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Abstract: Gamma-ray Burst Detector System (GBD) on board
the scientific satellite ‘GINGA’ which was launched on Feb. 5,
1987, was realized as an international cooperation between ISAS
and LANL. It has recorded more than 40 Gamma-Ray Burst
candidates during 20 months observation.

Although many observational evidences were accumulated in
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past 20 years after the discovery of gamma-ray burst by LANL
scientists, there are not enough evidence to determine the origin
and the production mechanism of the gamma-ray burst.

GBD consists of a proportional counter and a Nal scintillation
counter so that it became possible to observe energy spectrum of
the gamma-ray burst with high energy resolution over wide
range of energy (1.5-380keV) together with high time resolution.
As the result of observation, the following facts are obtained .
(1) A large fraction of observed gamma-ray bursts has a long
X-ray tail after the harder part of gamma-ray emission has
terminated. (2) Clear spectral absorption features with har-
monic in energy was observed in some of the energy spectrum of
gamma-ray bursts. These evidences support the hypothesis that
the strongly magnetized neutron star is the origin of gamma-ray
burst.

Key Words ; Gamma-ray bursts, Cyclotron absorption, Neutron
stars, Strong magnetic field.
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BD, HoeEA— 2 L OREE L TIREOES R OPRTREEE 2R SRV AR
HELTWAB,

(b) V7 X

F?AﬁjTﬁﬂéntﬁyvﬁﬂ—xb@W@%*ﬁmomf,ﬁyvﬁﬁ&@%%
(£17 100 keV DLE) B2 DEE 2K boTedH £, XFEDOT L U F —4EE (10 keV 2ATF) T
27 D EVEEESSHEL Twa, COEFEZEC [B<bx5] DXIBAE VY
4 POATHEECTHRESN, MonTwiz[10]. Lo LBRAIBREY Y4 7O ATHE
ThHBEHIHE VERETF— I BEBLRTES T, A7 PO EERT S L I3H
Linotz, M1z (A TBESh 2 204 v < v —A b OFI(GB 870303,
GB 870414) 254, = OB TR > < HAAR O F OEE 2L T L 7o iz X RS

T 50-100 812 btz o Tk L TEHMBBHI s e, 522 TS/NO—ERL
GB 870303 OB OV TIERIIZ AR PV ESMTL TAS, N—A b EERLT o RO
BOBO 16 BFOOKBIZST (A-G), ZAFRIZDVTARY PRI LIRRDY
M12 Chs. ELIREFLCOREREOHELRT, 7 <N —A  OBREHITR
FOANT FAHRERA L Ebn BB TIRR L, By rornrBrupbnd
ﬁkioﬁw_t,it%@ﬁ/vﬁn—xr®ﬁ&¢ﬁm3f@%@X&7bwﬁ%w
AL LTHESIT 2 2 L KD, b AAMEINRREL TR D20, RAICK
BB EICIDT 4 VT 4> TS BRSSO ET L EHRT 5 Z L IRHERT .
U LEAENOEF VAR ANSND & 25 % TRITBEA LD 2 OBRIBISH]D
T Thb. BEEEOBE, BHENECHSNTVEROICARY FVOELSRED
bOTEOY A A2HHT 2 EHnERE, REIOHREITATON Y Iy —A b
CELNB EES0TIERL, S/NOHEIELH2 I BIZIFERO DDA IOKRL X
MOBBR SIS,

# 4 Fitting results

‘ Model
Position Thermal Bremss. Thermal cyclotron Blackbody
\ T(keV)  (dof) | E. (keV)  (dof) | T (keV)  (dof)
A l 606 7.3(14) 1 4.7(14)
B \ 201 11.2(14) 3.3 5.3(14) ‘
C ‘ 145 16.8(14) 2.4 1 .5(14
D \ 83 28.9(14) 0.8 31.2(14)
E 36 13.1(14) 0.6 12.3(14)
F ’ 11 24.6(14) 0.3 22.5(14) 1.6 24.6(14)
G | 5.5 2.5(6) | 0.15 2.7(6) 1.2 3.3(6)

Ec=11.6 Bi2 (kT/mc?) *keV
A~G (X121 L 7z B &2 o IR
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TWnw3,
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b, BEMEERKE nEE2HD, FAONBEEOBREIELIBETHS. ZOITR
WE—=L =L ZATRBINOBHEBENEFEICKRELS KD, AT MV IIEERIES.
INEHNZHFEN—=X D 20keV DEREEICH TIEDH S & 1.7-10% 47 A DRES X
o3 5[ 25 1.

