R R
ARG (et ie, f T AWERS 51 3, EATRIER B 2B W A%, R m
AR T, AL TG UREENR G B, RIS 5 0B, ) A2
BRI —A 5] J1FAF GW150914, A& &5 3N 35.6 M, 5 30.6 M, [1E 2 ¢ 2R
o 1 — AR 5] P GW190521 7 99.68% MBS T, PRI K &
KT 65Mo™" ) b TR AEE R TS R B AR e X TTRE IR : XL R TE
(50 ~ 120) M, &I T2 g AR &4, AN & Bt Kot B 1E B2 i A T R Y.

Pt b, HATE A LR P AL AT BL AR R GO R (1) KR ISR T
P AL (2) BhJ1% A HAE FHHLH| (dynamical interactions in dense stellar clusters,
Dynamical channel)™ ™. ARFEHLH]Z A 0BT, AlE, LR SUERE SR St
B A HRE S ARENG A T I P R 3 S BT L 0 gk T 1 e, 1
Xof oAt AT fi 7 AR R PRI AL, 9 i B0 2 F A DA SR 5 & R IR L] (AGN/MBH assisted
channel) ™ F1JEHT IR {2940
3.1 KREIMILMESHELHH

K AL UE I AL I8 5 18 1R AL (A S MR R A EAER) WEL S ALA
JEBY B AT OSBRI R BRI, U EE RS R H F OB HRE, ©
) He #f o R A4, TAMNE R H WENITE K. sl 4 b wint, kB T
EHNEW B I e R E S 1, WA R REE B, Rk, 1A
KT — R EE 1) He 22, JFEEERAWHURYII, B3 a5, TR
SEEYIA BR. G0SR R BH (natal kick)™™ sk T 15 A RERE SRR RE 1Y SRR R
gt, WA — 2, EREREITIBIZIK T B AR 2 8T b T st aatE
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(20 ~ 80) M.

TE IR BE AN [F] 1) K0T B RS, X R AR 2 2, — Ml 182 U 2R G 1 T i
) e 5 VR I BUE A SR AT. W BN Ji BB Y, A4 Bl (4 SR A e AN M
AR A S B B R AT B T e IX AR E 3 S BT TR ORI R G I
H e FFAT. B 71, R B AFRE LEDN (20T 10Me) BAATEEH REE M
HAEB W, BT RSB EA AT,
3.2 sHEHEAERNS

B 1% M EAE AR — X G R, R BRI OO A 3 2 o A At 2
2 55| J3{F AR AT LA T 45 B Fp = A Ll . — R, FRATTAT LU 3 77 20 R R A 3R
BEeATan 5y, WIanERR R B B A A, SR AR R g A

TEBROIRE B, 046 5 2R B S S AR, W T &40 2R R [ G X
e — B3 T kSR X, IR AT REST B A E R U R G, e S =4k
HEZE 2P B E RS, AR EARE H, TR RN R 5. MfE
BEMBH, —BNRFE—NERRENRF (WE B). el EE XN 18y, #1453
543 SO SN B R, A S A R T SR A e B

BN AN W T U 0 b ISR =k R ™. R R G,
PSR AL A1 1 38 =T SRR R 22 i AR B ok Bl 5 7%, N4 9 XUR IR 2 AT 4. 24
2R B R B AR = AR, P OUR R0 R ks T DUIE I 51 i s v ke, A
TRHHAT R 2 & Kozai-Lidov R0, 1R LR B =k KRG il it 3l ) A0 BAE =4
(1) X S [ T A R T TR AL IR 3K DRI R T Qe 2 2 R AL IR 300 0 2 AH B A F ik
Frh, FRAVRMECED R 2 S EIR B — ARl 177 WA D BT B e #4677 1), BT PA— A
R R AL T B 1 5 0BT R W1 e e 2 56 A BE ALK 1 AR 9% S 25 WU 0 2008 v 5
TR, IXFER BN 2 R R BRI RS A I AT Bk, 5XREIZAUREL
HUANE, B0 7 2L P AR 0 I 1 e 7 1a) 38 AR 52 A Bl L
3.3  EAbATEERIHLEFI

