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W, SRR SR RS AT AT . TR OAIEAR BRA S, EEL R (R
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SESE (WRE), MM 3 772 G4k 5 2 1) i &
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U X SRR T RETRZH LMC X-37, BB T R HAERm RN T
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FREARRIAUE R4, HARAAER 7 Efig ARG T e e REs, HEaEANS A
RS AH R, DRI R R Se 2R e B B S LU 2R A e e ) B S . AERRIRIEAL R, HIRERE S
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K,
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o B FRASEAR CRIAR [EDG 15 AL 3 B B0 BEATRT LG, 2 R I PR R U e 1 m g i i 4 B
T HL B . R A 4 %) Jee i 7 eh b T P it 1) Ae T3 97 B0 1) A 1 B SRR BT I Bl T A P T
BERRGH, 053]0 5 i B 2L 1 8 W A S A ok AR B gy, MR T REE )
WS ZRRRE, SR L ERIAG R, @i ARk 22 U7 v mT LAE I O A R
vsing MG RIEER S fi (0 < fo < 1), WHRBLAT S NN fa =1 — foo HARRIG
N WE—RIINBREEE vsind {8, REBOGIE R AZ IR osind ERE, HIRLL
fs BT, FrRp0eis 5 B XCR e i A . B ALR, WERATIE vsind A f, BRIFRF
H %R UR RGN LIRS HUE, B T 15 BT R 06 W AN 8 A HE B DG s 2k,
IR FRATR R R I FEAT 2 A5, @it x2 Hm/AMUTTIE, 7R3 B 3w A 1 T
T i S I e e T v sing I A, tHARAS HOGIE A B fo IS5 R, R4S vsind HOIIE
g, BPmndds (2) thE R EL ¢ BB X T R X $ 8B PR Nova Muscae 1991
iR ZE LN & vsind ETE R E. BIREFDGE RSO, ZERAELS T EiR PR
PR 5, 5 R SRR SR RO AR, ERAIER vsing M £ I HUE T, AHI
152, BUEITNERAGHE, ACEL AR (LA WRR A IR A S 42 A0 B2 s A o IR WA X e A 2
T IR .
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i (s3]

2 FIA molly HREME vsini HISLH)

FE B AR ZE T iR vsing AT f, EREH, A ILESORAN 7 ZIEE. BIFEXUER
JEVEAEAT AL 5 2 PR A B RS AR AE AR AR A G AR AR BV R AR S ), 7 BRI ik
AT AR BB Bf . 34k, ERRBOEE 5 B s T2 T F— 8 i 2% Rt A
Jie JE& 58 N B I RE A, FRATT 7R BRSO G BT IR B S (limb darkening) £Z1E, FFHN
TR BRI R 2 WO ST 1R R WA 2k 00 B8 Bl BT A R R SOR RN, 7 EEAR 4 W O I ] B 2 B
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RO ] 33 58 SO ABAR Y 1% 2R 4T (R RE (R RS AL T, 76 BESR) X SR BT R b, SR £E 2 A iR
FEVEEN 30 ~ 150 km-s~!, Bk, N7 SREGERK vsind 8, FEREEDGES R, 6§
VU A5 380 (0 5 4 AR ZE IR, AT S T R L PR A U B
3.1.3 iR T oy & A9 HOR I IR AR A

WU R Gu3UTE 1A 1100 5 38 A B T K e 23 BT 20 A B 11 0l 7 it 28 25 40 B sk R i
B, 15, N TENDEEG EE R H AR AL, W LA B IRAF/DAOPHOT T HOR#HT
LA e —MAB LT AT LUE S 1.5 F% RO EUE I E =42 %6 (full width at half maximum,
FWHM) 1ERNIEILE I RSy (ESE SRR S50, 51 bs 35 B i A At 5 Skl e
V54, AT DUR A EGARTRE B8 HE R M S s s X2 —Fp) 2 T R0 50 B b B
B, s R G AR RSy, AT R B TR e W LA SFFT
(saccadic fast fourier transform) . HOTPANTS M ZOGY. iX— 257590 (A% O JELAR & KR ]
P 5] B B A R B AT DT T, 3T BT UG E A0 55 477 50 B B0 P S AR [ MR 22 A% R 1
W, FA SFET J& 78 B 28 (i g 471X — RAVERAE, KBEAGERE ST, R RDEAR
22 J5, T Bnhi e gs BT B WP 2007, BATHEZEI LombScargle 773k H -1k )
PEAS 5 BRI A AT ZE . X P 7 VA T LR e S 500k, Javh B S [F I R4 26 R 1) Th 26
oL AR5 FEAR 5 3 4 A B e AT AR AT T8, gk mT DK R A M () 06 A% i 2R AR b FE 3
Hok.

6B X SRR, R R
AR I A o TEAS R BB A A, fF
L THT 1A U0 5350 43 ) R T ARAS [+), - [] B A 17.07 ’
AR E A 5 o0 A, BTE AR i . :
2k rh 2 P — R R AR XU R B S (RN
“REER 7D E B R T RBIA X HEY
IR GRO J1655-40 f6AR fi 2k, Ak bx
FORPUBMNL, PBIRFRIR V B Z, 174 .

My /mag
—
it
[\
T
|

SEE N AR B R AR A, B 0 0.5 1 1.5 2
BFRALE TR MR, e — AR s

MR PIREER B &1 se g, fE —DNELIE E I, VE: AEAETSEA Kurucz KSR AT 5.

