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Fig. 1 Schematic diagram of the variation of orbital spacing in a close collision between binary stars. In the left figure, the kinetic
energy of the collision between the stars(the blue and red arrows indicate the collision velocity and ejection velocity of the stars be-
fore and after the collision, respectively)is larger than the orbital binding energy of the binary,and the collision absorbs the Kinetic
energy of the stars to collapse the binary,and the stellar motion velocity decreases;in the right figure,the kinetic energy of the col-
lision between the stars is smaller than the orbital binding energy of the binary,and the incident stars are caught by the binary to
form the unstable bound three-body system in the collision. The unstable bound three-body system collapses by ejecting a star at a
higher velocity,and the newly generated binary also gains a higher rebound velocity. The orbital spacing of the outgoing binary star
is greatly reduced compared to the incoming binary star,and the collision process extracts the binary’s orbital binding energy. The

incident star in this collision(blue-green curve)also displaces a substar in the original binary system(red curve)
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47 Tucanae in X-rays |

BH-XRBs
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Fig. 2 Optical(Telescope/HST)and X-ray ( Telescope/Chandra) depth-exposure images of the globular cluster 47 Tucanae (47 Tuca-
nae/NGC 104). X-ray imaging data show that many of the main-sequence binary systems in 47 Tucanae were converted into dense
binary systems by the “binary burning” process. The process converted many of the main-sequence binary systems in 47 Azalea in-
to close binary systems, resulting in the formation of a large number of faint X-ray sources at the center of the cluster. Combining
radio, optical , ultraviolet and X-ray light-variation data,a BH-XRB and several NS-XRBs candidates, dozens of MSPs and CVs, as

well as a large number of exotic objects such as ABs have been recognized in this cluster. The X-ray imaging data of 47 Azalea in

this figure are cited in Ref ' ,and some of the X-ray source identification is from Ref ['”
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Fig. 3 Schematic of a black hole burning in a globular cluster. After two permutation collisions, a stellar black hole in a cluster

can transform a main sequence binary system into a binary black hole system. The kinetic collision process of a binary black hole

system can not only provide energy for the evolution of globular clusters, but also effectively form pure gravitational wave source

objects. If the black holes are not ejected from the host clusters during the collision or merger process, the black hole burning

process can continue cyclically in the clusters,achieving a significant increase in the black hole mass

X ARVAT 2R BROIR B AT R A A A AR R G E A G R R
AL B mMIT RS R, R N B
7 TH A G0 BRI 38 o 5T v Ak 40 J2 A8 U0 23R B A2 A
Tl 5 I R B SRR 7 R PR S S . A st
Ao A A 2 36 376 /N 1 A7 32 AL AT 1% T 4R B B A L TR ke
RG] BE S 3 1 R Fa E (Spitzer ARAE M) 197,
SELYTR] - L AT R 2 51 7 4 L O 2 B4 o
R b= A K % A R WP I 5 At B A
1 F R S BULF I B B ~ 107 48 Py Bk
i 558 ERODR R A0 X S B Lok AT T fh
T T I A AR T 2R BRCR AL T R AE A K R E R R
T, BRI+ 24k B R X B 1 &
AR R & BT 2 B BH-LMXB i ik &,
R ) S 3 3 O A R 1) R BE 9k AE [ — A B A (NGC
3200 R I T 3 %F BH-MS R % g 5] W
356 F6 R0 5 3k 26 T 30 10 B 1 A 4 P T )3 4R i K
FEAE TARI R ERCIR 2 A
1R 25 5 — N JRCPA AT BE N AR R R i
Fhife. 2T A8, B N AR B 8
Bt H /NN ~10") HURE T 5 43 A A5 8 Ay B
FERA g E SR el A R R A= R Ui 2 e o= |
HHULTE BLE R AN K 5 25 32 AL AT v ) 5 3 fE R R AR
RS A B S RS AP . ARk A
TP IR BB N ~10°° REERIAE S T RES J M

