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Mgy < 102Mg, Mg AXKFAFE) PLAGE R & EIF (SMBH, Mgy > 10° M, JlEGH) 1
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BRSO BRI B G e R T s, /UL B RLE T, IMBH B 5
AEI A" s R, S5 R HAl — He S FIEE G T ARt B, TERCRE BN A W R AR
IMBH"®

TEMRZ TR IMBH 776 (3R 2 B v, sEART 2R T =, 2RI TAE U5 5 2 1124
HEEOR BB M15 (NGC7078)" "™, BB AT ™", DUEEH NGC6093™
NGC6266™" . NGC6388™ . NGC6752"" . 47Tuc(kLhY 47)"" 2. 2 FTW4ME &, AHFHF I
BHEZ LT M31 FHERRER G177, WANE A BT R R 2 s A .
TEARMPE B b, Bl OCRIIAh, SEF B T X S 2RO A G s g ="

FTERORE F IMBH G A£ s i f, AATTESR M T 2R el e saLs], . KR
1ER (kiR JE & (runaway merger)"”, 1R R B EIAR IS, R R B R0 s
g ORI TN R s, AR AR R AR AR

e T SR AR T AP, AT B B 1 B ) U 9ok S HAEAE . o T R R
B A SMBH, T B A DU AR IR . ARTH, R R R F] IMBH (9521 1
BE TAE (R 2 21 ORI LR) HUFA4 2, (HERE IMBH X — MLk, HERIE,
ARV A5 K A NV ERR R G — S LA E G138 17 T AR ) X S 20 5
R B /RS, ToRE SN IMBH 7R ] I BAUE R, 1 Tligworth Al King” FL7E 1977 4F
BN M15 0328 BEEAE AR R T 2 o TR B 51 J0208E, T2 BT R A A SR i e o
IMBH" ™™, filJ5, 520, BB P IMBH 9 TAESH kFE"""" den
Brok 26 A i ib 4G, SR ML5 [ b e m o AT DL ] ool 8 5 A (1 R s, TR
7 LA o o IMBH SRR . 53— 5T, ARZ BIBAG T 7075 R B 43 o SR 26 B IMBH. f) ik
— g™ AT, BORE s e IMBH & S HSAEAE, 14 MAE ISR

WS IMBH, %t 2 Bi3h 7128554k SMBH B4 ik 4K, B RIIBK, UKL
Wb A R 25 25 I R AR 2 L, WA o ASCAUBR T B 3ok
Rk IMBH SR 5 IR, 26T IMBH & B AE7EI 4 2%, LRI LR N4,

]

2 MK Mpg — o KRR

FiiE Mgy — o RFR, £IBRFRE My 5HEERAA O X EEH R o Z A1)
Fo X—EBERAEHRITEZZX P SMBH, 2 )5 Xt A+ IMBH HIF 7.
2.1 2% SMBH B Mgy — 0 *&

1995 4F Kormendy 1 Richstone”” {17 #, SMBH )5 & 5 1 [ 2 R 50 RHE R ER K
5 6 B IR 2 M e s B S, Magorrian 25 N7 R F B CREA R R B TAE
TFESZiZ M5 . 2000 4F, Ferrarese Ml Merritt' 3 st b Sz BHG 4047, 1 %k % Bl SMBH
AT 5 H R A% X1E B B R EORE s AR OC, T HL L My 5ERICEE (Mg — L) [H
(AR e E 3R/ 2 (B IE 1), [A4E, Gebhardt 2 A" (B I TAESETIESE T Ferrarese A1
Merritt[al] HIIX— A FW
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: WA .
108 10° 101 10 50 100 200
L. /Lg o /km-s?

