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L AT 270 Kumar Al Zhang ™ 8485, RN R4 0.3 s, KR MR )2
30 5.~y B2 B 65 M 28 56 85 7T LA Norris B3 F(t) = Fyhe /=t —(t—t)/m ik, H;
1, R X SRR TR, X = o2/ R — AR T, FAE P R A 0 A 1 Ak X
SR RREIA—NE,: 7 Al m BAUESE, HH (rim)Y2 + b, 52 X ST R Hi
] £y to 2 X LRI A IR 1) 5 ¢ 2 AN SRR B 8 TRUA T B )™ W0 5%
28 5% 61 T DL Band 25 A\ R H G IS 200 B BGHE, 1 RB B IR AR SRR R, IS (E AL B
E RS HEHNIR" . Preece SN Giil T o SHEFOR IS5 BB H GRS ISR R, IqE Al
RIEG RS TS B A5, & PG BB AT TE 10 ~ 7000 keV, SR 250 keV; fIRAEIESG
B AIE —2 ~ 0, #MAER —1; ®EIEHEESME —4 ~ -1, #BAERE —2.2, Norris &
NTRI, oy SRR M TR B IS ZE T (spectral lag), fAEER IO ME I BV S T RS B
AR B, (L PR R 7E G A BN 5 R B P R E AL, RATDEVE B, R i
KRR . Fishman 28 N R B, TEALT RAGALFRT, ~ GTLR T 2 % 1 R P,
PRIk, ~ SRR RAZRAE TR A 8 ERAER, HPEDBEER 5 x 104 Js— 15,

G 2 T IR IR S e N AW IS, LT XS R A W S 0 ' 7 4 VG R e
T (initial steep decay). 221250 (shallow decay). FR#ERME I (normal decay) FTHE 1
PO EEE (late steep decay)™ o X SRR (X-ray flare) f& X SHRARET KIME, WK D
Fff 73

t,: 10* ~10° s

b3

t : 102 ~10% s t.: 10° ~10* s

b1 b2 A

e T —IV 2R X SHERRIEN 4 Rty 2, HIS N RS 58 -3, —0.5, —1.2, —2; V RoR X 4
MRt REERIERE [ SRR 1 BRI, oy R HRRRGERE 11 25ERGSRE I 53T, tes
R HEE R R 11 B0 e IV R4 Tl

1 X SHEEKERHIE X HEEL

EA AL,y SRR AR ER o0 5 R R S Ry SR BRI ES S X
R R AR G . 7E B8 BRI 8 SR X SR R kb i v, e i Ak 1
FEAEFARER, — RO i k™ ™, B R e Sy B aE AT . ik,
B X SRR, FATAT LT R 0 Bl AR I A R LRy S R SRR A B,
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Gy oy SHE R X SRR BT o SR BN T AN, TR y
SR BRI XS 2R A B 7T B A R

2y TR XS AR R UL AR

Swift & T ~ ST R 2P BT E:, T 2004 4F 11 H 20 H & 4. BAT (Burst
Alert Telescope) /&4 3K 7E Swift RIS, T REG IR HFPLdiefr v S22, HRE R
BJLASr. BAT FIFRIMALZIA ] 2.2 st, TRMBEBCA 15 ~ 350 keV, EARERELF] 3. XRT
(X-ray Telescope) IAIIZIER] 23.6°, FEBIN 0.3 ~ 10 keV, ENKEEILF] 5", XRT 7] LLE:
SRR~y B2 HE X LR AHE, WL AR SET (B T AN BAT fidk v S48 5 K4 L0311
i, Rk, ERE XRT a] DOV AR A ) X B 2R & . XRT nf LURHE X 528 M &
Hah Wi : /&£ WT (windowed timing) B, AT DO E0R 8 m 1048 5, iR
SN 1.8 x 1073 s; 7F PC (photon counting) faHr, AT LAXIIHH R RAR RS, B
RN 2.5 8. TEFEME, YU X HER/MERE I, PC B WT #x04 H
BHRES™ . FH XRT MR T LA R0 X 2%, Bk X 528 % v it
KM= AR