A A A 5 11 50 D A e A T ) O 0 5 3 B X 5148 GRO J1655-40 B V SHEE KT
ZE T AR IR K (AR A R B2 00 ) 3 B 4 %k pheknlase™

H SR ARG TN A ER S EARS

WA FE TEEMME B R, HEREBFZH (BORMERES) SREBRZE BUAKIEA) W

AL X 1R AR R B 5 0UE R HUEWA @ Z BAAEEDIMRBOCR, iff i
Ko RERAE U A G 0 - T 92 170 B i 6 B T FRATT ARk 7 ), BT P i DA “ i i~
TEX W, I ISR A ) 1) 6 AR IR BE B K. GRO J1655-40 &2 —AMA F6 IV B 45 )i
BRI X SRR, K RSPOENA DA TRMIIET . ST, S
(RIS 0 e S X S 2R IR A s 1 K— M RUER A, DRL, DeAs ih 8 4R T BE 452 31 Hof
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JEEECIFEM ™ E T L B2 ).

NT SRR AR, s TSR R R LS SRR, Xz
St 21 IS RS M ) 9IS (gravity darkening) 280N 25 PR 2 RISEM . I B0 250N 45
fE R RS IT A GM XCE b 2s b0 XSRS MR MBS s 1T 2B ) B W 28080 I 2 48 4 2 %
TE AT B0 S E AR, 2k, S ECRTHRE R IR, Bl E
7 FE R G5 AR IS A I T LA S50 B ) ar A, RN DUE IE B T I 0 B 5% R0 g I 2R e
FEAR I, AT DA B ORI, A TR ESR, W KA Kuruez Al NEXTGEN K
AR, I AR VR 1 SR OUR RSB A KA R, TR ELC Ceclipsing
light curve) . W-D (Wilson-Devinney) " 5% # PHOEBE ™ #fffi.

3.1.4 HALTAT Ik

RS FEE IR R I R G, SBIR X SR XUR 6282 th 4 A5 m RE AR AE “ K
gplg” (superhump) VEHIBLIG, BIGAR i 2645 H 0 FE 15 0 A S A i 22 (LA A Re UL
B2 ). X TXRARY, WHRFEL ¢ 7£0.04 ~ 0.30 EEA, AME ¢ ZEFERR:
AP = (Pay — Powp)/ Porp ~ (0.216 £ 0.018) ¢ o X & fAH S PEAR 3R AR S5l i #0045 45 21 1
ZIAN, ZXRAEYEEG LRAER, WAMTEL ¢ =0 K, AREAEPIE] SR
KSR RIS XA ERERe R I ¢ EAFENE, A A T HAA RS,

B 7 ALE e AR 2R BRI B VA2 A, SURBUEMUA @ BT i@ HoAh ) LR s B TR
il ST B % TR0 28 S FEL S I A SRR U R G, WIS WL R KR I £ e 4 R AR B
HuEmif, XIS R WA S PUR HUE T E B HOAIEERY, BHRIEA—E
T BT WAL 77 1. Poutanen 25 A" LU XUE MAXI J1820+070 A, J&7 T Lk,
3L LA S BT T TV A3 =35 29 39 48 1) AN R R 5

UbAh, 7 AT SR B R AR A Ha R ST EREFFAE -t nT F T & T & L ¢ ME WA .
BT 11 A X SHREIEN CE SR, Casares” 1E 2016 4F 5/ = ek 4T 42 P40
A, M F R

D
gq:—mBSiam)—@32izmg( L > : (3)
FWHM

HA, Dp Ml Wewan 735148GE Ha EE{F%E/‘]XX“@I‘EUBﬁiﬁﬂi’g}ﬁﬁﬁ’\]ﬂé%éﬁo How XU 7E
T SHEB 2 L —

i=(935+65) T+ (23.7+£25) | (4)

Hrp,

T=1-2-(%) (5)

Herp, WAREN Ha ARAHE LT DUm et FRpe R0l i, e rb s i ih 26 (1) FWHM 1.
SR, IXEETTE T SRR IRYE A IR A S U5 TS, R RE R 2 5E 2 1 b Rons FL e w1 32k
AT IRAIES
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3.2 RGMRERERM
3.2.1 ABREXRFIRHTE

M (W) AR PAE Y, S 5 A SRR T sin® 0, DR ot S VRS 0 AN v R
FORVET RS HUE AN ERZE. T RSPUEMA ¢ 5B RRZE RIF SR AR
AR T RGO M5 Gy, (615 RE06AR dh 4 b i B PRE (0 3E FE BAVE AR . X BRI X
SR IR T = B (] 2 FR R e S IR M R B, AT RS B S X S 2R B IR R 8 1R
W BRI T A B 0 B2 T R AR Sk R R A, SRR
AL TAE LSBT, IERMERE 28 R TP XFARI AR E
IR BTN E RS BT R, HILRFER 8] RO B B A ) 2K i ok,
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Progress in the Mass Measurement Studies of Black Hole

X-ray Transients

ZHOU Ao, WU Jianfeng

(College of Physical Sciences and Technology, Xiamen University, Xiamen 361005, China)

Abstract: So far, a total of 72 black holes X-ray transients or candidates have been detect-
ed, of which 19 have been dynamically confirmed. These transients are X-ray binary systems
consisting of stellar-mass black holes and low-mass stars. Measurements of the fundamental
parameters of stellar-mass black holes significantly aid our understanding of the formation
and evolution of black holes, and also provide crucial evidences for ongoing debates in this
regime, such as whether there exists a strict mass gap between stellar-mass black holes
and neutron stars. This review introduces the fundamental theories of black hole X-ray
binaries, discusses the commonly used methods and softwares in the mass measurements of
stellar-mass black holes, and analyzes potential sources of errors in the dynamical model-
ing processes. Finally, the statistical properties of the existing sample of black hole X-ray

transients are summarized, and the future research prospects in this field are presented.

Key words: X-rays; black hole binaries; transients; dynamical studies
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