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1.1 WP TFEMEFTFENERAY
111 ¢ FE2ZREZTEMHA

BB R AR — A EUE KR, E R E R R RS B . EREEAR
B, BT R fR IR, AR R RS, A &5l s O R N EE R
MR T HENE T, SRFAHFERY T, PAaRFRFEIES 5 i REE P, B
AR, AR REFEREZ 100 m, RN 1M, ~ 2My, BT EH 5B % E R
m, JEEA 8 x 1010 ~ 2 x 108 kg - m~3, HE K ERTETI4EN AR R /N, R 78 534 i ik
B, ERAshEILFEARK, Fh7 R A AR RIERe R R A 3 & 7 1.

b R TS TSR B ) RAR. AR 1932 SE R PRI R B A, FRECY
EFYERTASAET TR —Fdh TR KA. 1934 48 Baade fil Zwicky © B IR
T B R ERK GRS E, R R RG] RN Rk R
FERITE 1939 715 4% B Oppenheimer 1 Volkoff & 57, A+ 2 i & % oA B.1E
AR o AR R . (ESRTERE S K 30 ZAERS A L, 2 E) I I B A B A
BHER K28 A R 2, 7 BN A MR SCEFAIRN R, 7 BT
BENEIN. BB M A R G, BENBRCERIRRE, JEE % A RSB R CHR
Hewish Ath 11272 Bell T 1967 4F 2 H, & IKAES FE BRI 1 eI B2 7 [ 1) ik o 22
PSR B1919+21" . [y 2 & BLYE K302 R B 24 4T 5 e T %23, %8 20 40 60 4F
PRI RSCERIT R R —. kb BRI 2 — ) Hewish [FHCIRTS T 1974 4F (13 JUR
WIEREEAE, T Bell it 3545 T HE A B 2 S0, ik R RIS 55 4, Gold Al
Pacini™ 4> W38 kP R 2 o R b TR, KRS EEL AN 108 T, 1968 4F
K, BEA SR K R (Vela) BT VR Z kb2 (Crab) BEEIN™, AATE(E kof
RN R, eATRIE T @ ENEK.

H R B BRI AR AR LY, P RERR BRI (PR D 2R T TR T R A (R R T e 5
X3 H ¥ AR R R 1 A7 A — Ny R X, F PRI A DX 3 AS W 48 sk T2 e
ReFLT-, 104 B AR M 5R i3 R4 = Re v R R BBV E M 1 402 3)), FREIX ANt fE e =
AARS. mTH T EMME B — AT, 00 ~ 90° B, TR BERAAHEA
TR HE G B R R, R SR T PR BRI AR, RN B R B kb =R AR
SHES, PR A 7 B A DURK ol 22 0 TR QR R DN 1), T ke A2 (%) ik v 2 S B2 2R 0 T2 R b R Ry
CATEEREAL”

Pk B T E L I A A TR — e, EAIVIEIRE 1 Bl e A RN, 1S
Jok e R L P A R LYy, FRAET BRI MR AR T hr ok, A8 Rk B R Bl — AN ER
Fo Bkih R FIREERE R — AN T W A e PR BRI T B A B T A I AR B 3 TR
GR, BRIZMEERA A AR AR &N, Iy NS0 5T & Re ) B AN &5 5 iR 2
PR TR

Tk B2 e BB T LR IR B RS, WL B ko R 0 A 1 — ELE A RN, ke
Jok it L 1) B A B AR NS, TR S RE SR U e Bk B AR A R A T RRE. RS NI, S
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2 286 B H LIRS ) Bkt AR ], ST IICE 1.5 x 1072 ~ 8's [0, FRIAFIIHIAK
2391087,

ik B R A AR, BRI RS IR, R B A AR PR S A B RE AT
WP AEMEER JZE oI i S = A e ik 2 R S B AR S A R B RE B R BRI AR N — 4,
DT ok o B2 1) B R AR A AR ARG ik B 0 J AR A e — MR B ZE B R, A AR BUIE
AR T ARAR 2 kb B RO VST R Bk R ) R AR A AR A, AATT AT B B
MR RERAR A NATIE AT LU bk B2 1) J S0 ) FL AR 8 R R/, ) SR et 1 fk v 2
TR A P 2 T 7t T AR DRI 281 P ik et B 5 P ) SO T AR A 2 (DA S
XHINHE] S8 P) 5. B = (3Ic2PP/8m?RS)'V/2 ~ 3.2 x 101 T, M, P HIBARFD, T
(4179 10% kg-m?) N7 EKESGE, R (L4 10* m) 21 ERHER.