X HHERRE R v SR X R R N X SRR R R BRI T o 2R Bk
45 S AO5E B (WL ). Chincarini 25N FT B Fode /0747 % 11 A X GFR 08 R kb
FAIHEAT TG B& T R Norris BB A X SRR BBk b5 B 4N, Li 2 A" i %

Fo=k|(£) +(5) | wmaT xammmmmkien, b, £ X

1% tP
RIBR TR, ar A g 20 32 X SRR R Bk i) TR BORU R B B R 2 w o X O
LRI IR ()RR B[]

X G LR MR R I A L e EL I . BRATTHE X SRR R IR Sy S 2k B R 4
S EEX L, DR X B RS v L EE B RS 1AM, GRB 050502B 1 H
W T IE5 R mse i X SR A, % X G20 K ILLE BRI FE 5 )5 (1) 12 minZe 4. GRB
0505028 H I X S ZRHE e X SRR I 500 %, 11 H X SRR Bk E L X
B AR EIE T . O'Brien 22 N R I, W12 X SRR A (07 B 1T LK B R 45 5
WEMI RS, Margutti A X BRI TFHCE 5 T X SRR R IR, b
TEECH) X G RS B R AT Swift-XRT BIMLIEHE (2005—2010 4F, Swift-XRT LW
MR 44 4> v FEEFR X WM R, HABWEREN 0.3 ~ 6.3). M1, “F¥OLE (L) BE
FPEA SRR (L) = 10°45%0-14=2720.1 0 Hoeh, 30 < ¢ < 1000 s.

X2 MR R TT LATE A W48 S (0 4 0 I B e L 38, U B A AR e A I A R A T
SR B B U . b Ak, XS AR A B T AL 5 T DL SR A B X A 2
RNy BB R BLP TR FE. GRB 050607 X B A 2 4N X HELREA,
FCH IS [E]) 23 0 v 262 )5 135 s f1 310 s, FpEEmT[a] 4302 159 s 1 255 s, ‘EATH LT+
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2 Swift-XRT YUY v 5148 GRB 051117A &iE X SR L BTk

B TN BEA AR, RIAPGE F RIS TR reig 4. X 2 A X SRR
ORI R A I X SRR, DR B X BRI R,
WERWIAS R, S th L X SR R A TR ML X R, Hos ikt ™, ATl
Swift-XRT %} GRB 050822 HINIM &I, (EBFRES 5 3 X ST A, 20 B HBLE + 5
L RJ5 130s, 235 s, 420 5. X FR— X FE# A, EMEESREIEMAX, WE B R,
Butler il Kocevski' R, 75 X 5200 A W1, 6 AT & I I 5 f0 18 I i 84 e X 55
LR U S AR R, BB X SRR G I AL %R . Bernardini 25 A B
TR (¢t > 1000 s) X FLBERMF, JEXTIL 7R (t < 1000 s) X SRR IIM R, fh
VIR, W X 2R R 5 5 X 20 R BA AL w-t, KB Laecay-trise K FR (tdecay
FT tyise 23 AN XOSHERHR & (0 F BB R AN B TS AR)o SR TITIE 0] X 5208k 5 L0 XS4
RAGEAEESR: Wl X B AR R RE & E 5 X R R B R Bk 1 AN E%, H
869 MM X 528 M8 2 2 o 2 B/ R 1 35 B AR A B R 1™