E1 2 MERPREARESLEREEREENLR

SMBH K Mgy — o KR AL PR
Mgy < o” . (1)
B FH U2 263 9 T B0 Bk v o 277
lg M = a + Blg(a/o0) (2)

2 b A R B My DUKPHJR & My RSN, oo 38 BEUREORE 54 2 %1, 8% H
o9 =200 km -s7'; o KRR (2) MEL, 8 FAXERER, J5#H I EEPELE T LU
Mgy — o 5% Z [ FE BT SR 2 5

SR, 5 L B g R B, AR AR TS 8 A A G K AR B . )
4, Ferrarese A1 Merritt S #7332 B = 5.27 + 0.40°", 5 [F4E Gebhardt 2% N4
] 8 = 3.75+ 0.3 Z5HEK; 2 4FJ5, Ferrarese [11)5 4 TAEH 8 /A B = 4.58 +0.52°7,
5 Gebhardt 2 NIZE " G 2 1.4 5 HMRH R 2 . F—B 8, Tremaine 28 A" %1 plix
i L 6 SR R T A PR I

W—HTH, Mpy — o = RFR NGB HLLME LR, B AS A HIRH TR
5E. 2006 4, Wyithe "' 7E3 (2) HOZERE L3I NXHCE A, B

lg Mgy = o+ Blg(o/o0) + B21g(0/00)? (3)

WA Mpy — o F2RMIASHOEME 3 A, WA ZHANERSER, WX (1), 247490
WG, Wyithe' ™ WA (3) ik Mpy — o KRR (2) TR, ST, AEIIO AR
BRI . 2009 4F, Giiltekin 28 N FIRES I NKTECF 7 T, 177 45 10 048 15 FE S — % 0T Iy
T S AR R MRS (TR E] 2 LR 2). E4E, Safonova I Shastri” HLZ8 5] N T X7 7y
R, S3H7 4 S TRTRE R ] LU B M T b5 S 040 2 45 SR AT

BT B IS AR My — o 2 RINABERAL, H— AN EE SR My — 0 X7
P BLTRECEE . Xt it, Giiltekin 25N 45 H T BRGNS, 8 Py BTORERE X AH 5 3R
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1010
10°
10°F

107

M,/ M,

105E

lg 0 /km-s?

E: AE M15. ALY w B GL % 7 MERRERY Men — o K& (HZ) 549 A SMBH ) Mgy — o X
F(RLR) mEE A, BEN 2 RFREZEITEE . Ao FRR sl 26 = HCT TR (R (3)] g™

B2 Mpu—0X&H

WHFARZECEZ, BAR, WA (2) kb H R E AR T SMBH )i &, X L2 400
IR E.

1E Mgy — o RAMMM KM Z Y], BRFANFEE ] 11X — K RIHR IR R R
VAL E T, JRR B R LU R T, X BRI
2.2 BIREH IMBH B Mgy — 0 %%

KT SMBH () Mpy — 0 KFR, wYZHFEE My ~ (10° ~ 10°) M, 1) RiFE T
R, EARPMESRRER] My ~ 105 My (I, 53200 i BER A AT DL EAR O R 1
AGN, tHA] DU AR 2 R B R e i 2 R 538 My — o 9% ik — 4% ST o & 5 i o 4
He, BT RPUEETREUE 0 < 30 km - s~! [ IMBH, Fixd e 2 RS IE R ER 2R .

21 LRIk, —LeSCTFERIRE F IMBH M T/EM 4k R %R, HolEBLRMER,
AT FRAE 45 T BROPR SR D 9 10 ) 7 e s SR 0502520 B e 1 S 4F SMBH
() Mgy — o 2 &7 — BB B ) IMBH 76 (Mpy, o) #8758t (¥ & 6048 47 42 T SMBH
] Mgy — 0 FRIEKL F (ZWE 2). FH—KHRETEEHREY, £ SELRS
[ A7 IMBH /&5 il G, Ho— 2 NYCNTE R & KT 100M, (1 2RSS A 5,
1M B B A A il I oK i = 1E 2 Bk IR Al (runaway collision), BRIR A ] P9 A HETE B
MBH“

