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REWWALER . Kitamoto 7E GS 1124—684 R IL T AR T AR AL, 1XF
S TEZ BT GX 339—4 P A BT ™, BAE M BIZE R B %, DRI A AR A B
A (very high state), H X 5L 2 I RS STR & KRHE. 76 LI PRI R
BT A=A RO BEIERHE, (B2 R AEEBIRCERIN R, BFRZ R H A7 (intermediate
State)[S’ 7

MM AR I X 5 A RDREAT X, Bsin A7 SR T —MBURLARRR X 5Tk
AT B AR FE AL . T ARSI (L T B AR N AL R4 TAFEES: THS
(quiescent state) fKAEZ (low-hard state). FZE . HHKE (high-soft state) FIE A {4
WA TE R XS 2 XU A UL 3] ) SRS RS 1) e i P el R A AS [F] MR AR R i, BRI
JEEEALTREZS I, AT DA B 6 LA R R AR (advection-dominated accretion flow, ADAF)
ik FERDCEEA TGS, LR U AR (PR HERL) Fik . IXPIFPAN[R] R R AR
WA AR T — AN AR HER i B ADAF SRS, R P b IR RR A BRI A SR A 3R AN [
AT RALT o XABERIA N, R [F 06 BE 6 B A A7 ZE A 1R BRI LA, TR 4 R A
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B2 BE 3 PRAIA X5 Ze XU WL B4 AR 8, AATTE W R B X I 46 11 RE 3 1tk B3t Al X
SR AR R BR AR, Eean7E IR LA RE 1) X S Zeme i iy, X IR 4R R O AR R R
WAR K. WX X ST FE (power spectrum) HIFFFT RN, THEEM LA (BLHE T R
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FISCHR. X5 S ) B 1 AN DG AR 45 & HoAth i B WL 45 2R (B S A 2 B Br) #8787 %
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. B B SR I ELE DL R R R AR B TR (root mean square, RMS) &S #E &
e LT =FZ: A FEFE (thermal dominant state) . Bz (hard state) FBERARZ (steep
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WEE BB/, 7 AL AR TR L . 0T ASM SR A 1 crab=75 counts-s~!, XfF BAT
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T L TR SRR X U FIAR 636 R R — B Sk T R VB P B 13 B B R A R
BV FEXT IS5 RIOTTIR, 24— ANJEAT Crab 78 BAT 1 ASM st R B/ X 5t 2k s
B OR B 1 TR 2 —RER (XA E A BEIK, Bk Crab 7E 2~10 keV I 15~50 keV
(IS AT LU — AN SRR, SR H05 B0 2.07 A1 2,127, WA BRE R A I i R A i
—AMERREAIN 2.0 MRAE XS, SR N K ZH X FERIUR MERBE (ny) f Crab
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TR A IX AN AR KR, 55 A = 0.93+0.07 A1 B =042 +0.14, Hi lgLps BN
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F LMW BT Cygnus X-1 EX N KRARE LA ERRRKIEN, EMEHRERRELE—
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2.4 S-H 75RKiTHRE
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BOENE . EAFEERE, BATe X S-H FRIEEA RSKEIFH T R, 12K
TSR E . #8S-H BIKITZ S5 15~50 keV BEB IR M /E S-H A& BRI & A I I 5
FIPL SAET, TT LAZEAH [E] i RE BRI AR [R] 25 Be i H-S 2SRV A S-H ARKIEJ R, R
FTESERIT IR 2~12 keV BEBL BT HRAE LIRS TE AL HOE B I &4 i A
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TWH S-H RPIERAETENE T REM B, Bt LU A 58 N % B AR T 52 Br 2 BRIE NI FF 45 B 19
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%, & Maccarone ZE A ™7 1) S-H APV EEE N 4 R51045 A, 4 FE 55 R B0 K 44
JRE A EERRENRER FB T EINESR. M HETLEH, 4 K2 HNRRKR /IR
i S-H ZBRE B L H-S SERT BRI ILE, S2atms R —8, B
_FAUESET hysteresis (MW .