kb BRI CAK, BHEE O EA TR 7L CHUR BRIt . B v DURY)BE S 2% 57 DL
K, —ILH 6 MUK L5 AE RARY) B 5008 4 i tH B8 R STiR B 2 K, Hobli s 2 IR b+
B Rkeh BB FUA 9% ARSI 30 18], — /NI B A W din 28 I I 4 AT 28 1 Jhk v B2 48
KB, EATEFEE X S 26k 2 (anomalous X-ray pulsar, AXP). SGR. H# MU
H1Ji (rotating radio transient, RRAT). X MR IGLH /£ (X-ray-dim isolated neutron
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IS HE & (L m) AT AR Bk R 2T B R AR B R TR T
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1.1.2 #¥FE8p EfaE 3L

WA B2 X SR kot 2 R i — /N (H A0 2AEA A K2 20 A, BT B 5% BI7E
2~ 125 W), EATHIHR ST AR AE FATAT ST R B2 AR X5 e Rk OO B TR P — OBV SR AR
HA b, XAORARMEE X SRR R RN B2 A, RARMNAHEIRMERER, mAZRS
BAUESEUE B AT LS X S R Bk rh XURTBAE, v DUFE R R AR . thah, (R EA
SEMAEAAR SR, ATHEN S B ik 1010 ~ 101 T, HE S TEFHEFREAE
WP RS9 R R R, B B2 PRV SR A DA N A2 B X S 5k 37 1) 3 Dl AN A B 1t
Frrete, BRI, HRETIE KA 568 BV E LG B85 78 A T T R B A 5 A A
B ABIE, WP R A RN X 42 Bk, BEEASENKAE OLEA
10% J-s71).

Whrp 7 Bk vk EEARE AXP M SGR, W HA S5+ 7 EMUnrerE, RIEAIm
Rem A e ResEft, ProlefI)E T A, R oG 17 BRI E 8 A it
TR EERAEA AT, A, B TR AR IER N TEES S, EREA

HARR B8, W R A

2p
A

7 HH B S (R SR I 7 2R R 2 R A T B

F1 HWRTFEOSMEEHE
W1 RA (J2000) Dec (J2000) P/s P/107'2  B/10'°T d®/10'm
1E2259+586% 23 01 08.29 +58 52 44.45  6.98 0.5 0.6 9.3
4U0142+614% 01 46 22.44 461 4503.3  8.69 2.0 1.3 9.3
1RXSJ1708—4009 17 08 46.87  —40 08 52.44  10.99 24® 4.7 12
1E1048.1—59377 1050 07.14 —595321.4  6.45 50 4.4 8.4
1E1841—045 1841 19.34 —04 56 11.16  11.77 41 7.1 22
CXOUJ0100—7211 01 00 43.14  —72 11 33.8  8.02 19 3.9 190
CXOUJ1647—4552Y 16 47 10.2  —455216.9 10.61  0.9% 1.3 16
XTEJ1810—197% 18 09 51.08 —194351.74 5.54 10% 1.6 7.8
1E1547—-5408" 1550 54.11  —54 18 23.7  2.07 239 2.2 12
CXOUJ1714—3810 1714 05.74 —38 10 30.9  3.82 59 4.8 25
SGR1806—20" 18 08 39.33  —20 24 39.94  7.55 10% 18 47
SGR1900+14 19 07 14.33  +09 19 20.1  5.17 100% 6.5 47
SGR0526—66 05 26 00.89  —66 04 36.3  8.05 65 7.3 170
SGR1627—41% 16 35 51.84  —473523.3  2.59 19 2.2 34
SGR0501+4516% 0501 6.78  +4516 34.0  5.76 6.8 2.0 16
SGR0418+5729% 04 18 33.86 +573222.91 9.08  <0.006  <0.075 6.2
SGR1833—08327 18 33 44.38  —08 31 07.71  7.56 4.0 1.8 31
PSR1622—4950 1622 44.8  —49 50 54.4  4.32 17 2.8 28
PSRJ1846—0258 18 46 24.94  —0258 30.1  0.32 7.1 0.5 19
AXJ1844—02580% 18 44 54.68  —02 56 53.1  6.97 - - 26
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R, BRI IR B RR. SRk, BEEMLIEE g, AR SGR AWiER,
KEASTER— MR R ESRAEREN v B2HERX A, MH SGR 8RR HBUH 68 &
3 AR AR TR A I R R S, B SGR A N2 — R KA HIE™ . Thompson
A Duncan™ FEE K. EEBRETHEE X SRR E SGR KX Rk, 1998 4,
Kouveliotou 2 N\ @it WMER T % 1.