oy St 8 2 v K TR R ) P RS R S LT Bl R PR A SR A A ). X K R R 2
X BRI T TRy SRR SRR y SRR AR A EEE . Mu %%
N TR N X ST R, RILF, > 3F, (F, & v S48 X SR REE X 5
LR S VB I 1) b F 7)o Margutti 25 N LU 7K A 2 v X 5 2 M R P ML 55
RN XS EME R (G FE LUK R rh X2 K G EE /N 1 AN B AR, R R
T, X OSHRER ETE BRI TR A — B, X SRR R AT T BORTEAREE, e N RE
BOGEA R, HEBMKET, X HERREN w-t, KAMR .
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3 GRB 050822 &5 X S4B & Byt Tk

v BT BRARMELE X BT PR, AT B B B £ BoWl
T 4% 22 R . P D L B (DRGSR I T, ) DRI 58 X S 208 R 5 4 W A L Ath I8 BORE R IRV BEG R
AFE R EES LT, R BEEA R RE B R AR IR, Rk, 58S HLHI A [F sy ()
ARG, AR B B N TR A A R R, Perri N RIL, 7F GRB
050730 Hh A B A B X SR R A R, Yi 2 N Giit T oy 5 2R R S R BN T 4
i (BEASK ) Swift-UVOT 2005 4F 4 H —2010 4F 12 A MRS, K3ty 119 4
TR, RIICEH MR X R R Ve AR B[R] 4 40 A 7E 102 ~ 10% s P, FHA AL
w-t, KR AHBIE SRR, ~ HERMFRES X SRR EERKR. A,
Becerra 2 N F COATLI #im 45 A XRT B8 BRI T GRB 180205 K62 A kA1 X
BHRANE, RIUTE X RN BN, o2 MR LI 5. BE4h, Wang fl Dai® A
Jo He 2 N #52BL, GRB 100728A 7E X SFERME R WM IR A 5 b TR RE B ST, X 19
7E GRB 100728A FJ X S0 K W BT REAR(E 10 SR, H2E, Troja 28 N HIGE T
TR, TF X SFLRMER A IE B R 2 5 B TR BE BERDL 2 e B A DU R I 52

GRB 170817A 7EME 1 B B 710 X SR R 4 (F, < 3R,), HRAMERTE
FJ5 156 do % X B R MRS w 2 24 d, HEMERE L, A 2 x 1032 s,
GRB 170817A 7EM K J5 156 d HILM X ST &M KM L, 5 t, 12X &R, 5 Bernardini 4§
NTGeit i X SRR Lty KR8, I HZ X STEM R w/t, < 015, Lii £
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NTBL T % X PRI R % 10 FE LR Ex e FS TRV Lo, T A5 512
3.13x10%8 J f1 1.54x10%2 J-s~1. Lii 2 A %tk GRB 170817A B3 X 5260 & A Swift W
PR X SRR R M IIERAE, R GRB 170817A Wil X SRR K& 5 Hifth ~ 52k Brb X 5t
EHRR I Lo-Fx isos Lp-Lx.isor Lp-tp.z, w-ty, A, i, ¢, . 28I 0 (R 1Al
ZME A X 2R R T R R R AR ST S I
2.1 X SRS HEARMS TR

Chincarini 25 AF1 Yi Z5 N#REE ST 7 4% [ 00 X SHER IS REAR, FH DA A REA NI
fill, Guvh 7 XS 2R R I R

Chincarini 2 A" S BUFEAR K [ T Swift-XRT HW %GR, i 855 A 2005 4E 4 A
—2008 4 3 H. Chincarini %5 NI X ST R F T Nl RN (1) X 5200 R A 2 3
1 ETHBE . WE(EA R B (2) X SR T LLA Norris BIZL F(t) = Fyde /-t =(t=t)/m
PLEs (3) WR—Ny HEREG AN X HLBE, & X S0 R #0T B 5 95 H ks
(4) X S 2R R b A0 S (Fo>5 x 10716 Jom=2.s71); (5) X S 2k R 1 0 i ) [) 2
/T 1000 so ARATT IR ZGERL T 113 4> X WA R IEAR, X T 56 4> v 44, H,
GRB 051210 A1 GRB 070724 2% %, 21 > v WL BIRA LGS,

