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(TP PIVE B
s @5\; 39), 40).
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HRETIVTIEH 205, FBROEHER, FHcH
2 VRS OREE RECHET 20T
Ho ¥ AR OMEE, HFaEEOE)
HEF LY, ultra-long GRB DAl TRk
BRI T, ZHUSATREL 720H 2 Wil E
B b [FRHICEIAC & 2 2 ¥ 3D 5 7. Ultra-
long GRB O H R € 7 v ic i § 2 Hiic 75 6%
REDE LN, FOEPICHLLUUTICET S &5
RO LNS.

34 BAEEHEORRICETZTE

AW ORISR, FHEEEER LR Y L7 ultra-
long GRBIZIZ, 22— >0 DG ildiHe L
T2 WEFTE R NBEL 5 2 2 e b o
7z. GRBIFMI< o Ny =y b THR
THDHDOT, HEEGMPY =y Ml o
B I IE GRBIGEII S U3, 13 E BRI i
T2 =V DEHH L CESTE LT
IN372A5 (K30). Lich->Tar— gt
TR ¢ U IoEDCEEEEHT R 21T 2 RNk
3. Kanrobh b 512, TO&I B@HE
fif < RERE 2 o — 3BT HRREE ¢ L. 2
1 F TR S e DT B 100 HFREE
fifiE, MmO & THEEL 22200

FER IO Twiw, ROk k2R 2
CRFERDBE s, BEOBRIKIRTO
HAXHENATW200 Ly, BIfEFE S
T2, A8 2 KERRILHEF 0 — <1 O
REPGING.

B S e DS EPETE 3, ultra-long GRBIC
NBEL7za s = b ORI 32005
213, BRERBIC L Ot E 27255, M
X Y = b 2SR Oz & 0 ok S
Nz e, FRICHS AL RS 20 RN ERTE
WED?, 2533, RONIHERTIAD
Vv Ml ZNT0idIcY ey F2LD
JEEEIEIUS R HE 2 b e e o e BIIE T D,

Ty FBERIBICT ORI EFNEIEZ S
EHTE 5. IO SR IAERPE < 13 B
TH2L{ 20T, ZHEZTIUEGRBTH -
rRleotEie s, ar— Y EKS 2EYE Y
DEZIC LY, FRROIFBANBOCHE © i 2 4 2
bLgw, 2085 RgNiar—rvozxov
FoOHBEH SO A TCHBEL 51055 Y,
3.5 FEFRIII GRB ADTE

FIRE 2K LIHERIITE G, B2/l
M & OB IEERNICHEE L T 3. — /5T,
BN Z DR Z R Z 2 1ICEBURE > Tk
V. HURPNICRKE R T H 2 RT3, D
nbhd bE BN FIHTHCHAEL e B R
bhd. Z01®, FRIIEFEICH ZEMOEE
BT 2 0RIEHICNEETH 2. FEKITE
B KRB E AT BASRIF O BHA 238 L TR 72
MEIHE 2 iESe, BRESREY b eI~ oMy
W2 HESH TBENTH 2. R GRBIZIE
HWIZHZWOT, BHEHBEPLOKETH 3.
23MiCHi T & 9, EEELoHEREHE Y
b3, MEIIESHFEEBERE Y LT 2K
ZAJHEMEAS R S N T 3. AL OREHRICH 2
\E, FEREIT GRB & HH 2 Wil E KD & - 72
ultra-long GRB ¥ L TEIHI S 12 nJReMEnid 5.
iE DR % & O GRBY R RE 10FEETH-
iU, T NHHERITERJECH 2 nJEEME 3
VW, ¥ D el b. RTRPE 10FEE TRAE
¥ % ultra-long GRB = #C LT 212, BT
RS AR TR © & 2 ATRETMRIZR . L L, BE
TERHE S T 2 BHNESER 2SB89 2 3 RPRIC

3, TRt IR H B e SR S T
W3 5),11), 16), 44)'

4. Ultra-long GRBDFHE %
B < S I EDERDER
Dbt~z 51, HaBEEoEE=E

O 3 B NE RIS Z L v,
WWHEEDANZIChLrDATLES.
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TR Z UL, ultra-long GRB D Flte) TRk
FeRef e, 2 AUCATRA L 72H 2 W TR R %
FEICHHATE 2. ZOEFVIE—RKNZIND
ekl Larl, ARMHEDHERICE -
TZOEFVERBHAN R CBHRS R S h
eDT, BEZ DETIVIIERICII- STV 3.