VT A Safonova 1 Shastri” #8 H, S F—A HLES B0 B, W ECFE Hh ok s B R U 4



14 BB TE: BORE 1Y 45 B BRI R 41

N 10 km - s, IEANERN—FHIEfE T, B SMBH ) Mpy — o KR ATHER Mpy ~ 103M,,
X SRR Magorrian 45 \*71998 45 H T L% & Mpy ~ 10735 Mo (X B Mo JyEk
R SR BT My AHAF, 15 2002 4 Miller 1 Hamilton' " (9 B4 4 i
ff Mgy = 10°My x 10~ (Mv+10)/25 F0—30 (My /& V BB 2 55). #iEk, Safonova Fll
Shastri” % 38 AT REAZE h o BN (R RR 2 T 1) Moy A0 T ToO P A 5

KAE Mpy — 0 KAMAR (2), SERXTEBNKAM = a+ plgP (M NEEN T
AR, P OOEERM) AERUMGEHWIER. A TEBRMADERR, FEREZA
ARE) M AP (b M AR RS m M E R, DUE R o A G,

Ffeltth, NESLBIAR My — o RFR, FFFEHER (2) FRRE o f1 3, 83 uixt
(2) AT REFR, Horp—> 32 )8R AT BRAL v SRR A B f Mgy . X T SMBH, H i &) LA
I % RN UMEE, WE R J 3T L SakEh T Bkskah fseE T,
DL AL 5 B R GG (reverberation mapping)” " 4. 5 —J71H, 5T IMBH
Jo R, R AR R AT X SR B A T s T B 5N E R B R,
I HSMEE B R A, BGTR I LIS Mpy B "™ . Besh, & A ko
B IFINE (pulsar timing) SRR F bt X IR 5545, 9 Mgy SRR mpR """

3 R RECIRE R IMBH A#ER

T ERIRE [ b g IMBH (ERI, TAEMTS 2 (1) 75 28R RERIRE [ M15, e
NG w. HXTE, HA— 2 H IMBH F#0 T/EMEE G2 .
3.1 fRIARBKRER M15

M15 Al RN AR O R E R ENERE R 2 —, Bl R TRIEER, Hao
BEZ14 10 kpe™ o ST M5 (KBRS AHRGUT , eI 45K (T 22 B S, WOE s & T3
AT e IMBH J2& S AE7E R R . A, REXHZEBN IMBH MR 720 2 F
T 40 SER P S, HE IR AN

FAE 20 g 70 AT, AT RS AN S T B 2 ] P S T B A7 G )
BT BN SEZ B 1976 4, Newell e " 5@t %t M 15 #20 [X 125 B A A ) 45
Mr, HE B ER N ARG R, SRIGEE B M15 BTS2 BE5R R, T DU — AN sk
U 2 (Ja kAR 2N IMBH) SRAM H ffERE, BRI SN My = (8+£3) x 102My . 2R1M, F4E
Hligworth ! King'* K 2 52 H T AR I A, ABATIA M15 fef s B v feis B
A HEYIE R T RIS 80, AR T g IMBH. X0 TAEH Bk T
T SEPE R ERAL, B IR R B T W B RS, RS E b TE AR AW s IR AR g5 1

B ik Nligworth 1 King'” 3 T 520l % I M SF, 1985 4F 19— L BE 6 T4 i fii [ T
I M15 (IRZIX Bedliok E SR R %, A2 ot IMBH™ ™,

Bt S Bk RARARE FE IR R, M5 R B AAAE IMBH [ 1) #UF B2 51 AT &
M. 1989 4, Peterson 25 A" FIF MMT 45 J1 & obr 25 11 4% 058 5 (0 W0 I, B 7526 110
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r=0.1"~ 4.6/ JEHE K 120 PUE AR AR R R, KR ATA 1 kmes™t, FEH R ILAE
ro< 1 AR X P, L T R RO I A B ek TR K SN R E A, A
A, FERER] M15 B RBHZA — AN EZN 1 000M, H) IMBH.