B AE A OUR B AL R DA R AT A A A S
SRR R o AT o T IR R R SRR AT LA A A2
P A7 ARt 10" 4EDS0 AL 90L3 1 10 ¢ it
FRAE 2 — 2 48 A2 G TR 22 1] 0 B8 7™ AR 5T o Ak
JEBLGE - D BOR B 1 K 5 A A 2 AT L JE AL
IR R GE e AT 1 R PR A D R A A
P ALREGE A 8 4 BB 7 A PR S B 4
T 246 AR 2 i o 652 /0N ) S ) K L A A2 4 7 XA
e EATAE B P P A% ) o3 Al 5 Ol SE L BE S
S AT A R R TR TR G O IR A R R S
AN Spitzer AARE BY A A2, TR A AL T
L Bl s i R S K R B A SRR 0 S e DR 2
WX A2 i R AN R A 3 s S B AE A
PRI T 2 6 02 RE A K AR S A AE I

eI ey B BRCR B AT P Y R — R
LM AU ) A9F S o o A O U S BROIR A T
n] DR B A4 51 7 R R IR A 1 A R A
T4 W7 222 PAT v ik 75 A7 A AN T WL IMBH 5K 4 15
FE G R AR IR A BB AT S B R R UL T ik 2
— SR BROR AL P bt R BB R TR IR
(6 ~ 10km/s ), AT WL K AA [ 51 T B i A7 1
TRANC~T1077 B9, 3 5 B 45 B2 A i HoOxdE 2L
) B R Z BB 2 AT H AT R 7 i HRE X
A ROK BH AR BT 0 BROR A P R A WL PR ], — L8



o E M F i

Chinese Physics Review

PGSR0 UA S e R 5 2 3 A2 A b SR e
A B 5] 7 3% BT IR 52 ok B A BRR AL 1A v e AL R
TR % B SR, SR o T E T O 2
VAL A% BR 3E 47 38 43 04 A AT AR S O 4l DU 8 (L AR
SR I AR B SR 06 N L A T R AR L £k
BT e AL g B B R A rp oA D B B 5] B R
e,

CCESES SN RrARE <3 B U aake N I VIR
SN, BLF AT LA B D st ) B, B, fH R R
1A 5 2 2 B 0 3 7 25 6 8 3 H ol AR B AT Y
S5 H, BRI R, < BRI B i B AR Y BE
¥ BEA kb 3K 2h 75 AL A AR ARG T L PR O I ) Ak
gk HUR B B R R A 5 5N
e fE R B, B A sh ) 2E AR R B AR AR
Bl Rz, R P R R R 12 18 Bl AR
JRUL AT L E B % O 4 BB TE AR sh A
SPAE B RO PR ERIR B AT L B Ah L fE 2 YRR
TR 5 A R P b B A ) D R AR 2 ] 5
7305 BB AT Ak e AT R VA )2 R
WA R B A R A v R AR R AR 6]
N BSS,LMXB,MSPs,CVs U K& 3 FF WU 25, #0k
FUOFRER R P, B RS E EEER
R, EMERB T MER G S T2 EFEED
SHES . BUEBIIR R R 05 B
Z, A ERBAD R EFEES TR EERIR
B AR AT, S 2 0 BE UL F) R A 2 TR RE e A
BT AR A R G R R ORI A 5K
FUSR HE ™ P s e JEL R, 45 4 3h 7 2 B 2
AT ) U8 I 45 SR 2 A 00 G 5 AT A B8 340 22 R 0T &R BskofR
A TR AT SR A7 A 2 R e 1 R ) B, AT R 2L E
FER DAk BCE B, B & A T 100 ~10° Mg
Zqa)

PR L IR U0 AT SCHT b U B B il JRE S B AR
TS KA R T e R R Y TR
T ERAR AL AT v 1 H At R A, BT B R A A
PN A R B AL A R RUR BB R L T
HOITE B W F B RS . I R B 2 BRIk A2
MR X S fm i R R E R X %
WL AT v 2 DA S O R Bl T A AR A
T FECEANTRREE AT 1 5 0 B 6 8 3 B R
AR A LRSI s RUE L e A SAR T R R R M

M X LR SR, X 2 B S R 2 B ) R AR R
Ho e H 2 5% BEAR I A BROIR R FAT, PR ot 5 4] 002 7Y
AR e 5 R AEA L. A, Tk
AR A ot 77 A 1Y RE S R 4 3 R 5K 2l A 141 b
FELAS 0BT IR Ji BT O, BsOIR B T 5 3 32 R &R A T 9
RO A AT DL TR 3 Bl %6 0 AL A vh 2 AR AR SRR
BRBE” 7 B ik B 0 L IR 2 — .