1981 4, HH AXP {Ei##H 2t SNR CTB 109 HH ORI 2], B X S
Ik B E R A R R EE K. AXP —RRER HREDN, ©TXERGH, KEHAT
R RN, BN SGR 5 AXP H 1R ZAHBUNERRE, WK e A RE 784 B HFL RESR AL,
HRZHIREIM G, FIb e AN E TR —Fh T2, g 7R ik,

fili Hp 7 L TR (R AR R BT S I — AN QBB AR PR, AT 32 AR X — WL IR G R IR
FEHTR R IR SRR B B 0 R BUE SR AR R — AN TR, 5 4
b7 AR y BRSSP T U P AR AT RE IR B e B A . H AT R IR A BE
SEREE SRR TR, B, WP EMNZESE LN RE: BRI SRR
(101 ~ 10 T), ReF=AWRIEEEAR, et kIR T X HLMIeE, BaARign R
TR X SR RERE,  DASAS I fr) 5 R Bk i B R

MR X se )45, HarE it 7 EBUEE SGR Ml AXP 2. SGR W21 N be %
DU R IEME AR INE], BEJE AR IS 2 AN LB i fa e X St R4 o kb 2, &)
H A GE AR, AXP 208 e R 10 X5 2 ik b AP AR 18 1) B SR e N, e AT
AT LA AL SGR R k. R ZIM 7 XA, SGR 5 AXP (13 [F) W8 il 45
MEFB, TATA LR R —Fh KA . S AT R AE F v 2 (R MR R % 45 B AR 4 1 A
Be: HBRELIA ISR A RO B R R ARSI X SR m SR e & . W L
TR X ST REE ST L IR R R AN R T A
L, ~10% ~ 102 J.s=* Ml L ~ 103! ~ 1034 J.s~ 1,

1.1.3 #myFTEHERER

ATTIE & AR R AR R R BE R /N RR SR I ], SR 3 3%, il e R
(RERIAF] 1034 J). hAR (RERTEHE 1034 ~ 10%6 J) MERE (105 ~ 10 1), B T@%
FEREIR /NG R, SGR IE& 74—ttt B K HRFSE MK B A, X2 Bl Caimi K
AEARIT R R Z B R Fh 2 —. BiP PR ER R SGR R B S . B
W g = R R ORI 5y BINES, R MUEE R R B E T W6 108
. KA SGR 1806—20 H R & LA vt ER & 8 Bl 3R 85 #8748 7 5. wih TR R
W R P2 A BRI B SERE (558 y SR Hh IR QB0 ) bl e B AR X 7 ) A 75 A1) e A el LA
v YR AT REIXT R, 2005 4, Hurley 56 AAEXS BE i A F#E4 1 BATAE sl 2 )
S ELRE  BBHTHE, RBLKZ 40% T BEREE AR RAMNORh TR EMERR T,