Yi 2 N"TE Swift-XRT fIULI SO 2 BT X5 2008 R RE A5 (UL I 1] 59 2005 4E 4
H—2015 4 3 . MATEREBREARIFNIR: (1) X HELBAH B, A5 ER BT
BARRER: (2) X MR ZENE, v LA R X ik (3) & X 2k

E@@i&%F(t):Fp[(;) +<f> } U Vi ASEHEH T 468 1 X SRR, oo
200 4™ X LRI R bR A A4S B

Chincarini 58 A1 Yi 58 NGEiH ) X PRI R FEAH, X 2l A 11 o B A DR S
(1) X 2R R R i (A1l X S 200 R e B r3E i szl s (2) XS 2R & (1 F-E 42 6 (1] il
WA A B[] PR 38 00 T 2R PR RS 0 (3) X SRR A I T LU I I A S R T R (4) XS ER R K
(102 S o P B D I R 320 (5) X ST R R MU R 10 J5 (6) — Ny W BRAZ
A X AR, S5 HIL X Sk 1) RE TS 2L L S Y IR X SR 2R K () RE TS 4K

Yi 258 NGk X SRR FRE S Chincarini 28 NIARHEFF A4 — 8, ZHIET: (1)
Yi FENEA X X G2 K I AE I AL AT BR s (2) Yi S ABLE M X G20 R ik B S
Chincarini 28 NFIRECR R Yi % AGiH X 8 KA S Chincarini 55 AGLiH 1 X 4t
IR FEARRIAF Z AbAE: (1) Chincarini 25 NGEitH X 5 2RI 2 05 A1 A () F0RF SL s R) 45
/INT1000s, Yi&EANGETEH X S0 K U I 1A] 9 107 ~ 108 s, FREEH /AR AE 100 ~
1000s, H X 520 & I RFEEI [a] At 4p A £E 100 ~ 1000 s; (2) Chincarini % AZt1H )
X SRR R FE BN FRI, trise/tdecay = 0.49, Yi 28 NGiitA X 5 2R A 56 B 2 T ALLXH R
)5 trise/tdecay = 1.08; (3) Chincarini % NF&H, X GILIERE ~ 5T 26 Z Ik I 45 S 00 I 4
AL, Yi SN G A0y SR EE X G R IR BT, X SRR R S B
WA SRR T e 5 P 51 AT
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Mu 25 N M Berger'™ i) 67 ME R T H T 31 ANE Swift-XRT HLHMARE (£ < 100 s) K
FAE. BAh, MR 2013 4F 1 H —2017 5 8 A BIMIIEE Hik T Swift-XRT HRIE M
FLf 18 MER. AR R L F(t) = Fyhe ™/t =(te)/m2 | 1 £3% 49 MNE R X 5
RHER, RIL GRB 050724, GRB 131004, GRB 161004 146 B FEH X HEEE (F, > 3F,)-
fATTIE &3, GRB 131004 A1 GRB 161004 H1HIEASE X SRR IR w < t,/2, B BHIX H
AL B S X SRR K T e RO RAREIE S = A2, A, GRB 131004 1 GRB
161004 FHIHFE X SRR 5 I RS o > 24 8 (8 R, X th i X AN E 7
HH B 5 XS 2R R T R 5 RO RAR S 3l A K.