Vi Sy B 7Y 5], BRI B ] Omega Centauri & H
AR TA] 28 v O 40 A T o e R BE T (M~ 3.6 <10°
M ). 18 # B2 55 4 P 2 % W] Omega Cen-
tauri AT REAL BT IE ~ 1. 6 X10°M o, WA AT WL 5]
Y, AT A RE S R & fE R R T 4H AR
X SR WL & B ER AR B ] Omega Centauri
XS IR S (] 4 A R . H XM Y 3 B
RTH I & B R 5 DL K i kR & A, Xk W]
Omega Centauri H7 0] WL K A4 (19 5T o5 38 4k 73 J2 2000
DA K WL R e 1ok R B Il PR AL AT R T
SR A S — A v 1H AL % B A AR i BRI 2 AT,
Omega Centauri 8.0 3% 17 iz 2 19 B0 38 J4 1
~ 0.2Gyr , JLEGE /N T P v A R 0 1R st 74
WA Cr, ~ 4Gyr). BEAh, 0 BLiE 18 3 Fi it O-
mega Centauri fF L4 0 A I %W 12 (R, ~
200pc DEWAERR OB (R, ~ 70pc ) K =A%
EA B & B Omega Centauri 24 7 75 2t 480 1
T R A B A R R . S
UEE UL B 2A I 7 5L A 4 98 323 % Omega Centauri
G 7 e AR L BRI R T I RE R T A I K
#h#E B H Omega Centauri FZb [ 3# BE K , 8 & B
A A A AR 0 BILIE bt BE 7 R 9 R R RN
I3 — A A 2 BRR B ] Palomar 5, R4 Palo-
mar 5 [ B R/ (M ~ 1.34 X10' M, ), 2 1
O A% ERE B % W ARMR (o, ~ 0. 16M o pc ) o fH
Palomar 5 147 % 810 2 85 2 by H: 00 i) 0 97 %1 2
B B B R E R G B (5 i % Palo-
mar 5 KZJ 20 %0 1Y 55T &, < JR R BR be ) 7 IEAE
UK B & B A K, S BOK = E R R AR T
Z % 4 FH D 1 BS H Palomar 5%, Rk 8951
77 W R I g B UF e R B UL 06 GIE G 2 BkeR A A
Hh Y R R e ok AR R EE — 2B A B AT A R
e ali g1 1 IR )



BB < BROPR A2 AT ) 7

Omega Centauri in X-rays
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Omega Centauri in Optical
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Fig. 4 Optical(Telescope/ MPG/ESO 2. 2-metre telescope)and X-ray(Telescope/Chandra)depth-exposure images of the Galactic
globular cluster Omega Centauri/NGC 5139. Stellar velocity dispersive radial distribution measurements show that Omega Centau-
ri contains up to ~ 4.5% of invisible gravitational material, which is most likely composed of a large number of stellar black
holes, and X-ray observations show that the spatial distribution of faint X-ray sources(mainly CVs and ABs)in Omega Centauri is
diffuse and less abundant than that in the Milky Way galactic field as well as other globular clusters, suggesting that black hole

subclusters composed of a large number of stellar black holes, not only suppress the binary burning process in Omega Centauri, but

also inhibit the mass-evolutionary stratification of the visible objects in this cluster
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Black Holes in Globular Clusters

CHENG Zhongqun'*

(1. Department of Astronomy,School of Physics and Technology , Wuhan University, Wuhan 430072, China;
2. WHU-NAOC Joint Center for Astronomy, Wuhan University, Wuhan 430072)

Abstract; Black holes are the laboratory for extreme physics research in the universe,and the detection of
black holes is one of the most cutting-edge international scientific goals at present. Globular clusters are
old,self-gravity-bound object systems in the Milky Way that contain millions of stars with a high stellar
densities inside. Hundreds of pulsar objects have been observed in globular clusters, but the existence of
black holes in globular clusters remains an unsolved mystery. A globular cluster may have an intermediate-
mass black hole at its centre, with masses ranging from 1,000 to 10,000 times solar masses. At the same
time,there may be a large number of stellar black holes in globular clusters, which will affect the evolution
of globular clusters and form some special objects in globular clusters, which can be observed and con-
firmed by astronomical observation equipment. This paper will focus on the possible observational features
of the presence of black holes in globular clusters and their effects on the properties of globular clus-
ters. Black holes are coupled with their host globular clusters through dynamics,which are important sites
for the formation of black hole X-ray binaries and gravitational wave sources,and black holes change the
dynamical structure and evolutionary processes of their host clusters. Therefore, searching for X-ray
sources,detecting gravitational wave signals, and studying the characteristics of globular clusters are im-
portant astronomical evidence for detecting black holes in globular clusters.
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