S-H 25 BRIT 6 BE FF 3 T 2 1B R B VB ' B A AR BRI AH OC . 49 B ) Spearman #H2%
RN 0.5, BN FEF= A XA S HIMER A 0.01, XEREFH A W EMHIRIRT . WHL
Pt — P BRI R, XS5 IEAH S AT RRIR K —#B 70K B 4U 1705—44. 4U 0614+091 Fl
HETE J1900.1—2455 iX 3 NMERITTER, B8 EAT5 BIAL T 5088 W o . 25 25 A0 5T & AN
EEM AR 2 A A REL (b FEREH 2.2 Mo, & 1.4 M), XA PLTTER— /)
HAMIEMAR. M2, ZREFH S-H BT EEMERMIEEERA R — R IEMRRR.

3 H-S FERIECEEA AR BAR M £ S 1FE

3.1 ME X H&iREEMER

— e gy Y SR, BT RAREZ A, AR AR S H D S AR . XA R
SRR FRTA LT RIS BRI ROk . TR B H-S BT 6 R G 1 S
FEREHKXKXRERE, XNRMSEDMAEENRERB R/ N EECRE, ik NRE
RAERTHORAAL AR B TR ™™ o — NI 06 24 ) P50 SRR R BB T A — AR
ILTEAR IR AM /dt 7T AR IR R R, BTl X S8R nZR dL/dt &
—MERF R AR &

W AR R e 5 A R IE V6 BE HOV A M T AR S R AR BB %, AR M IR R (AR —
ANET LA (1) /N B o 76 RTIRIR R R I MR BEAN RO, BRI A B IR POl B T8 S AR LR Bk
H—WE AR NG AR BT UESTOT B AR b, TR K38 A X T IR R A 5 ok
Vi AT A AT DL 2B 1) /N &

Yu A A5 T IR T VRTE H-S BEGEMBE RXTE/ASM il Swift/BAT IR i1
Iz, @ THEAR TP SR ZE AF KR CAB R I [R) (R) B o AL /dt 70 2RI X 58 XUE K
AP FRE X LR SRR SRR R dM /dt. A 7RG EERE, Bibl
W AR AR BRI 5| 1 A e B Ja #R AR A H R T T 2B X SR RUE SR, A TR
FER B TR, MR REE IR i AR I RR 2R, T 70 A 28 e 38 55 DA Ay stk By IR R e A2
R Y AR IE BT RN R, AR IR TR R, HR R A B T AR
IFRS % . FrLh, 78 H-S AR ERIT PR 55 0K (900 55 384 0 28 3 12 R 8 10 DA e Bk g R IR 28 (1) 18
TN, XN P4 RBTENIE, FARBIRAR T E X AR —FERIER KR (WLE
4 FE 5).

3.2 H-S BEKITNEM X FHEAERIEME

WRIREE /R _ BT bR R — A H 8, AR /BRI R R IR dL/dt &

R 48R BT AR R, WAE G RER AL /de WA A, FrLL, BFSTG B 3 fn %
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T H-S AFFTCE KRR, FEEE NSRRI E R R REAT U, AT LAREIRA KRR A
REFHXRR. B4 B/ RXTE/ASM M Swift/BAT 82 dL/dt Al H-S FEKTEEZ
F) A AR SR PRI A OGP o )T 8 460 B g AN B0 R A4 o = )R AT LAAS B BATT Spearman AHIC R %4>
5 0.72(RXTE/ASM), 0.70(Swift/BAT), BENLIERER A PAH < ML R 2> 5k 2.4 x 1070
72 x107% WRABE lgdL/dt = Alg Ly, + B KA LW, HP dL/de REMN
RXTE/ASM 83 Swift/BAT B3| FOGER N . X T RXTE/ASM, A=1.15+0.18, B =
0.06 +0.32, WELERECA 0.114+0.001; X} F Swift/BAT, A= 0.81+0.27, B = —1.16 4 0.45,
P ELRHECA 0.10£0.002,