ORI, AR IMBH 778 (005 FEE (B, 1997 4, Dull A" i1 4.2 m FfEURH
B T 131 B B R s EE R, BRI r ~ 1 8] r = 207, BIEEEZIREUEMN
o= (72+1.4) kms~' HKF| o = (13.9+£1.8) km-s~, {HTE r < 20" FIRZLX A, HEIREL
IR ERRE A AN E R o = (10.2+£1.4) km-s~ Lo FEILABATIA N, Joxd Sl % phes DL & F
B, EHESI P9 IMBH—EAATIOR A, BERINES 100 ik 72, X RZ2H 0T
r < 6" (0.2 pe) ML X P, X878 R R B2 AN R & (4.9 x 100M) 19 3%,

BEN 21 L JE, WTERRE B A Ao IMBH OERIUAT 7C Al 8 HE N =iy, b g Rt
&7 M5, HTECIRE BN X EE N EEER S, BEEMES, A SiE g sz 3|
RHIPR A o 9 T TUA v S P O X o P R BBE H0 B86 , 2000 4F, Gebhardt 28 N FIF] CFH
BT SN ARG ATEUE S A R TR (VA 1 773 BUE R AR FEEREA), W T
M15 H R X FIE 3N RAS . AT ZS 842, 78 M15 [ REER T4 2 500M, MIBEYI5, T
XM iZ2&—A IMBH.

2 4EJ5, van der Marel 25 A" Fl Gerssen 2 A" {8 HST BAZIHEACME M15 Hl
JUS RS G YRR AL R B, 45 BEA IS I Bk, RS 1 797 SHE R A )R
FEREAS . G 06) T8 R U 5 R AT A e AT S AT T g, o R 8 MR AIE 2 B & B B R S 7T
MI15 [ AEAE—A IMBH, JiEN Mpy = (3.9 £2.2) x 10°My, (5 FHIEIHN My =
17127 x 108M,"™"). [E4E, Miller 1 Hamilton"” FIBEIE TAER B, ES0BERR R B i oh e e
TE41 103 M, iR IMBH AJ g @808 1), o5 bk AR 2/ E 22 )L+

ZERZ R, RERW A S, e B AR 2 Baumgardt 25 A" 2003
SR TAE: fEF @ M15 At X IE M 45 1, 5 2 [ sh 15w N R4 Rt
AT BRI, WL 3 1) R R T DL B AR I R (k) KRR ABERT
DAARRE, e AT IR &y J2 A R T AR R AE B B R b e, BRI JE 75 51 N R 9 IMBH. A3, {E#
R FTERHFRAE T E N 500 ~ 1000M, B+ 59 IMBH HIR]REfE. 2T EARP AT, van der
Marel ™" 5] N T E TRV R My SRS, DU SE 55 ) S0 R B Moo

I 25 LU BT AR R (63 5 ORI (K A N, DA ST IMBH 5 BRI B i
PRI A, g TR R M5 N AEAE P e IMBH [0 SORT T 48 b RG f8n, 2007 4R
Rasio 2 A" i\, van den Bosch 25 N [ TAEFR B, 7E M15 H14—4 (1000 + 1000) M,
JFR ) IMBH 0 E %55 Y. fE den Brok 6 A" S HIRE H, 2 M15 o Sl Se A7 4
(24 1) x 10> My, WIS, (X A] DA B O s S e R sk (T2 B, 7 AR
FIRE ) T AN LS i e IMBH SR RE -

3.2 RARKKREFAHEAD w

¥ IMBH MM S, IEEEERRE R ANDS w (NGC5139) i — ANy BEAR 1 %

YEHFR, HHOHE 4.8 kpe, Z9R % M15 HOEEZ E"" . 2B AT o R R AR R K B
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WEBZ —, Mg ~ 5.1 x 10° Mg, Frtyil iR ik (22 +4) km s~ HAIAA, FA
T VA BRI F], 100 N Z 2 — AR BRI R IR R R AR 2 ) T 3 B R R R R R
oz

KTEAND 0 WEBAE IMBH Kb ig, %57 WT 2005 4 Maccarone 45 N\ ) T
B, A e R 2R, ARIE LA W5 i gekh, 122 B A anf77E IMBH, H & FIRZN
BB EMT0 22— (41 000Mg), MAMIAFN IMBH /77E, WFHSEMAEAK 1 (km)? 3
FL AR 2 B A O A