A 5 5 L aFAR Y IR PR EREE 35 s ST R ET: 3 B RR I =¥ N YNl
T B SR AR LR A FEE R A 0 S R AR AE A BRI R AL
AR RS BEAER m, AAFEE, UETERASMK—ERE, Meidmid i it
EMEEEANEE, Hld R AN E KRR ER, X E R 5 B S AR E R
(O ELAE TR R B U RO 2R 46 . SR S o F T R g e Rk
B 2EF N AE 2 — 50 2 W ) T 2 P R 4T B ) R ) SRR R G, e AT R R AR A T
DL A R OUEIR & 5 s 5™
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4 T B X IR R Y R A

e R AH OG5 B 2 R AL 5¢ T8 BGOSR TRTE Lk () B 2245 B 10 51 J1U 3% T X AL
SR R xorr T BUR, xenr EXIIF
Xeff = % <:;11 + :Z) . |§| = ﬁ (mys1c0861 + masscosts) (4)
/ﬂ\:‘:'j’ mi~ Mo ﬁj\%UjﬂXX/]ﬂngﬁ%’ M =mq +mas jﬂfﬁ%ﬂl, Si~ S, jﬂ/lﬂﬁ‘] Qﬁﬁﬁiﬂ
29, L AXURFEMPEMASE (RN 2 TTH), siv so NBCRIRAH R IG &0 B 3 e
cosby. cos by & HRMAMNESPE M E LRI M. ERRIEN B, ARARILT2EFER.
N T BRI S RS, SIN—ANE S, BROEE E e, s L WTF

Xp

= Blm2 max (BlSlL,BQSQL) >0 s (5)
1

HA, By =2+43q/2. By =2+3/2q, q AR EG. AT AR 51 779 80
o U5 RPN ARG S BOEAT I, T 25T e 2 A 0t 18 B2 % X2 F) A
TR R S AR SR AL ATL I AN Bl ) AL AT — 8 BRIl A3 32 B/ 4R
G AbFE GWTC 51 7 AR 1 —87ik,  DUROM B SR 2 250R1 22 2 0 1 PR o i
B 20 KU TR AL 1 P T30 o
4.1 GWTC #ERN

GWTC (Gravitational Wave Transient Catalog) & LIGO/Virgo/KAGRA i H &1E4
ARG TR EAE . BATEAT T =00k, W RARIIERIZ 4T O1 A1 02. 03a. O3b
BB, I 93 MIERI G B, KRR T RS, —HRE-RTEHE, BT
AW BRI S

(1) GWTC-1 ¥4 7 LIGO Ml Virgo H 2015 49 H 12 H% 2016 £ 1 H 19 H
(01", 2016 4 11 H 30 H % 2017 48 H (02) IMLINZE F. F ZHIF) 64 GW170817 —
AR REIFEEL. GW150914 LU GW151012 25 10 MRURIFIF 0. bR 2 1)
U S VG A 18.6 75 2 M, ~ 84.47 158 My, FEESVEREIA 3207130 ~ 28401135 Mpc.

KB s 1 HEWT B 5] BRI BE BE Xers LALCA RGN E B xp KIEI AT, 7T
LLE LT HTA SRR K xor FIBAEHTE 0 2247, A GW170729 F1 GW 151226 #/M52
FZME 0, HIN: 0.11 ~ 0.58 F10.06 ~ 0.38 (90% BAFXIA]). WHESNEBE x, 56 %E e
Nesr [HIELAT TR B DRI

(2) GWTC-2 (‘B4 2.1) B HEEFE Advanced LIGO LA A Advanced Virgo 7E O3a iz
FTHAE (2019 4FE 4 H 1 H—2019 £ 10 A 1 H) HOWMEE, #R0E] 44 A8 5] J738 FA%
R, AHEE GWTC-1 FI%dE, XCRTF RS S EY KON (14 ~ 182) M.