B 5 B8 T dL/dt FUERAS U 6 BE AR OO R, X T O 0 BE B0 R0 B0 R AR i & 11
U8, Spearman A3 A% 54 0.86(RXTE/ASM) 1 0.65(Swift/BAT), BENLITFE A X Fh
ISR 514 1.9 x 107 19(RXTE/ASM) 1 1.3 x 10~ 7(Swift/BAT). A 1gdL/dt =
Alg Lpy + B AL RS A : 5FF RXTE/ASM, A = 1.184+0.14, B = —0.56 + 0.15,
P ELRECH 0.070 £ 0.001 ; % Swift/BAT, A =0.67+0.25, B = —1.76 +0.28, BT
4 0.116 4 0.002.

MK RN 45 5, oV AW B AL /de 3B R ARG £ SR H-S 2 8KIT 6 A
Kk, BEH TIMIS P E XA R K R (B GX 339—4 1 2007 FF R W IVFRML T
UEHE . R H-S AR ERIE 06 FEFIEAE G FE A O R R HE H-S S ERIT G BRGSO RE
§5. 7F 2007 SRR RS FEF, W RXTE/ASM £33 (#5648 i 28 o n] LLE B X 528 I (B
A1 20022003 FAR K G EFRZEANZ , HAE MM Swift/BAT 152 16748 fi 2k H& 2 phs X
Stk g E A B T 2002-2003 SRR I —F. WRRIES KR, 2007 FEBR MK X 5
SR IR AR Pt N 12 R ) — 2, XAt UE ] 2007 AR AR R 65 e B9 1 oA =NV Y
HKR ™ A 2 fi. FRINATRE R 2007 R EFHI BRI B34, XA AN RXTE/ASM
e 2k B Hiks

H-S BREFCTOCER dL/dt FIAHRKRRKRERIAT, 2 XSmOt EREEIR /N, &K
SEME K dM /At ZEABAR AN, 0 H-S [IO6REE s EAR SR R N5 T o, 3% # Cygnus X-1 1R
RNAERFKTEEAH B (WK 2). Cygnus X-1 FOEELEE %, T HSKIEHNEE
e O Y X AT UERE O Cygnus X-1 ZEABRIERFR b dA/dt RN, Xtk
2 TR RS IR R IR H-S AT M 2 A2 i F dM /de k. RReLiffEmA
() dM/de beigeds, BTbA H-S BT YRR LR TR LA & i dM /de ek, b
H-S ZERITG Bk EL B

H-S ARG EM dL/dt ARBRKIEAHRX KR, BREAPHAN FERNSHRE T H-S
BT RAERICE . Hrh—ANREE N RRARER: LR/, BRI 6
R R e MR AR R E I, R O EE (BDWRAR ) W LIRS H-S ARG
FMEAE . 51— AN SHCR A B

XSt RARBERRAT, EWARRMZAL AM FRFR M A5 KNG, TR KRS
AR A S 2. H-S BT — B AETER R /IR BB B, IX I AR SR AR R R € 2
AEALI . WEZS 584 BT RIS AR LR E 2R LB, s 4 FE 5 hs, fE%
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JUTFA 1, ULEAERRR /NI B TR B X SR BRI K& 1/3, X ERER K /N
WRE) TR B, AR IR, AR UAE— N T LS /N . PR, DARRZSIRA N R &
I AR AR T SRR A BT A R T I 0 SR AR A IR X A WL A
Hofth— SRR g SR
3.3 BERIXEMELXEEG

Yu Z A" g BRGNS R AR ERE R T AN H-S A BT 6 RE R (0L
6). 2 M= AMNRER—MEHNKDAFRRERK, RRREBRBR, BLARERDKE
Ko BEAS I X IBARIC A KA, KEKRIBARE A A 6. HRIRAT I EGE R R e &K
I, H-S #1 S-H FERITHB R AEAE—AMEE RIDGRE Lo, KT ULEIRESAL TR, & T E R
BRI RN HERKE RPN ER XK, BR EFM BRI AT LU B DGR (5
F Lo), MHKTF Lo MOLEIELT AL/AT. S-H BRIENREZEARLLE Ly L. XA4EH
BRI R N EE LR R RNUE RIS T DIEE KRR PR B IS, ER\AK
A hysteresis UG R BN BRI T B2 JERE AR I K.

