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Abstract: As the B50-C6 Balloon launched from Kagosima Space
Center on Aug. 23, 1988 and was flying across the East China Sea,
we observed Cyg X-1 in low state. A narrow and a wide Nal (Tl)
phoswitch detector system with field of view of 4° x15° and 8°
x15° in FWHM, are installed on the slant angle of 4° and 5° from
zenith. The effective areas are 110cm? and 115 cm?.

The energy spectrum in 30~80 keV is obtained from both detec-
tors with 2100s data. It is fitted with single power law model and
thermal model. Either model gives acceptable fits. The spectrum is
well fitted by single power law model with the index of 1.87 £0.10.
It is consistent with the expected spectrum from HEAO 3. The soft
X-ray flux of Cyg X-1 seems to have been normal low. Fathermore,
our results show that Cyg X-1 exhibits the low flux in the hard
X-ray regions.
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19884 8 23 Fic A tka] bk KR o — & L TREARTHE v 4 —
D OIERE 1172 BS0-C6 ISR B2 L, o> F 51388 H24 AR
HEA TR E s, 2 O], KIED S 4° & 5° OHE A F - TH#E
A= 250 Nal (T1) phoswitch & 1181 & 0 Cyg X-1 OB % 1T -
fo. TRENORHIZ 3R AT 110em® & 115em’® 2§55, #%F
FHAEIE T 4°X15° & 8°X15° TH 5.

12,100 D 57— 5515 5 17 30~80keV @ energy spectrum I3
HEAO 3 S1987THEDFKIZEIMI L 72 spectrum & X { —E L TW3, F71,
single power law model, thermal model & $iIC#E A L TH D, single
power law model @ index (2 1.87+0.10T& %. |5 CWHICEA S Nk
X B TS OE flux TH -7 & &0, BIFEO Cyg X-1 0
flux (FEREE X BREHIEL & BIEMD oo E WA B,

. I C&IC

Cyg X-1 ® X o8 OBRZAENE, L WAB &, LHEPHICD 2 584 12 time-scale %
FIoTWAILETHRHBEOT oS, ZOREHATRIAM I oM I VIcEThATS
DI[12 38,45, 3V HWOEHIL Cyg X-1 5 black-hole DR TH 5 &I 2BHUDO—> &
- TWwBI[I].

AN S ZEE & L Tid, Cyg X-113FK HDE 226868 L@ 2% LTHED, 5.6 HDOL
ORI S X BB O/NSRE(ES A S0 5, BIERSATOHRWE]., o sk
D, HEAOD inclination I AKE V& FHEIN TV S,

F 72, absorption dip bEHIE N TV S[7,8]. T o3V OHI %R\ T binary phase
0DfhETHRENT VWS I &b, HEZROEHLIEFE ST onETVOHSIATL
5 [7].

WEOERAITE, 3EAED low state TH D, TDIRAEIL Cyg X-1 O ‘normal’ 75 IKAE
ThHiHEEZONTOVS, 0, low state l2d b Cyg X-1 B+ H» o8 r Bicbhiz-T
high state icZ b4 5. & 51, low 75 high ~OEB LHHMshTWBI[9, 10]. —H,
high state Tit, €@ flux 4%, low state @ flux LB LT, WX R (1~10keV) T
BRI L, B X BREEK (10~100keV) THEBICDLEDT 2 L THEST LR T
W3, F7, BECENESNE Cyg X-1 DT 2 IF— « 2227 b b id power-law 12 &  —
BLTHEY, £OMX IR X LHEETIE high state 25 low state KD EEBICTL > TV 3,
Lo L, BF X AR T Il state & b, ZOMEZIZEFRULES >TOBI1],

1979 D FKic HEAO 3 1%, Cyg X-1 O X #RAHEK THE D low state d flux & HEE L T
factor T 2.T{EW flux 28I L /2. Z D%, B X BRI O flux R4 ICEM L4013 & T,
X-ray Monitor (ASM) T & 28K X $RFHELO BRI TIE, @EHE D low state D flux ZHEHF L
T, TO& D AR X SREER TEV flux KRS N D RBIBDTTH - 1212, 13].