Jia 2 N Gk 0T T X R R LI, A ATTIIREASR 1 T Swift-XRT 7E 2005
—2014 MM ESE, AL F &4 (1) F,/F, > 10, A F, 2 X SRR 4R
%%%(mX%%ﬁﬁ%%mm&&ﬁmmﬁﬁx%%@Eﬁﬁ%%ﬁ%&%o%%mm
AT 85 X HARRIOREAR. W18 F () — B, [(t’f) i (;) } Wa
T X FRRER AR LR, 153 i i Z AN T EU X R R I IE RO d. AR I
(1) 7£ 85 ™ X W&+, HRD 56 4 X FERMAIHL ar > a; (2) X GFERME K I E IR
S PEVEAE R M08 (3) X G20 A (1 B 6 FE BE W AE I I3 08; (4) oo FH ap TN BE A0 AT i
PREL: (5) X SHERME A (1 b TH I AR A R BRI AR S U (A TR IEAH DG, A AT I4E IR, 76 X 5
LR 1) S DX A A 0 N AR, 123 R T RE A R A A I S B0

TERF R Ak (I Sgr A%, M87, v 412k 54) AMIERIL T X H&ME™ . Wang %
N Gerk T AR R RAR S I X G R AE, I 5 AR X SRR AL, LA
TR AR, AT, X R RN X G LR R ) B 5 R0 R4 I 8] ) 2 720 A1 #6AR
RS, HEEEHRZERALR, XREBTL B S0,

3y W R X S K H R Y

GRB 130925A 1 X G2k, 1 BAE X FERM R G X SRR, HILT #
R RN AR SR sy UM 2 R, X SRS PR RSk T2
PuEs™

v BB  — & K ERIE AL (fireball model), LG PV BB HLE] = A v B 2R
BT RSB LAy ST B AE™ . Giannios  @ESL T FEHUGCEREIH (photosphere),
DUAARRE v B 2R Bl i 4R S A 6 AR i 2R RN RE 1 5058 R (Al 3 MR 3o AR % ) T8 P AN 55 ) 7 2o
AR B A AN [F A X 8, AEBRAN 52 Za i AR, WAL G BR AR AL A AR
TS AT s (B AR AR RS o X R R O BB M AR 5 oy SR 5 1 B A 8 R 5 A
Ko X LMK AT DL K BRI AR BRASE A ke . W7 3 SR T, W37 B AN AR It A
B FE IR, I X SRR MR . ok, WHR  RE R % n) 1t o A A4S
RMEHIUIG S ILR (2 RF S ) 5 % v S AR S XS R %), FE T RSB X 4R
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WK, TESCE AR A BB R b, B AT DL TR, RS A, L, R
TATBEMLI B — A BT 2R S 2 I X SRR
3.1 KFkiRHRY
3.1.1 AR AL

KBRS R A R IR 2 77 A P, TR U L 7 W A 1 7 R A R v AR
RS, MO SRR, RS R R A FEE ™. Burrows 25 ATy, ik
AT X G 2R p B Z 0 P S, IO PR Ak 1 R0 B B S B, Y
A Dai ™ INHg, BIFE XM R T RERUE T K IR5E 2 R A ISR ZURE . Fan A1 Wei ™ HR4E
PRI AR ST M TR T X S R R R R B IR SR TE 2 (s /) BT, T, Lo
SEMLINIR], 5 b0 5 SRR S8 2 I ), D420 5 % R IR DA oo 51 S G 00355 20 T LA
SKARTALREIHRI X SRR, N BT RE HH i ) £y S5O0 18] £ BEIE, SR ARAO X 4
%ﬂﬁ%ﬂﬁi,mﬁﬁ?t>@%u4)0—?>%%ﬁ,ﬁ*AH%X%%%E*%

P P
L™, (HRTES LT, BRI G, M0 R R G 2 B TR, i
%ﬁé&ﬂ%ﬁﬁ,F$X%%%ﬁ,Eﬁﬁﬁﬁ?@%%f>ﬁﬁ—ﬁﬂEMm&%

p

N, XS RR R P 5 R R R DO B WA TR IR AG 2% R T OB A £
SR 2 L A P A O, T 7 A AR BB, PO SN T, PR e
S, AR S 420 1 T R S A ) A5 S5 8 Band 48 TSR OB TE R, oK
CERIOI RN o, 522 MK 55 B IR BRI B Ay (fons) /A0 = 1+ 8Tt/ Ttos FH, Agy (fons)
B tops ZIFEIRIERE, T REORIVKICEE T, Ao & to WZIREMIERE, oF BHREN
VA 2% PR T (KA B XS AR R T B R 5 2 R S 0 S 1 91 3 B 5 2 AN B
PesE, X SRR I R Ry oc I2cton, YR, b, Ry & X SRR I0ER L%,
c R,