K6 WAPERSRIEER " BREANRERELERRE, SHCEREERR. Y— A EL
TRABBE, HWEHA A2 A RRIT R AEE—AEFHEBICET (L), XARRERES
BT O EL A — B MRS —AMER IR, H-S SPERE AT Lo, KTF Lo MREERT
AL/AT; S-H FFRTCEEAZTE Lo M.
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4 PO ARSIV & —— WARE R

4.1 GX 339-4 8 X HZIEEREBESBELEFFREMEEXR

GX 339—4 AR LB E I B X SHREHE, Yu A 29 T 1991 4E 5 A
2005 4£ 5 H CGRO/BATSE 1 RXTE/HEXTE % GX 339—4 (K IAMMEHE, RIBEEIT
0 S B 745 VA VL L5 1 R PRI S A BN () AR PRI LR S R e Wu 2B N ™ 4347 T Swift/BAT
XF GX 339—4 7E 2007 B K FIMEHE, 456217 CGRO/BATSE il RXTE/HEXTE K]
W, &I 2007 HIEERAER S Ya SN MERLRXR, T EAA 2007 48K K%
e TXAMAH KR (W 7). INERKREEBAE T — KB R IFAE G T H AR R FIRE X
SRR R . 24 GX 339—4 76 2010 ERIBEN—NHHREIT, Yan 2N ™ R 2K
KR, BMITE T XA R AIIE X G LRI 2k i I TR RIASR, bR T Swift fHLIEST
% (target of opportunity) YLill, R1F T MURFH) H-S &8 BRIT I3 ) 22 U BOW B4

BRI RN RS AR RS R L R AN R
T T T T

1.2

1.2 1of 651 o BATSE (20~160 keV) |

L sat o 16 « HEXTE (20~250 keV)

o ¥ s ]

1.0-8 yal - @ o BAT (15~50 keV) |

:L:,“ 1 - /<>8_7e 1¢ :

o5 L 0.4Ff @é%?—l e 1
s 0.8 4-3 L 1o -
§ oof o 209 e : |
r P W) 1 ]

s 0.0 ; ‘ . : : idn ]
e 0.6 0 200 400 600 800 1000 1200 8 -
X ST /d . i
& b
x -
i ]

1000 2000 3000 4000 5000 6000 7000
TJD-8000 /d

K7 GX 339—4 MKBARE X HEeAE MLk, KA CGRO/BATSE(ZOE) . RXTE/HEXTE(SL.0[H) 1
Swift/BAT(J7H) MMM, SR 0.1crab FIRIERAKT, EIZL LTI X SHEBRWEH KR
B W = ATEAR I T B R SRR I 8] (O RAE S e /N B R B S I I 5 5 S5 A5 I TR R R
MR BN T BERA MR . Bk B T30 [30].

GX 339—4 BRARHIAE X S R IEAE i SRR A S5 I TR KA Z R R (B 7), RWTE P
AEIZ 2 i) e 5 B A P REAAER A T iR 2 AU A A7 AE MR B B (0 PR APAE ORI R BARIX MR
RHJERIPLE B ANEATE R . H R 2 H-S ERIT 6 BE S # 7S 6 BE 5% 2 LU AN
dL/dt fI5<ER (JLIE 2 FE 4), BiHIE X G2 i E L RERR K IS EDE R IEAT S, Al X
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SR G I IR IE AR 56 o X LA S 0 R, TR B B84 b R AR Az / DR 2 T B TR A
TR B R AR, (R IX AN R W TR ST, SRS BRI I R R
TSRS AR, DR H-S FEKIEE.