B R IR S A R R R A A B R U Sl e i T T T B4R
AT S = K BB R : 1979 45 3 H 5 H 1 SGR 0526—66 F4- ™, 1998 4£ 8 H 27 H
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(¥ SGR 1900+14 4™ ™1 2004 4 12 A 27 H ¥ SGR 1806—20 A" ™=, &/ME KL
50 ~ 100 a KAE—IXKEMR K. Hd SGR 1806—20 B KB MG ERZ, BRI
10% J fE KRR, SPHUERI R B R R T IR 2T T, R L%  AE T AT R
g™, Ep, 8 A m 4 RS IR SR ER RO LR, TTUE S, BT R
ST R PHIR RIS - 28 AR — 5, B AR iR B mT 2, Rrh 72 B R AR il 28 th R K
RUAHS v S 2RAEIQUEEAE (R B) P, (HR G T 4 RERor R R e &) AR 58 5 AH 40 Ak
(FRE N LB, 2B ARG ).
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B 4 RHESSI v SHERMSEILNEIR 2004 4 12 A 27 H SCR 1806—20 B3R & B Az

2 HE T A2 B KRB

BTN 01 B TR 2 WO R R K R BRIV T kY, (R R AT T RE AT
i AR TR AR B s FE RN AN T IR AR 52 4 T Ml IRIRIBR R AT REE M A7 X 8ok K 4y, H
HIE PP REE SGR B R IR . o 2R AR AR, I PR 78 () S ik 0 2 4 R FY)
RESRYE T rh 7 BRI ) 380 9l (KT 101 T) MEEIA] DU b7 2 76 2 i A e
OFZIRFE RIS, AT m eI SR RS AT SeE IS, WK/
AR s R S DN A P 8 ) 9 2 (R0 N 28 1 B 2 08 5| S AR 7 7= A B B L 2.
TR B RES IR B RS EA. R IR T R RE S, DA RE R BN
PR E B
2.1 HEERR

P TREBROFZESE B, b TEBRE, MEAEEm T TENERE, M
P S B 3 TR S o L o) S OR e BR FL2E,  i JS  ES ROR R AR R PR B 3 A A P A T
RTTEL FESE RN b, BB (K3 AR N A 5 4 R I AR KB R Thompson
A1 Duncan™ WA T D TR0 S 0055, AMAT0F 5 T IR B S IR Ik
FFTSEAE RPN Yoo IR T REIEH SRR Z MR R, HREY, iR
g BREK, H BB AR S AR R FE RN TR REE (1 ~ 10s) AH.  TORIR
B, BN EFARE, WAREEEZER. a0 SGR 1806—20 1) EME & 1 T [E] R
T 25 x 1074 ™, BRI EEMEEGN HEEZ. Fik, 7520008684 FH Rt
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T vy~ B R A R A e i S Ao
2.2 HEFKEIER

FEA KM B, SRRk SN, el A HAthiz 31t s Bk = vh (R 7 1)
HAh AT, KR B A RAEMIERZ . RGN REEIA 2 — MG FHE, X
JERIFE AR L4ERE, KRGt —DENIITHOPES, BESE VBN, X5k
AEAERBHRSH I H B2V B IS (coronal mass ejection, CME) ML % b I B g & 4% 75 %
AR

KBHRA IS R R R R 12 6 BRE S B TRz sh, s 7 B 158 22 RS, A
REAGOR B ER 2 B RS 3. At Bi TRMERE R ZE AN R AERRT ™, A
AR5 R AR, RIS 7 B3 & MR R AR 2, KT L —iigiz
B, AR AAEMRZE), HE LD RS . TR R P
fE5t )= EREAR 2% i AR RIAE R B 2 BT DTN D AR R, B 2 8 7l — Al 7
EJ5 2 B BUB R 1 75 2 AR ST BB 3™, I SRR BEER 2 24 h A R AR B IR e A
Hih, AN REAHeE RS IR N WK E T A7k,