ASKEFORIN E T 5 ETNVIE, EOBEOHTEERETFVLERL, ZORFDOHa
RLaDVNVBBLBELEEZLZLDTH S, $hrEZ DS HEHN BN ET
FEThrZlr, BHZANF IR VLR BRAERE OBBOEI Lo HT 2 e
HEZ2HO5THS, BRRIZLAWBE ANV F - L VOBFEER 17T R H[ 26], &
BHZEb» RO OFHEEXH 2, Lorb He® Lo lEEOBELEFIECR>AR
v, BELHIZ, $ERNOMEE T2 E, EFLTIE GB880205 IR S5 20keV %
Ka £327:02134-10° 7 ADBBHBLELERL 2L THS, 10U TR )LD
WSHP LB %5 Z E I3BE VY —DOEBEROKREER L BEOBILORE S » o Ern 5
BRI AV AUT THI2E KT 2L, COETFTLVTCREENAEVL L%
RLTWB[ 27 ],

FIREEN 4 108 T ARBT LS T 2 ESL VY BT RS HEERAL TE
BB TEBEFICELRL T, 1 MeV U EDXTFBE»SHTL 2FnHEREH[ 28] 3]
RICBBAERL O VBN — A FDAXRT MVIEINERDRE 5 1 MeV DLETHH;
WCEALDEL, 10MeViIEL £ T, FBALEDNN—A M TEITWBE I ELHSNLT VS
[29]. LIei o THEFNVZIZIZHRR I N L E 22, BEHer X- 1 2RF LT 2 X
WTRZEDARY PNEELZRAT 2D Z08%ET VITHER I N, X8 SV —n/3
WABET R HEAT 2 72D I3EEBT TOY A 70 b u v BRESLETH S LEHINT
wa[20].

XBMTOBREEEERY, [EADNITEHB SNV FNN—R b TORYLERIZV A
7a b VBRBOERFKIZE LS THEEOBRELELVIIBRIEN TR I ETHS.
NI XBEOBRH TCRHIINTHEWI LT, ZOBKEOBFLEHICERTE 3011
Vo470 b BREROTEELY, HELORD SN BHBOMKIZIFIZ(1-4) « 10
HIAT, ZHF1MeV LLEDA > BBFEET 2 2 LB IV —TOREOHE
BLRIFBEBLZ, O ELON Y VHEN—RA DOREREKIZBOHE L HEOHEFE
Thb EftmtR s,

ZIZTRoNTBRIGROED & hFHEFEDORIE .2 Y 4 R— VG L LB, W DohD
HIBREZEL Z LKL, LA NN— R NBFOEERSTD AR MR TREIC
BEOEVWHDTHSE LTiE, (kT~350keV), TIGIZ K v 77 —FRTED S 1,
BREBHLY, ZOX5CE->ED LHEEERT 72 O BRIEEERIZ 24 D IRE DR
LIATRINERS KN, Ry 75 —51Ri13 SE/E=QkT/mc)"?cos § Th3, 22T
QIR EBR T RO THETH L, BED LIRS 0=45° DFEITRDTH L &, K
10keV BEOERHEE L 22, £/ ZOBRIBROBDOLEL Y 2HBOREDE(LLL, th
HFEOIA R—NVEFEOENIC LB bDEET 5L, BAPEIREBENETL 2, ¥
4 K= VBB B~R>® TENTBDT, SE/E=—30R/R »>E X D& 1 km &
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ERNHFHEE L SH T 2BREFICERT 2 L EXL2D0088RTH S, BEEX BN —
APTIHIDEI BROBFHA 7y —VORGESICL 25 FBRONTEBY, ZHRIIEE
FICBEOWE ZATRELTBD NN PRIZHHTL T b eHIBaNTWB[ 21 ],
BEL A BN A DT ANF —DFRE L TEEKIGEE RET 505, R0IZ
bE L OREELH 5,