Blm /R T GWTC-2 R B 151 i IR B S5l A B, Hdh 13 MRS
HANEZER xewr» HAE 90% WBEEBLT, xew BT 0o Horb BA HA RE R XUER

CX BRSSO B B AR, S HRTCR R J RE B e A .
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GGG EOEOEOCEBOROEORORG, GOGGEOIGOEOCIGORG)
Elbap 3/ Elbap 3/
a) b)

7 a) GWTC-1 4R A MBERZHE RS b) AGEMSEK GWTC-1 P RS B ES B %5
i, RO ERR GWTC-1 1 B3 A iS4 G R .

B 6 GWTC-1 WABIMEESHBENT
T8 GW190517-055101, e = 0.5210:15. #E3h HEFRIFE BoR 56 8 H I xep F AR5
(R

(3) GWTC-3 [ 45 Advanced LIGO LL K Advanced Virgo 7£ O3b iz17 #H (2019
10 H 1 H—2020 43 H 27 H) KESE, 307 O3b HAMREIRN 2 38 ASHH 51 /)
BIREUEE A (& — GBI h T EHFEHEMN), SHEEE GWTC-2 4R K0, I
KB, KEZHE| iR mA AL T 0, 4 MKT 0 (BEEKRT 89%). EHEE
MEAE, GW191109-010717 Al GW200225-060421 £ 90%- 85% BEAs X [AJ B, A% H g/
T 0. HBARSHEMEANE xen REPNERIF TR,
4.2 ETIMEBERHNS AR N

e IR EIE A, BTSN EEE h(f) ASIEEAL, MMAE RS, R(f) 1
I 10720 ~ 10722, FRATHE 6 1) FEASAR DT TRC 0 5 V00 51 05 5 J e e gk AT 4007 HA
M LG AT DL R i R Rk

fmax 2
p:4/ Wﬁﬂdf7 (6)

i Sn(f)

Horr, S, (f) AT TR T2, fom T frax AT DB  ERR. @
WHRATE p = 8 A5 PR RE (M T 10% FRIR), WD EFZAE R E SO
)= D3 At

— B3 1R SRR, B2 AT DURI A DU B Gk B It 51 1R B S 4 o
MG %53 A P(O|M) BEAT Akt

P(M|O)P(0)

POIM) = =P (7)
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Progress in Constraining the Origin of Stellar Binary Black
Holes via Their Spin Distribution

LU Di%?, CHEN Zhi-wei''?, YAN Chang-shuo?, LU You-jun'2

(1. National Astronomical Observatory, Chinese Academy of Sciences, Beijing 100101, China; 2. School
of Astronomy and Space Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Since the first detection of GW150914, a larger amount of stellar binary black
hole (sBBH) mergers have been detected by LIGO/Virgo collaboration with high confidence.
By analyzing the gravitational wave (GW) signals, one can obtain crucial physical properties
of these SBBH mergers, including their chirp mass, spin, and luminosity distance, etc. The
origin of sSBBHs may encode in the distribution of these physical properties. Here, the
curent status of the study on sBBHs spins is reviewed. First, various formation mechanisms
of sBBHs are briefly introduced, and these mechanisms include: 1) sSBBHs are formed via the
evolution of massive binary stars (EMBS channel); 2) sBBHs are formed via the dynamical
interactions with surrounding (compact) stars in dense stellar clusters (dynamical channel);
etc. The origin of spins for sBBHs originated from the black hole formation processes is
also introduced. One may expect that the spin distributions resulting from different sBBH
formation channels are different. For example, the two components of each sBBH resulting
from the EMBS channel have spins more or less aligned with each other, while they may
be randomly distributed if the sBBH is resulting from the dynamical channel. Therefore,
the spin distribution obtained from GW observations may be used to distinguish the EMBS
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channel from the dynamical channel and further reveal the origin of sSBBHs. The general
methods for constraining the origin of sSBBHs via their spin distribution are then introduced.
The results obtained by recent works using the GW observations of sSBBHs (GWTC) are
summarized. Finally, a summary and a short prospect are given for the future demography

study of the sBBH spins measured by next generation ground-based GW detectors.

Key words: gravitational wave astronomy; gravitational wave Sources; black holes
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