2008 4, Noyala 4 N F ] HST MMAERIH¥ A @ TS BT, LL & H Gemini
MU AR X PR AS 57 x 5" 037 706 Bl P9 (0 R0 e B2 Bk, RPN w B R ) T
SR AR B A 0 BE ek /N T L S K, R SR IR ORI . Xk, AEF UK AT LA 3 R g
BE: (1) fAfEF % IMBH; (2) 2RI OXER TS WEEST; (3) XEEPEIIES
) [EE A A, TR AR T 25 . 1R85, Noyala 26 N BBl M 02, 7
PNT w MEZEAFAE— N9 IMBH, HJREN 4.0100° x 100 M, (% R, 52
(3.0 £ 1.0) x 10* My, (IR . AN AR RIS AR, BERR 52 AR 73 AR AR T Be
W T kB AE VRN BUE L. IR TAEE IEUR R Z A0, B — it & 115 3] Rasio
C YN T

5 M15 KB AL, 7E Noyala 2 N I TIERFIGAA, AT w A7
IMBH )55 /R P . 2010 4, Anderson 2 A" BLJ% van der Marel 1 Anderson’ " £E
I 2 2 i — A R e S, WP EGET (1 HST) BUS I NS w RIS 5 5 AN 50 2 kM
TVEANEIEN S 0T . MIEEAR B HE R B A0 107 x 107 F37VEF N 1.2 x 10¢ HE 2 FbHe
vkl LR » < 2 JEFEINZ) 10° PlE 2 EAT (L 2.5 ~ 4 a). T4 REY,
RUEE R BATIREUE o BE RO RERIR/N TR, (BRS04 157 KA, o [HEFFL
BEA, KU AND w B EATIREUE R ERE B O XA R B ARG 4 1, AT
FEIZ BN FERE AR o ]I, 3X— W= SE A SCHF Noyala 258 N ER W A 1EHZ 5
HrJG NN, Noyala 2 N2 FTUAS KILEND w FE7E R b by, FERKN 2 — AR
Bl B O AL B (2 ATE 127). van der Marel 1 Anderson’ i M H, AT
(I 4h B IE AR5 IR P A7 AE IMBH FI AT gtk A, RIEANEAND w H o 2H0%
RN B = 0.05 MIFTEHRARIELE R (shallow cusp), FFHEIHERE IMBH f£4E, FRtL5%
H Mpy < 1.8 x 10* M, HUBATAN Noyala 2 NI Mpy 522 A 520,

SRTTT, 4P BLATFE 4K . 2010 4F Miocchi™” Fil F B R X T 52 BE L4 (K34 4%, 1ESE T Noyala
e N gE S, IR HERIRE FE AN D w g IMBH )R 89 My = (1.8+0.5)x10* M, »
AT X — Ml AR EE L Noyala 25 A3 H K Mpy RSN,

2011 4F, Lu A1 Kong " %12 AT w (K15 HA X G ZRULI BRI T IO A0S 247 . A
IR T Merloni 25 N 7 2 BLACIRS FiE O B — XS4 Y P8 — BRI 5 1 P 6 AR THT 5%

i 1 LX 0.6 MBH 0.78 d —2 (4)
PO T T 3% 1027 J -5 100M, 10 kpc ’
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KA Mpy, A Fy qm, N 5 GHz SRS, Ly A X HZOGREE, d 2 B RAERK
HoGBE. i i g, B NS o f— s IMBH, #8545 b PR 0 el SR 15 b
St 2 X 108 My, B RWMASHIT 5.2 x 103M, HAE] van der Marel fl Anderson”” fir#
FRRAE 1/3. 2012 4F, Jalali 28 N7 () TAEBRE T Noyala 2 N7 4516, 4y ok
IMBH [f)J5 5 3 71 SRR [ B U A0 5 x 104 M, $RT, F—4F Haggard 25 A" 44
Chandra X A5 w B X SR, A F5E 722 BA R IMBH f£7E 4518 .
3.3 HttETFHRKER