B, AdItfESBERERO—B & L1988 8 H ol X SRHEER I B W T Cyg X-1 O #l
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2. BAX R

TV rFSOLENEE 1IN @) IIRYT. ZoT Y F5o R, PEMO SV -FIIK kD
e S hic bochEM oKL, HeGEEEsErBEIhTw5b. 0 MIcdsE
BNy 7 = NSZMREBKRIMENTVLS, BA2D2H50KRIBGEITEMT Y F70
AIECELCD fHiF ST w B, Narrow g EFIEN 5 Cyg X-1 2 HPNICEIT 214813,
TV FSOREPS L HFOLNTED, b5 —HidCyg X-1 &M =BEEHT THMUT 5
oz Wide B gs E/EEH, TOMEILS Th 5.

Narrow B HI 22O A% 1 KicRkd. 21x19x40 (BA7 ; em) & 3 vo¥y b,
5inch Nal (T1) phoswitch ¥, &EBE, WRETSHAAINTED, HBERITANT
T IBIT 1 BOERIK 20kgW TH 5.
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SNTHERA T Y FsRICREI N

2.1 X gz

Nal (T1) Phoswitch 228 2K (@) c/rd. T OKHIZIE, B Sinch E& 3mm
® Nal (T1) scintilater, fiEBh ARSI 2BRET 272 DR UEHE TE S 25mm O plastic
scintilater, [Eff 5inch O Y& FEEE D SRR, FhZ ORI —IKLd 5«
BHicv ) a viESREIhTWS, RSO AREER thommid, HBRRES O 8%
/D& % 1212 magnetic shield M TEbONTWS, S Sz oA, A SART S

7 AAAATAAAAA,
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oSinch P.M.
25mmt plastic scint

3mmt Nal (TD) scint.

Magnetic shield J Collimator
2.5mmtSn A N
1mmwb //’ =T ZZ
ll
=8
\ ~
¥ 2K (@ S5inch Nal (T1) phoswitch BHi# F2XRb ayxr—%

BEHRZ BRI 272 DE S 1.0mm O, MTRAETZ2REDSERINT 3D IES
2.0mm DRAXTHEOLNTWAS,

REZESDOASHICIE, F2RDIRENTVAKTIRELIza) A - hBhLI TV 3,
ENSRES Imm DY) YEHTESNTE D, HEF IFEEIE TR XFEIL, 15°X4° &
15°X8° TH b, ZhZhid, Narrow iHids, Wide RHHBICEBEB I LTV, &4 DK
HEZs DR AFE IR 109.7cm?, 115.0cm® T 5.

21 HK 24—

HK 7= %2185 icfit 11HO HK € v 4 — 25V s,

£9, TVFIOEEEMB DI PRESKHER 28 (KER, SER), &5icmdni
EMEEE RS L DICEESHE PO T snTws, £/, I F 50 hMAHFEOMR
B A B i, HIREEKEE (GA) 2y —dhEfl= Y FS It sht. 28
ORH#RICE, The G ESEBERT =7 -2, dEAz Y FsRNIcBLN TV EE
SUnlEg & Narrow #HESNIC B ASED fHF ST 5.

BOF— MBI, KOS T — 9 BB BESRESL, GA £ v % —, Narrow B
SR EEEH DT — 21396 3 VRMEIC, ZOMOHK F—4&h v & —IEEL, 768
LML AFhTHE ik S h T a

3. F—ouig
3.1 AE[EER
XBRRHZR THRAE L 2K event IZOWVWT, RD 6 OB EIA 112,
(1) &N 2DEEE (Pulse Height)
(2) B Z2DNH EH DL (Rise Time)
)
)

)

(8) 7 L — L DBBERID S5 -1, S RAFET B F TOER (Pulse Time)
(4) 20~80keV D= x W F — M T E2EEME S, 1 7L —adiD L 2 DBEK

(Total Pulse Counts)
6) 5 BTSNl 7 v — oo X OBE (X-Ray Counts)
6) 17Lv—atho U. L. DABZ 2 9v 208 (U. L. D Counts)
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X SRS TRA L 7050 RIZE R O IR EIRER ICA 5. BB s 213 4 R
24y, Pulse Height, Rise Time, Upper Level Discrimination (ULD), Lower Level
Discrimination (LLD) DO&{ESUERAITIED B.