3.1.2 Mg buE)

KIRI v BV LARIGEVE A8 25 T Ty FIAMZES), IF15 58 bR UM B AR F = A A 8ok
KIRVIR SV, %A F A IE SR R, KERZEBIRECEA S (LR, SN
ﬁﬁﬁ%%%ﬁﬁ%ﬁ%%kﬁﬁ%%éﬂ%,k@%%%%ﬁ%%ﬁﬂ%%%ﬁ%ﬁo
YMBORAIE EBRA R LA, AE O L 7R S A 1 R B A R 7 A R A . g AR
ONAE B A (675 Bl 2 R AR I T AR BT I e PR B B, BT 55 2 I B BV 16 25 R T4y
A48 40 s . Lazzati fl Perna’ A, 44MEII L BERA BRI, B FRAR7E SRR
FE LB B R AR, AT 5 SR A A S 08 e, K R TR 4 S F A X I £ % 9 B2

% > (277 — 1)(dar +2), K, ap RFEZECEE THL AR

p

T PRI IR L AT AR (34550 73 A0 BUR KCE L7041 ) b K ERIEAL ™ A A R R2 T, freL,
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ar B FHBUEAIE—ET6H. Toka 28 N 4 H T AME A 305 A B 370 10 A8 AT R«
8w
° AL
F- R 54, L pUIR|

B S w ’ (1)
b 12(17)2 R (R BRI

p

Fan 1 Wei'™ HR4E /NS (0585, 28 1T XS 20 AR 0 5 B ) (0 BE R B (s )~ 2+,
o, e RO 5 I 5 R A A
3.2 tIkiRA

Beniamini fl Kumar'™ % F& P ER B X STERM K. A TR ZEIR A, (1) b
5 HEE B R R YR AR T B, (2) BREHR SR X B2 R R TE AT E OB A A
RAEW; (3) P=LE BRI ST X 5T R R KIS A0 T TR BP0 B L L A, (4) IR
WA AR LR LT LAA,  BRAAR IR X S MR R 1 i R s B R S IR A Y
5 YA 2 R 40

Ruffini 25 A R I, 76 X B4 & 106 b, £ 5 %50 8485 5T, Ruffini 2
N, TR R B A T R R AR, B AR, P ete S
Tk, %S BT RO R SO R — LB, RSB R A T X S
Ko PERSRO IR, SRR T MG B 2 AL R
3.3 WEIFEBWLE

Iy SRR ARG, TS, TRATET LR B RE OB R X SR R R
it Giannios™ $EH T — AP E IR X B ZER R B, RIS b A0 354 B A AR
FHIE, 530 A R 2 AR R X S R IR A 5 BT R S AR O, BT R
AN, X LRI (IR A AR
3.4 FESMESHE

B BRI A ) S O 2 B X AR R S 2R 8 Ak, Geng 2 N4
H, X SRR IOMIERR (o > 2+ ) T & R RS 5 RN, BT EE T
WERIEHN T, T IR EIENEE . 5 T (0 5 A E H TZ 35 TR SRk 5 i
S faE, W, BTORMSHIE RS W s T /MRS Ezs,
2, BAVREE B KRS O BEE, Bk, BT RN, X SRR A
LB T . AT A S T L Fr i e S p 2 DU [0 A B L, 3R B8 R
WA AR B8, %58 BE RO bR A T, [EIBR RIS B BB X BRI 3h J1 24 b5 T, R, %
TS P S BRI RN AR R T > T o BER D RE R IR B R — B Tp< Tor AR
Vet SR, R A Ty
3.5 Hpygidiz

W — S A, R AR R S AR A R e
IR IR A B IR AR T, X ER AT LU SRR 4 SRR X SRR R 4.