B M15 F1 ATy w #b, J6FH R Py HABERIR 2 F IMBH (OH0 ff58 ak th s b, B
FERREIS IS MR AR = . R R283 TR 2B LA Z

(1) NGC6388

NGC6388 fir T KW, HOFE Ry = 11.6 kpe, 4ixt HALAE%E —9.42 mag, 31715
JFEEZIA 1.3 x 100 My, 4 2 &8 F K Bk 2 H 2 —""". 2006 4, Noyola il
Gebhardt"™ " V2 1% 5 B 00 I £ 5 10 %5 B 46 85 5 King BIBUHS 4 2 5. B4E, Lanzoni
s NPV 3 NGC6388 1975 1] (HST) MHL (R & 2.2 m 81) W%k, 25 % i lH
Z i & King BHME, KMERIWNIZE —NREL N 5.7 x 103Mg 14 R 2R, 2011
4, Liitzgendorf 25 N BF 9t BAUGHE 28 52 A 52 19 NGC6388 H41X HIH B iR B R R, &
IAZHC BRATAE B 2 1 v e U 25 4, R4 SR HE S H Hh e IMBH 2N (17 £9) x 102 Mg .
R1fi, 2013 4F Lanzoni 25 A" W58 NGC6388 L X i 300 22 550 A (7 S8 - Ve g ) 3t
JETRBRE AR, AR R IUAF X S R 54, AR N NIX AT RS R T Liitzgendorf %5
N PR LA 2 o PR R B P 7 A AE R GEMER 22 . W1 Lanzoni 25 A" T 4E 9 9 45 A5 B
IESE, NGC6388 42 775 H B IMBH, {545 £t —2 B 72

(2) NGC104

NGC104 {7 FA-AYE, N4 47Tuc (AHEY 47), HOFE Ry ~ 4.4 kpe, V JBLAENT RS
My = —9.26 mag"™" , {E4RIT R BRORE B b H s AR T2 AT w. 2006 4F, McLaughlin
e NS HST M0, BUSBL0EE » < 1007 (5 51221 4%) TG A 14 366 e 2 1 & 47 BA
KUV B, Wil AT RECE A0S, 25 %10 [F 1 B & King BEAUILE REE NN, R
ERMBEAIR K, FLHS 47 9 IMBH 2 BAAEVIRARKIERE . A AbA RN X FgH, ke
IMBH #1778, HFE FIRFIA (1~ 1.5) x 103My . [@4F, De Rijcke A" 4 Hifry LR
A Mgy < 670 ~ 2060My. P4E)5, Bash 25N IFE McLaughlin 2 N 45 R Akt
A% 47 5 —/ Mgy = (900 & 900) Mg, )99 IMBH, {HIHAH & M2 KT B My
BUE I S2BRE o 2011 4F, Lu A1 Kong™" %ALY 47 HOSHALAT X S5O0 % ki T 318
feHiZ A g IMBH 9 BN 1000M, 5 FASEIEA—F. BHRE, Iirfixiest
REASRE A AR SE . AR A 75 B AERS 47 WA H R IMBH f77E.

(3) NGC6266

NGC6266(M62) 1 Tl ki, H0FE Ry ~ 6.7 kpe' ', V B 40 B % My =
—9.1 mag. 2008 £F, Bash % A\"745 HH, R X T BOR 2 B g e IMBH FI4R I K £ 4R
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Bl 7277 T I (R XT3 RO R B0 A ), ALK S R s P 5 10 A e U B TR ¥,
AN R AEF NN, BRI BRI AETE, 5] SRR 22 BRI R B H AR K X 1)
SEER S AATRI MR B, BLHE NGC6266 75N 11 3 ANECIR A F] (7 A2 M8 Al M15)
(17 Hp O XSS AR TR B 5 R S —— AN % 2 AR IS R T E TR Y, X FEA R IR 1 IMBH
—EARFELE . 2012 4E, McNamara 22 \"" 2007 T th HST FRll{3H NGC6266 #1X I 1777
BURERCER, 58 FIRER DU TR Al BV 5 IMBH FHARAALE, ERAHRRA —4
JUT A5 K P & 1) IMBH, 1M J& RI7E T fe S dEf A e 2 B O B (S 03.2 /Aot
N5 w PIHERR).