GRB 111209A (B L 72 B 2 BRI
27 MVRRTS DL, 2SR D & O
WThsd e WD THERSNIHY, 21T
Z O 2 WEBTE T3 SN 2011k ¥ 4401 6 1
fo. O RUIGRB 111209A 25 KE &= R D FEIC
o TRELIBRTH L 2T 20T
HY, FOHEEEETVEMLFIET 2L OTIE
v, — )T CHIWEEIR S T H B Al REME IR <
Tl

¥ ZADRBIED ZRZ R VHIZIZIKESR Y
U L DIHEE R RES RO N s r o7z, T
HHICIEBUE2KERIVE © b - L HOERE TR
72 <, AVE &K - 72 Wolf-Rayet 22 T & 2 AJRETE
PRMT 2. HOBEREE I VIIERICIICIN
BIrilieote. ZOBIIKIR L L 2R T
'3, “Known supernovae from blue supergiants
show hydrogen in their spectra--- (1) -+, incon-
sistent with our observations, thus ruling out a
blue supergiant progenitor.” ¥ & - 3 Y &m0 V)
T3, 27 ORREZI T, GRB 111209A
Y SN 2011k 5% 73 2 —E TV CHIATS 3 ¥
RT3 A& BN,

L2 LBt/ o nic 2~2 bovid ) A
ZADRIVI R, H2—HIIBIZT—%2L»
FoNTELT, TRRREIT Lo 72 v 3R
e, Flee 22— FNVTHEShZ 2V
¥, RS O =32 v ¥ —E58X107 erg
(XD LR CATREME D S 5. RiRIC, KHE
ANV LNEER RS KREEETH - T,

102-10" cm 3 ¥ O K S 21 5% % b D B2~ (b
L T IC ultra-long GRB % 2 2 3 Al EE 13
EBEZLNBODIEAI . S S 2B » L8
WEEROERT 2 Z e 2R T 2 088 H 2 &
A5, B S ERBEREE F I
LEIHMEIOF Y Y 2EH 200 LA,

E i
AREONHIFEE O LG O—EHIcHEI VT
BY:T. PERREZEL CEHORFEEIHI-
TLES o eI, FEAERIS, BRLARIC
RICIIHFESCEH LT 23, 7, BEERXO
HEETH I IAEKK, REFMIEH L
T, EEHEOME YR, sERE AR AR
WHIEE 78 & DN BRI A S A 4 0 B AT
INTOURERICIRVAABIHFICZD 2L
fo. COHEBMEY LAD THELHL LY &
T, R, AROREIC CHIL RS s EE
B K b T MRISELS, S ICATRME OB
BEHZ TS o 1L EKRERICEHL 2 7.
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Ultra-long Gamma-Ray Burst

Daisuke NAKAUCHI

Institute of Astronomy, Tohoku University, 6-3
Aoba, Sendai 980-8578, Japan

Abstract: GRBs are extremely violent explosions in the
Universe. Some bursts show the ultra-long durations
of the prompt y- and X-ray emission. They have 10-
100 times longer durations than normal GRBs, and
are called ultra-long GRBs. While a Wolf-Rayet star is
proposed as the progenitor of normal GRBs, this
model may be inapplicable to ultra-long GRBs. Some
authors, including us, propose a supergiant progenitor
model for them. We also show that the association of
ultra-long GRBs with luminous supernovae may be a
supporting evidence of the model. Here, I review the
results of our study.
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