4.2 BRE X SENELNENHERPIERIEELE

AT B0 AT 45 B ehr, T DAHEUAR O P VA0 B 5 %0 0 2 WA B R R R A A
BRI, BARWEAAL T B TovE B B, (E 2 R AR A8 47 10 0 K 2 1R WUV 75 Ol
FR RS BRS¢ T 0308 0 399 F) K 4 T DR s 75 B R ST o ZE R PR, TR AL AR 1) R
STEPEREAESEBOBER T, BIOUREIE K, WA A B R A
Ko Wu 2 FIFI RXTE 4R M0 BLE & sOWIISOR I & T 25 AME R X ST 0
S IR B 2 MR R HIAE 3~200 ke'V BE BV Bl P BRIV (D61, 483 T -V ARy VB 06 BE AN 3 S
W FR (LE 8).

I 8 o, AR RBE ROV, B B YR (Lpear/ Lraa) B . BKHIE
JARIAL (GRS 1915+105) IR AR R ICREBAE B T HRIR, T A IFEA RO LA
o JR RV CE 5 H0TE P 56 RAEXT B — XP 3B b R A R e 3, R T HESL
BRI 2~4 h AAFAE— w2

2 9
100+ 4 A 14
8 o i ¢ :
i g P | i 6
A o H ot i
e ¥ m l 7! a: IGR J00291+5934
1071 ) ! h A b: EXO 0748-676
E /ﬁ : | ’ c: XTE J0929-314
- :lc fbl : | B d: 4U 1608-52
= I: K Lo v e: MXB 1659-298
g i n lai | f: XTE J1710-281
% v c g: 1A 1744-361
: | 1:XTE J1118+480| h: GRS 1747-312
102 i 2:GS 1354-64 | i: XTE J1751-305
s 3:4U 1543-47 j: XTE J1807-294
4: XTE J1550-564 | k: SAX J1808.4-3658
5: XTE J1650-500 | I: XTE J1814-338
1 6: GRO J1655-40 | m: GS 1826-238
H 7:4U1659-487 | n: HETE J1900.1-2455
8: XTE J1859+226| 0: 4U 1908+005
9: GRS 1915+105 | p: XTE J2123-058
10732 : . L
10° 10! 10? 103

P _/h

orb

B8 EROBMERE (3~200 keV) SHEABIHRECR . BRI b RS9 TR F R, %
GERT BTG, BEFR T AR B EREE TR, WUk U I R AN 1

B2, BTG RRYEMRE X SR T BE LR IE I ES
PUE IS o IXSCRF TR R U ELG BE AR 2 1 MR BB 57 B 2 R AP AE AR S PR AR
VE IO DRk R U A7 R A MR A S R T A K/ S5 T R
1 R Ve B ' BE 5 B TE A 9 14 AR S48 7 R AR A ST X M A P R K R SR _E X i
X N EXE G IIR N ERTT R OL R, R ERIRBE ST Lyca/Loaa 5 Por, FFFEIEAM
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%™, HEE X SHEIUR R H-S AIKITHEE . RS ARSI AR ™ )
PR AR A ] p e AR R B BB

5 RS

Yu A "% FIA RXTE/ASM Fl Swift/BAT K #6454, REHIR T
B X SN E T (BEFLEMEIE) SKTIE, K H-S SRIT K EKILE
(15~50 keV) FIBH 5 FIBSIEEIEE (2~12 keV ) HIRFHIIEMIER, M HIEM H-S A8k
T MRE R OE R B AR P IEA KRR, KR MR RREEHEH =N (WE 2 F1E
6)e XAMMIET Yu 2“7 ZEBANE D RILS I K R, T HLIE R I BLVE A 3 405
MR RIFERIFHIR K R . BRI MR KRR IFEIMAEEAEE, HEAREENT . &
56, WEIE 1) H-S AT 6 IR K25 B i B A BT 2 A R B ARSI G R 1, T
AR R PR AR A 48U (BL inside-out BYF outside-in FRAK) . 1XLE45 FR R T WA
KRB HALK S H ke TRKE, MXANMSHERMIERSEREGRAR, o dM/dt.
MH, GX 339—4FfE X 528U B AR TR FRAE S OR R UL, i X &R IBE D IE
TR B R, KRR AR A/ NIRRT 46 i IR AR 25 5 B B e 1Y) LR,
XFAMH IR REBEA LE = 6 B b BT RN S, X RS T R a3 B Rvr
IR AT RS, FURIEWATER N I X S XU Pl 2. ¥ K 2, BR%
RS AT LA B 5 S G RE o BT DL SR IRATA v REAETRI A X S S XUR B S iR A&, Wil
B RS