4 AR RERIR A B IMBH R

TR BRI BRG], XA R REROR A F A A e IMBH FERM, 2SR ZE LR AT R ERIR
BB FEE A5 2 Bl 2 RECIRE F G1 IR TS i 2 4k, D> BRI TR
LT NS E RERIRE R Mb4.

4.1 WWEERKKEHR G1

BRRE R G1 (Mayall ) A2 Tl 2 & M31 N, 2 M31 0 EEZ0N 40 kpe, F5AL
B BT M31 K B Gl RAR AR RS ERR R ], O TR TR
RNFTEIOERRER™, RN (8+1) x 106M,"" s HAN, 5FEAD 0 —F#, GI
VAR — A BRI F, TR AR AU R oh R A R R 3 B T R AN Ao

2002 4F, Gebhardt 25 A" 2564t G1 A o IMBH 19 i) 8 fig 74895 . 1E# F 7 HST 19
FRAG R ASC R, A AL P v X P ' P8 A B AT R B B, 22 5 AR R T P4, 5 o
s IMBH HIBEEAE A 2,074 x 10'My, 5 SMBH 2 Mgy — o 5 HIgMiL 15,

RTT, iR MR FEEE L. 2003 4F, Baumgardt 45 N i HST 98 93717 EAHHLRIR
B ACTRE, AT 1% B P ) 6 R R0 B R B R U R B, 45 8l ) SR A R A 1 L o
HrigihsE, KRS IMBH B ATt G1 (ig sh 2~ 45 M & B iRt . SR, 2 4E )5
Gebhardt 25 A" FIF Keck HEREM G1 o0 X [(13E 323 YORMRISK [ HST BI#E %k,
RIVAERETRS 5] N— AR (1.8 £ 0.5) x 10°M,, 19 IMBH J&5, A0 & BS54 3L
o RTINS, 5 X E I O, Baumgardt 25 N 6 SRR AUE A BT

Btz BEAh, XS 2R S I Bkl IR P ORIR SR A G1 2 R A77E 5 IMBH. 2006
4F, Pooley Fl Rappaport Wt T H XMM-Newton ¥t 8 B MBI . Sk H G1 ) X 54k
R BREN Lx ~ 2 x 102 J - s~ 1 ST fbiiilch, Gl i X HELES TR H —A
SRR, BT BEAT IR T — AN B AR TR X SR NUR, TELA BV R AN REXT T LA
7. 4E, Ulvestad 22 N7 FIF] VLA BB E G1 H0STEREES, 1% AR 2x10° W - Hz~ L,
Stk YEE VN PFATRE: GL S RSk B — P U IR, 3ok | ik 2 X = (pulsar
wind nebula). 2012 4, Miller-Jones % A" Ff] Chandra fl VLA FiFI 4% G1 T [
X GRS, 25 RARIL X B Ly 5 Pooley 1 Rappaport ™ #8911 i) 7 FE A1
— 5, (B0 R AR B ST FB AR ST . %o Miller-Jones % A" 8y Ulvestad 25 A" #5051
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KB GL S ES, ThRURE X S48 BIRSUR MR Ar R iEsh. 1E& NN, WAy
FEH S IMBH, A4t ATTATIAR 0 L B AT DA H 2 SRR 5 i B PR 0.97 x 104 M .