Lazzati 25 N B T 528 RBORAEIBR IR R E AT A 10 X SR, WO AS R
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AN xR0 X ZR I 1 B R FLBE I () () A FERLROE RE H, ABATRE T 10° TR
TkA, JERE X SRR IIEAC2ER T NI 5. BRI IR IR MR Loa—5/3 32, Hp,
Lo RWIBEBRICEE, © 2 T W BHROGE R B ENE. i P07 1~ AR IS 2 14
IR AT, L X 2R R S WA K A B A DG, TR X S S W Tk
FABIBING %o X GHERBE R I RFEEIT [B] /N T XS 2R R 2 (1) D B[]

Luo 25 N, ot 5144 IR AR (0.001M ~ 0.1M¢ s~ 1) iR AT R84 4
I FR I X SR Ko 1 FEPE S AR N 3 5 0 BRI 2 T8] IR RS & ML (magnetic coupling,
MC). RS TR A PR, I H IR i R AL 2 R AR A, AR A AN e
BRI AT X SR

WA F I G T G B . T 2 P I b R R ) e BT I A7 B 1 i 2 3 A8 Oh 1IE A FL 155
B, SRR RB R ERT T . BRIRS RIS SRR,
WA AR RTERBR AN b, TR R AL AR G580 A B2 s A Joid o () A G
WHT P AERSEY, mh TEIESE, JHmmsEs e aem s . 3T X B
&, WESCIARIEE, BEER D RA B,
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An Investigation of Research Progress for X-ray Flare

in Gamma-ray Burst

LIU Chuan-xi?2, MAO Ji-rong!?

(1. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory for the Structure and Evolution
of Celestial Objects, Chinese Academy of Science, Kunming 650011, China)

Abstract: Gamma-ray burst (GRB) is the most violent explosion in the universe. It has
strong gamma-ray emission during short timescale. For some GRBs after prompt emission,
X-ray flare is shown in the X-ray decay phase. The pulse of X-ray flare, similar to that of
GRB, has an asymmetric structure. Usually the rise time of X-ray flare is less than the

decay time of X-ray flare. The X-ray flare duration ranges from hundreds of seconds to
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thousands of seconds. In some GRBs, the X-ray flare is as bright as the prompt emission.
For one X-ray flare, the duration is linearly related to the peak time. The spectrum of X-ray
flare is harder than that of normal X-ray afterglow. The early X-ray flare has a narrow
pulse and hard spectrum, compared with the late X-ray flare. The physical mechanisms on
the X-ray flare are similar to those of GRB prompt emission. In the fireball model, fast
shell collides with slow shell, and the internal shock is generated. The shock accelerates
electrons, and the synchrotron radiation generates the X-ray flare. The fireball external
shock sweeps up the interstellar medium, and the synchrotron radiation produces X-ray
flare as well. In the photosphere model, X-ray flux emerges at the photospheric radius,
because the jet has enormously dissipative energy near the optically thick region. The
peak energy of thermal emission settles down in the X-ray band, and this makes X-ray
flare. In the Poynting-dominated models, GRB jet has interaction with the surrounding
interstellar medium, producing the instable magnetic field, which can release huge energy of
the magnetic field. The X-ray flare is powered by the dissipative magnetic energy. In the
case of anisotropic jet model, due to curvature effect, the anisotropic emission makes a late
X-ray flare. Multiple X-ray flares in one GRB can be caused by the intermittent accretion
of black hole after GRB occurs. During the accretion, the magnetic field around the black
hole can modify the accretion rate and the energy released by GRB jet.

Key words: gamma-ray burst; X-ray; radiation mechanism; non-thermal radiation
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