ULD TRFESNIMBEIO GV EESEO NV ABASLIcE &, LLD TREES
NIAEE O SBEVEEEO SV ADBATILIcEEIC, E50BRAETEIEIICHE->TWVWS,
ULD T3 80keV @, LLD Tid 20keV @ X FRICH M4 2 EHICEES LTV S, anti-
ULDE5 & anti-LLD (55 OmBEE L - 1255, WDF—2ELTAHAY Y &3,
F 71, TD{E5 3 Pulse Height JLEER & Rise Time MLEEART Gate{fE 5 & L THEHLN 5.
ULD 25 DE5E 6) DF—5 &85,

Pulse Height Sl T3 Linear Gate THA|X 172 20~80keV D = 2 V¥ —HiHIZ H 5
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Tablel 7Vv—4 74—=y b

Dis Dw Dizs D Dy Diw Dg Dy D Ds¢ Ds Dy D3 Dy D Do
Wo 6 0 0 0 1 0 0 0 1 1 0 | 0 1 1 1
Wi FRAME COUNTER LSB
W: | MSB H. K. ’ MSB FRAME COUNTER
W3 | 0 0] FLAG | MSB N. TIME, MSB N. PULSE HEIGHT,
Wse | 0 1 | FLAG | MSB N. TIME:; MSB N. PULSE HEIGHT;
Ws | FLAG | MSB N. RISE TIME, ‘ FLAG | MSB N. RISE TIME,
We | 1 0 | FLAG | MSB W. TIME; MSB W. PULSE HEIGHT,
Wr |1 1 | FLAG | MSB W. TIME, MSB W. PULSE HEIGHT,
Ws | FLAG  MSB W. RISE TIME, IFLAG MSB W. RISE TIME,
Wy | N.X-RAY COUNT N. TOTAL COUNT N. ULD COUNT
Wi | W.X-RAY COUNT W. TOTAL COUNT W.ULD COUNT
Wil 1 hE SCALER 3 HE SCALER 2 fE SCALER 1

Rise Time LB RE, a3 v RF v b 7527 va v FREE->THED, Time to Am-
plitude Converter (TAC) 2k 0, {35 ® Rise time 2 SHIcZHT 2. F 3K b 11,
Rise Time RO 70w /K THE. ¢, ANMESHL S, ZORKEESMED 10% &
90% DR EFEEZ SO 2MHDETHEO NS, BIESNAANESEIIAS2HOEEAS
ZIL LT, ZOWEEMEDSBARBESED 10% 1278 - #2 & X% start &+, 909% I
BofclZFiTstop €S, TDXICLTHAIENIZATESDLE LA R, TAC
IS XD BEEIC RS Nk, Pulse Height MUBERO(E 5 LAk Ickb R QD57 — 4 & 12
5. %7z, Rise Tlme MBEZATIL, Rise Time Discrimination (RTD) MZEXNTHD,
RTD TS N/ E5 L W) OG5 L ORERE L 12550, GoF—sELThy v
FENB.

3.2 F—SHK

MBS c7—si@d7 v —alfARNic ko Fic®kiZ&8 N 3. Table 1 i< frame for-
mat =759, 1frame 3 12 words 2> 5759 1 word 13 16 bits Td 5. word 0 (L, frame @
Feii% /R word THFED I — F & 5> TW3B, word 1 ® 16bits &, word 2 ® F{z8
bits @it 24 bits i frame counter TH VD, XEEN 3 frame DL EHSbLTVWE,
Higsh 5D 7 — % (3, Pulse Height 7bits, Rise Time 7 bits, Pulse Time 7 bits, X-ray
counts o bits, Total pulse counts 5bits, ULD counts 6 bits @ bit ¥» 57 3. HK 57—
71 8bits TH 5. F7, word 11 (ZHEAIF— % D back up icfHHL TV S, 12 3 1
T 1frame ZXEL TV 5,

4. & p: [
H KRN <ER (B50-C6) 13, 1988%F 8 H23H 188574y (JST) <R BEIFIBERN S
HETE O BERS N, 45 300m O#E T LA LT 21853053 1< N2 ilBTPE 5 80km g I 28,
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(€) Narrow 23 & MK ICH D {43 S h ol T 5. C OIRBEFRIBICBVT,
NI = ROFBEREECEHEST 2 EBREF R ML OEREIN TV S,
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100 ,

Narrow

Counts,/min
o
k=)

Channel
(c) MFZFOFELREDLY
35ch LD & — 7 i@k f @, 80ch fEOE~7 13 X oD
5 THO, FrC)DREROILSH Cygx-1 DS TH 5.
B oo

Table 2 Rise Time DY — 7 HED Fitting /¥5 * — %

Intensity Position Haif-Width
ON peak 1 63.9 37.6 3.04
peak 2 22.2 81.1 9.09
OFF peak 1 09.4 317.5 3.36
peak 2 15.1 83.1 9.82

BRI BWT, chfHEDE -2 B 752 F w27 vV FL—4ICXBHENTROYTHD,
80ch ffilrd =2 Nal (T1) ¥ FL—4noD XKD TH 5.