BAh, Bih TR FME EAEERKHRET . — RGN AR X G k4
gk E T RSNSOI TR AN RS B TR R, BTCL, TR R
JEN S KL R R, A 2% KuAsE s ik, AT ELH R4S 7% (magnetohydro-
dynamics, MHD) 75 F4 RAMIA -1 B WEER )= K k37 R 45 88 141328 5. Beloborodov il
Thompson " #H T — MBS (WLIE B) SRR HLF T2 R IR Z LT, i w &
XTEERT AR, XA R 5 KR i KA R AR AL A, BT RS rER
Y FCIRAS 1 2 3 HE ST XA, G B2 B R P 75 228 1) i & o 4] AR b1 R R Y
TR R IR R K BT EAFAEWAERE R, FEANT 5 K PR oS 72 2w i fig ee 7 N B
ENGIB

b)

VE: a) T EREI SRS REE™ . b) 0BRSS KA.

5 HihFENREBEHSHES HEHMSEEIEE

HEER Z A RE BB S5 Lyutikov F 2006 4E32 1™, Rt (LK B), RARETERLER
JER S R XA AR R R IS MUATE), (ERE BRI ARG, X

P E MM T http://trace.lmsal.com/POD/images/T171.981122_164318.gif FHL.
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2.3 Hih FEERENEREhEER

IR SR T ORBHRER S P — R R S s FE (B CME). i TR I A e s
Ve, A T U 5 B T P R AN B 2% TR R HE 22, O P B 25 SR 2 F PR R g
OBBE) ARk ™ B B IS AR A RS B T R
TEPRIE PRE S R e, DRI TIT DL S 5 2 25 0 4k 0 23 1) 40 A Sk T R G 85 W G b — 128y 345
IR, XUETER] B R B AR [ AOREAED, BRI 8 1 X0 0 8 2 1

e BRI A% DY T RS DR A T T T BB R A

8 —XRHAAK CME BLEH

Bl B 25 S 2R I B RN R 8 ) M I S5 4, Ul B XSO St b B A5, o (Al
HARHAT, (ESBRKETIN RS A L0 2 1 B HEETT LA 5 IRBg K.  MIin 4
MEREER R PSR EAE CME FHb, M h 2R 14k o8RG T
R R AR, B+ 2 0] Ge T8 SR B R B 4500 F r= A g 2L B, T B R
H AR B R s 24

Lin 1 Forbes ™ $2tH A PHER K 19 AR (I @ Fros), JFH R T REERES OME
Inid < (R AR B, M B RAE R RS AR R R T EEAE A e B RS D P
R, JBR CME; 574 TR, BB APUE K 6 CME RE ™™ siden
) MHD 0 E A8 T Aly-Sturrock £25 ™,

Aly™ il Sturrock ™ S JEVEREF], TEI R GUR) WA ARKIEL T, o TR AR
SFEFHERER LK, RTINSO SR RZ Nt E. WIS R
], KFHHSIABLRRE 2 — R I /i AR LR 8 v, T 555 A 1) v H 0 2 4R
H %620 858 5 B AR 1) 55 B TR IR I AR AR ABL, DR b S AR R A A H %8 24 v 1 o R R B B
WL B S Aly A1 Sturrock B 21 i 1] @,

REE PRI B, K SH R R I A% PR o it AN R T R PR 5 B8 A ST, T2 PR Bl R

OIS A SDO T http://sdo.gsfc.nasa.gov /3.
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e oz HALTERM, y MiEn L. BIEREATONEER W £R, g Blp SRFREAA M L TS, A, B,
C, D %75 CME 8 FARRIRIA R, AR S Z M2 2.