BERIGD X 5 28 o i BEME BB I N TR HBE T < F v —R b
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hUHFEO LCYESEET S 2L iCED, REDERESEF L TXReBET 2, &
MFEORBEIEE T sHEEL A, BEL T, KER0o 0L D L35 &, HERIZE
&35 SEHERDZD OXFHEIE

@4-774np?[£f?2nuaﬁo/<c«expan4k1»-1»

THb. E1l, E2xLT1keV & 10keV # &1, BHls 7 LFRE 2 cts/sec 2 & 5 &,
Ezen A, DCHLT T K2, BEWEOEYX M L35k

oT*A=GMM/R

YL, Hzeonk TEHLTM2KD2 2 enHRS, HELIZToRAT 7 7Y
ALY OEE, R, MZhMFEOFEBIVERETH S,

B #iE L U TR (A=3.2km? ¥ b TE2E (R=16km) D ZhZ L DHFEITD
WT M=14Mo & U CEELZHERIIM 18 IR L TH S, GB8II016 TRERD 7 7 v
7 AP Fo=10"*erg/cm?/sec TH D, RTOREE L ANV F—0D LR & L T Eddington
limit L:=10%erg/sec % £ % &, KEB%»5 O D O ER2

D=JLg/47F,~0.1 kpc

kx5,

B2 N— A N OBBERIGE T AN D DO ZEOBREFRICTROBEEL T
W3, IHREEENMEVEKRZE 7 Ty v a Bl E L WD THS, Hameury F[ 33 D
HEIC L2, #ORFIZ 10 *Me/km?/yr BE L SN T3, —FBEVEL:E-T
10 "Mo/km? FREE 22 2 L, BERIGH B Z D N—A M 2RET [ 33 ], 3= A MEFY
WWEMFOBBTRI 2 aNTWADT[ 1], BEERIZ 107 *Me/km?/yr AIFTOETH
5. M18%RA2LINSDORMECFE/LAVLE D REEBEFELEL TH305, 25 EEY
HIFTEEO FREX5 2 T 3ELIHENIELETRRETVOAE ZHGEET 5 HHF]
fer 2z L Bbhd, IS DOBEEIEFIC 1ERE, BERKICTIAVFEF—2HL Tw
BEYEZBELRIFELEZY, LHAL XBENN—A N EDBOHARIFTE 20,

BRICH B AN— A NDOREZHEOESEE b OFUFE L EZLHGEER IV —LD
BRIC OV T AN TE R, HY BN —2A NOENECHFRTFETH LB L —
RXBRICEEIN W E»S, YN —A bOFRICR2HHEFEF NS L35
DEENLFEFDEIFUTELEZZ2O0PERTHS 5. HEOHEFENZOBOES L
BWELDFECEEELSBHR VY- I EEELAsNTWE, /v —D/E
BLAHIP ED/8F X —% (B/10"% gauss)/(P/sec)? #3 0.1 2] % /L% —23FFE L 722 >
ZEpHISNTWA [ M]. BllsnA <~ N—Z2 ORI EN DX 8HD 1
Blidh 253, MICHHPICEBELE 252001 hw, [1]. 20X nBE»rEZD
i FET/OLY — O death line % 2 2 TR B 10% gauss #BT L2500, Fr=
BMAN—Z MO ER > T AAEEEDE V., ZOBEREERICHT 25 € v T IEEY
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BIL 28 @nEzON2[17]. o ~vBAN—RA NOEXIEEFED DL S HEECH
20 DI ECEBAEEC L ZRABLETH 3,
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%, N—AMRERZOBHEEFEO—FRFHATH S &t T, ZO%IE10-50 Fi1C 1 E
ETABHEOREDENLSFHEINLH 10 /p DT OFHFEREFBEL TlEwv
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