S —75T Yan 2N " FIF RXTE/ASM (K678 fh 2 W1 50 7 100 Py X 528 U B 3
B R, RIVBERI e-folding LFITARZ R 4.57550 do HIFHE R AL — L8572 X S TF
(ultra-luminous X-ray sources, ULXs) H1[#)_FEF-ELE T FERAR R EIX N RN & EHIH -+
& NGC 1365 X-1, 3T Chandra/ACIS HI—RFIMN ™, KBV KT BERFRR 3 do EH
0L IR R X SR BRI ETHIFR BN T R RRIbR ©, S NGC 1365 X-115
i, B EARARENT 3 do 55— 72 M101 F R X H&E, ©8
R e-folding EFFRAR KL R 1~2 4™ BH —AMI T M82 i — AN e X ST 5
X41.4+60"", RXTE/PCA K632 £k Bon e IR e-folding - FHAT R FEISARZIH 3 d, 1M
TP IE R TR B R AR H-S SERIE B MIEENES dL/dt FIMHRRR, Tl
W B IXFEAE AR S DTS A&, — 2 ULXs R KHPIERBM RS, thin Ms2 F1[)
X41.4+60 FIEE B 62 4”7 ™, NGC 5408 X-1 FBLE AR 115 47, MHREN X
S 2 OUR 1) B K R B B B /& GRS 19154-105 1 35 d, 45 &2 Bi g H 45 REVE R &= X 5
£ U2 8 BV P 2 VA R 6 S T PR TR G R ) R A X S U T LA T K
IE R, T DU SR E BRI = AR B G RE B AR A/ IR EATTRAT A B RIX
S KLIE I ULX —30 Yan A ™" BF5045 RS — AT TR THESE, Ik —Lt
5T X T IRIRA AT Re 1 B iR R BURE RAK, B DA R N X S 2 R B S A A
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R VP DLAAEARIE SR AR S XA SRR DO B SROGAE AR 2 R M1 PR
— MU X SRR B AT X U ™ ITESE T Yan SN ™ Z g
FOAAR
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Hard-to-soft State Transition Dominated by

Non-stationary Accretion

YAN Zhen

(Key Laboratory for Research in Galazies and Cosmology, Shanghai Astronomical Observatory, Chinese
Academy of Sciences, Shanghai 200030, China)

Abstract: Different states of X-ray binaries are defined according to some observational
features such as X-ray spectra and timing variabilities. The theory based on the stationary
accretion was used to explain different states and state transitions, but there is a gap between
the theories and observations. Some new studies show that non-stationary accretion deter-
mined the luminosity of the hard-to-soft state transition. A positive correlation between
the luminosity of the hard-to-soft state transition and the peak luminosity of the following
soft state was found in some X-ray binaries, and then a statistical study about the sate
transition luminosity showed that transient and persistent X-ray binaries follow the same
positive correlation. Another positive correlation between the luminosity of the hard-to-soft

state transition and the rate-of-increase of luminosity was found. These two empirical cor-
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relations suggest that the hard-to-soft state transition is dominated by the non-stationary
accretion which is characterized by the rate of increase of the mass accretion rate. There
is a unique correlation between the peak flux in the hard X-ray and the outburst waiting
time in GX 339—4, implying that the peak flux in the hard X-ray is determined by the mass
accumulated before the outburst. On the other hand the statistical study about the peak
luminosity of outbursts in LMXB transients showed that the peak luminosities of outbursts
positively correlate with the orbital periods, which also supports that the peak luminosity
is determined by the disk mass. These results suggest that the non-stationary accretion in

outbursts/flares is set up by the initial condition — disk mass.

Key words: accretion disks; black hole; X-ray binaries