BB icBWT, fEBA TS A KT E— 2 3 on-mode, off-mode & bk < —F LT
B (=454 HHE 32), i mode DEIAIHICHIERRICEAMBEZE TVR W & %25
LTWa, Lichi->7T, RRHD X D Background W EHHTHE EVWIRED & &2,
X BREATIZ B 1 % on-mode @ excess (38 8 [X] (¢) DRHRIERSY) 55 Cyg X-1 5 5 D X HE 4
KHMLTVEEWVZ B,

DEI, ThEhOE— s Bo—L Yy Y4 2L Tw3 EREL T, Davidon-Fletcher-
Powell (DFP) #[14] it &0 CONRICHRBEIEIEIE /N5 A — 9 A HE L 1. DR %
Table 2ickd. THODEMISHBONEINHMLELSK (@), b) OEHETH S, BOEEHN X
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WERLZBWA, ThRBE— I PHELERTo - LY YEEZLTORVWIHTHS L
ZZoh b,

F 8 () TIE50 % ch 720 H» 5 on-mode, off-mode DAHICENHIILDTVWE, £
TG, 55ch T Discrimination 2\Wh 3 Z Ltk b XERERDEB O H L7z, ek N5
A= %Doh->THETAE, TDE X on-mode TIRELDH L2511 1.7% D faj Bk
B EEn, TD XS D 4.4% kbl i b, off- mode THEENEN 2.1%
L28% ThHABA. T Wide ®Biti# Tld, on-mode Ti30.78% & 5.2%, off-mode T
0.95% & 4.0% Tdh 5.

52 ITRIFE— ART M

Rise Time Discrimination ZF|H U T HRiEERL Fi% 45 % Br % L 72 on-mode %7 30 43, off-
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L— % ORISR, RUaYA—%« LRy ZEEEBL TRV ONEL, KRELETOT X
WFE— 27 r VEFIXITRT.

Bohi 22 b ic Power law model & Thermal model % fit S ¥/ & ZDK /NS
A — & DfEiA Table 3TH 5. YPOMRIAEFNESHFAI L LEPHTDH 5. Power law
model » 585N 527 M NVAEBRTEIKITRT.

ASEE SN2 <2 L&, HEAO 3 D 19TIERKICEII L e L S D 2~ + v [I3] %, B/
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Table3 T xILF-—

A7 b D Fitting YT A — %

&R B30T

model parameter This exp.
Power Law

AE™7 A 2.25+0.62
7 1.87%0.10

xv(v="1) 0.27

Thermal
‘i%'exp (~5§§§> A 0.145%0.017

RT(keV) 82.1+17.2

X2 v (v =1 0.40

FE—HL TV A,

19THERK I BE X BREAUIE TIE flux TH - 708, TDE X Ariel V OBl & 5 &8 X #1480
BToEflux THo7/e, SHIOBHIOFI®RICET S TEAHN] OBREERED, WX
AEIC BT 5 Cyg X-1 O X R EW T & bbb - TW3B (private communication).
Cyg X-1&, W-7cA high state ic# 5 EEOERBILIEZ DREDSEE L T &BE2 VD TH
DEHIP SR X MK TE flux Th - EEA OIS, j-T, FIFROBIRITIES 2 H
SERIOERIF Cyg X-1 1%, 19794FFRK & EIMRICER X SRAEER, 18 X SRAER & &K flux Tdh - 72
EWZ 5,

—77, Ling #I2 1983 DO RAT D/ X T, T OX LRFAER, T X AR & & 1& flux T
H-oTeD%, HEKD high state, low state 124 % H L WIKAE —super low state — & I
ATZ[12] 73, BDIBTEDH XTI, T OH L WIREEIE flux 2> 5 low state O level ic
ERTIRETHL —oDMETEIN level E LTOHGHBHRUTE WV E S h o7& L
TW3[13].

-T, COTEELVHOHITT E0ICR, RXELSBXRicbk3E0L 2
F — I TRYIF OIS S E I 5.

B} F3
RIKERICH 72D, FHEYHEFROANITEE ORI I AZ BT F L, &K
HoBEEELT T

& £ X ®
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