Ho mERRsunEE"

BRSPS 18 B RSB ER b, BLI7 R B P R LR RO s K A
BREEVEAAS . KFH KA I3 G5t — BRI ORBHOGEREL 2= K FH A8, BT OUBRAIRBH A
A B AR B R I L BT, WX B R BN S TR R R R
L, SRR, MR RE R B A B R IE . AR K AR 1K 2 LA 454
REVEZ IEMEER. BRI £ S H % SR s S 1k, E1REH
FERSHF IR R T Rk T REAMIRG M, T W H Z WSR2 52 32
JEILER R AR, 8 B 235 ) () iy A 0 P el 380 I 55 28 1T R e A RIS d () e 35, DR L AR 1)
W3 G AL T AE RS Re & B s PR AST AL, T ORERIZ B IR LR 1, PRI Ik 3K 5 4% & 1)
Re PG H i . RS RE, BB s shidt N H S iigh i 24
) g Bz A 2 DURM 78 TR R T S 308 H S iisg sk I se &, IX AR 2 I — AN i) /3
—NEFEAM RS, BREX MG E, HRFEENEEE, XERAATTEE. A, K
LS 3 AR R Y0 S WOR PR R A& W kA, TREWSISLHI T E, Xite+
o4 BN BT OR PR BRI 70 3 1R 2 4E ) Aly-Sturrock ££1%. )@t BLAE MR L e 2 HBLAE
“HIMSER TR T3 A B IR KR, B4 Aly-Sturrock £
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The Research in Observations and Theory of Magnetar

Giant Flares

MENG Ying!, LIN Jun!?

(1. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011, China; 2.Center for Astro-
nomical Mega-Science, Chinese Academy of Sciences, Beijing 100012, China )

Abstract: Giant flares (GF) observed from the soft gamma-ray repeater (SGR) are general-
ly believed to take place on the magnetar, a neutron star with an extremely strong magnetic
field (10'° ~ 10 T), and release huge amount of energy (> 103 J) in a very short time
interval (a few tens of seconds). They are thought to be the most energetic phenomenon
in the universe next to the supernova and the gamma-ray burst. Currently, it is usually
thought that the energy driving the GF from the SGR is from the magnetic field in the mag-
netosphere of the magnetar, the eruption is triggered by the catastrophic loss of equilibrium
in the magnetic structure as a result of various instabilities in the structure, and magnetic
reconnection subsequently converts most of the magnetic energy into heat and kinetic energy
of the plasma involved in the eruption. Meanwhile, a small portion of the magnetic energy
is used to accelerate charged particles as well.

In this review, we introduce the physical properties of magnetars and the observations
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of GF on SGR. So far, two types of models for GF exist, including the crust model and the
magnetosphere model, distinguishing from one another by the region where the energy is
stored prior to GF. The former assumes that the energy is stored in the crust of the neutron
star, and the latter assumes that thestorage occurs in the magnetosphere. In the crust model,
a giantflare is caused by a sudden untwisting of the internal magnetic field and subsequently
a large and quick rotational displacement takes place. Alternatively, in the magnetosphere
model, the magnetic energy is slowly stored in the magnetosphere until the system reaches a
critical state and loses the mechanical equilibrium, triggering the eruption. Observations of
the giant flare from SGR 1806—20 on 2004 December 27 showed that it lasted a very short
rise time (0.25 ms). This time interval of the eruption is short compared to the timescale
required for the crust model and is more consistent with the magnetosphere model.

In this paper, some theoretical magnetosphere models are introduced. The magnetohy-
drodynamical (MHD) model for magnetar giant flares in the framework of the catastrophe
model for the coronal mass ejection from the Sun is focused on. In this model, the ro-
tation and/or displacement of the crust causes the field to twist, compress, stretch, and
deform, leading to the formation of a magnetic flux rope in the magnetosphere, as well as
slow accumulation of the magnetic energy in the related configuration. When the energy
and helicity stored in the configuration reach a threshold, the system loses its equilibrium,
the flux rope is ejected outward in a catastrophic way, and magnetic reconnection helps the
catastrophe develop to a plausible eruption. The calculated light curves of SGR 1806—20,
SGR 0526—66, and SGR 1900414 are in good agreement with the observed light curves
of these giant flares. In addition, some MHD simulations about the GF are introduced.
Solving the MHD equations for different initial and boundary conditions, the GF can be
duplicated in the numerical experiment, the evolution of magnetic configuration, including
the current sheet where magnetic reconnection takes place, for the eruption could then be

further obtained in detail.

Key words: MHD; magnetic reconnection; neutron stars; accretion discs; black hole
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