Bk, KTHRER G1 REAEAE & IMBH, MLLIZBIRKRESZ K, 25 MK
IR AR IS — 2.
4.2 ABRERKKREHR M54

BRI B M54 (NGC6715) A F N %A & (Sgr) B g, HEE 26.7 kpe, A58 — M
A BT A1 2 B ERR R [0 2009 4F, Thata 28 A HRHE VLT B HEAIE G, &5 M54
HR O DX R PR B A R SR R SR R B 38 R I PRI £ 4 o g I S ) i A
BT IA G, AT, 76 Mb4 B IX A — AN RN 0.94 x 10* M, [+ 9 IMBH. #8710
VR RIS SCHE H S XTI R AL 53 SR v] RE RO MR RENL A : (1) SR04 F py (1E 22 f A1
TARIE), B EE 1E 3 RS AR TR & [ R A (3032 WEREAND
w W) (2) IMBH #iSAFEAE, (HERBHAAE 2B Mb4, TR R Sgro A, Ibata
SN SbR EESE T AT R

A, BB L. 2011 4F, Wrobel 25 A" 48, i3 Chandra ] X 41230
WA HST 625 KA B 7okl FEA 8 hata 25 N 56T M54 £27E e IMBH (04516

5 HERE

A SRR AT UE 5% T BOIR AR [ A 2 B i S A7 A2 p o IMBH ) i) J, 124 iR IA
JRAEAR, TR AR R A RIERCIR AR ], 2R AR R RERCIRE R, TE1R =M R IR T
FHBZRER (0 M15. A w BF Gl), ERMNITAFETIERRKIBLEE R (I
NGC6388. M54 %), MEELAES . ARL, FFAAFEM AT 2460 7w “IFAR R 45e
(7 “IFARTE e HERR " S BONEAL . BRI R T2, 2 W 4 B i) R A

7 IMBH MR TAE, X FECIRER. 2 & SMBH K BN & 0T 7T OUSH &
R SC AT R HT e AN [RD& AR BT IS RO BOWL I B2k, b 2 IF Fedt — B IR
PRI G, A ANSHE T 85| 7 E ST ORI IMBH Bl gt oy N2
BT ARK L (km)? AT R OIRIAE T S, B HE N, A REORE AN R E A
IMBH FFAE RIS, BRIl 28— BOANE I 1]
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Detection of Intermediate-Mass Black Holes

in Globular Clusters

ZHAO Jun-liang!?

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
2. Shanghai Normal University, Shanghai 200233, China)

Abstract: Empirical evidence for both stellar-mass black holes (Mpy < 10*M) and su-
permassive black holes (SMBHs, Mpy > 10°M,) is well established. However, it is not the
case for intermediate-mass black hole (IMBHs, 10°M, < Mgy < 10°M,). It is confirmed
that the mass of a SMBH is strongly correlated with the central stellar velocity dispersion
o of its host galaxy, which is called as the Mgy — o relation. Some people have attempted
to extrapolate the relation down the mass scale: the case for central IMBHs in globular
clusters, and to detect and discover observationally such black holes, for which cusp clusters
are often used as candidates.

Different approaches can be taken to search central IMBHs in globular clusters, in-
cluding kinematics analyses, star density profile, X-ray and radio detections, among which
kinematical approach has been used most frequently. In order to obtain kinematical data
for member stars of globular clusters, ground-based /space spectroscopic and astrometric ob-
servations should be made, from which line-of-sight velocities and proper motions of cluster
members can be obtained respectively.

So far as the above issue is concerned, the most researches and discussion have been made
for three globular clusters: M15 and wCen in the Milky Way Galaxy and G1 in Andromeda.
However, in some decades there have been arguments among different viewpoints for all
these three clusters and some other globular clusters. Some people hold that, based on
observational facts, there exist central IMBHs in the globular clusters, and others consider
these observational facts could be explained equally well by the presence of a concentration
of stellar remnants (white dwarfs, neutron stars and stellar-mass black holes) near the cluster
center without a massive IMBH. In brief, there has not yet got the unanimous and convincing

conclusion about the problem whether central IMBHs in globular clusters exist or not.

Key words: Milky Way Galaxy; external galaxy; globular cluster; cusp cluster; black hole;

mass-velocity dispersion relation
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