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Table 1.  Saturation properties of nuclear matter in the parameterizations for NL3, GM1 and TMA models.
RMFHA!  po /fm?  Eg/MeV Ko /MeV m* K /MeV J/MeV Lo /MeV KQm /MeV Q% /MeV KS,V /MeV
NL3 0.148 -16.24 271.53 0.60 -202.91 37.40 118.53 100.88 181.31 —698.85
TMA 0.147 -16.33 318.15  0.635 572.12  30.66 90.14 10.75 —-108.74 —-367.99
GM1 0.153 -16.02 300.50 0.70  215.66  32.52 94.02 17.98 25.01 —-478.64
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Fig. 1. Relationships between mass and radius of neutron
stars in NL3, GM1 and TMA model.
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Fig. 2. Relationship of moment of inertial I to mass M and

radius R for magnetars in TMA models.
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Fig. 3. Normalized magnetic field components of the crustal
confined for the force-free field: B,./(Bcos@)(red line),
By /(Bsin0) (blue line), and Bg/(Bsin¢) (yellow line) vs.
normalized radial coordinate z. Here we assume the para-
meter pt = 1.676, corresponding to M = 1.45M, R =11.77 km
and [ = 1.45 x 10 g-cm? in the TMA model.
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Table 3.

#3

TEA I BE AU [R 20 B S 80T W B2 52 )2 SR iR e (R BBP #6iA1)

Partial values of electrical conductivity for different temperatures and impurity parameters in the crust of mag-

netars. Here we use the equation of station (EOS) of BBP model.

T=1x 108K T=2x 108K T=3x 108K
Q=1 Q=5 Q=10 Q=1 Q=5 Q=10 Q=1 Q=5 Q=10
pl/egem®  Z A o/10Bs!to /108 st o /108 st o/10% s 0 /108 s 0 /108 st 0 /10% s 0 /10% s 0 /10 5!
4.66 x 101' 40 127 0.455 2.15 0.752 1.69 1.15 0.591 0.998 0.821 0.490
6.61 x 101 40 130 0.641 2.58 0.865 2.24 1.45 0.703 1.18 0.982 0.592
8.79 x 101 41 134 0.928 3.22 0.991 2.97 1.54 0.822 1.31 1.20 0.702
1.20 x 102 42 137 1.26 3.72 1.15 3.88 2.21 0.953 2.08 1.49 0.787
1.47 x 102 42 140 1.97 4.63 1.23 4.89 2.50 1.04 2.43 1.69 0.867
2.00 x 102 43 144 2.62 4.78 1.42 6.31 3.10 1.22 3.18 2.11 1.03
2.67 x 1012 44 149 2.67 5.59 1.68 7.82 3.75 1.41 4.08 2.59 1.29
3.51 x 1012 45 154 3.42 6.41 1.85 10.30 4.52 1.62 5.20 3.14 1.40
4.54 x 1012 46 161 4.20 7.26 2.08 15.60 5.24 1.89 6.53 3.78 1.65
6.25 x 1012 48 170 5.58 8.56 2.37 17.50 6.42 2.18 8.60 4.68 1.96
B}i(]i %X 8.38 x 1012 49 181 6.95 9.67 2.66 22.20 7.46 2.49 10.90 5.55 2.23
1.10 x 10 51 193 8.58 11.40 2.99 27.90 8.75 2.81 13.70 6.60 2.55
1.50 x 10 54 211  10.80 12.90 3.45 35.60 10.40 3.24 17.30 7.95 2.95
1.99 x 10¥ 57 232  13.00 14.90 3.95 43.60 12.10 3.73 21.20 9.37 3.12
2.58 x 1013 60 257  15.20 16.90 4.46 51.20 13.80 4.22 24.90 10.80 3.88
3.44 x 108 65 296 17.70 19.70 5.22 59.60 16.20 4.93 28.90 12.50 4.53
4.68 x 1013 72 354  20.40 23.50 6.23 67.70 19.10 5.87 32.60 14.60 5.37
5.96 x 1013 78 421  21.70 26.50 7.08 69.00 21.10 6.63 33.80 15.90 6.02
8.01 x 103 89 548  22.10 31.20 8.48 69.80 23.80 7.82 34.70 17.20 6.95
9.83 x 10 100 683  23.20 35.30 9.78 69.80 25.40 8.83 36.00 17.50 7.64
1.30 x 10" 120 990  25.50 40.30 11.80 70.80 26.50 10.10 38.20 18.10 8.20
4.66 x 10'* 40 127  0.463 2.21 0.764 1.70 1.18 0.603 1.04 0.830 0.505
6.61 x 10'' 40 130 0.649 2.67 0.873 2.29 1.50 0.721 1.36 1.04 0.605
8.79 x 101 41 134  0.943 3.30 1.09 3.05 1.71 0.842 1.42 1.29 0.723
1.20 x 102 42 137 1.32 3.77 1.19 3.98 2.32 1.01 2.21 1.59 0.854
1.47 x 102 42 140 1.70 4.76 1.36 5.09 2.84 1.19 2.66 1.87 0.937
2.00 x 1012 43 144 2.00 4.85 1.65 6.41 3.29 1.30 3.40 2.28 1.12
2.67 x 1012 44 149 2.66 5.66 1.81 7.99 3.79 1.43 4.18 2.65 1.31
3.51 x 1012 45 154 3.48 6.49 1.91 11.30 4.58 1.64 5.20 3.17 1.45
4.54 x 1012 46 161 4.20 7.32 2.11 15.80 5.31 1.92 6.56 3.81 1.69
6.25 x 1012 48 170 5.58 8.64 2.44 17.90 6.49 2.24 8.65 4.74 1.99
B}iOT5 ?E}X 8.38 x 1012 49 181 6.94 9.74 2.69 23.10 7.53 2.52 11.20 5.61 2.27
1.10 x 10" 51 193 8.58 12.00 3.06 28.80 8.80 2.86 13.80 6.65 2.68
1.50 x 10¥* 54 211  10.90 13.20 3.50 35.70 10.80 3.29 17.40 7.98 2.97
1.99 x 108 57 232 13.10 15.10 3.98 43.70 12.60 3.77 21.30 9.40 3.45
2.58 x 1013 60 257  15.30 17.00 4.48 51.30 14.00 4.24 25.00 11.10 3.90
3.44 x 108 65 296 17.70 19.90 5.25 59.70 16.40 4.95 28.90 12.70 4.55
4.68 x 1013 72 354  20.50 23.70 6.25 67.70 19.30 5.89 32.70 14.70 5.38
596 x 103 78 421  21.80 26.70 7.10 69.00 21.30 6.65 33.80 16.00 6.03
8.01 x 10 89 548  22.10 31.30 8.49 69.80 23.90 7.83 34.70 17.30 6.96
9.83 x 103 100 683  23.20 35.40 9.79 70.30 25.50 8.85 36.10 17.70 7.65
1.30 x 10" 120 990  25.50 40.30 11.80 70.80 25.50 10.10 28.20 18.10 8.20
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Fig. 4. Relationship of ¢ to p, T and @ in the inner crust
for magnetar: (a) The conductivity due to electron-phonon
scattering; (b) the conductivity due to electron-impurity
scattering. The EOS of BBP model is used.

as, _ap,
dt  dt
5 . —eZat
-5. 4C )\]7%12 An-ll(nRﬂ;m)eﬁ CcoS 9,
o z
ap, _an,
bt dt
9 . —2apt
_ _B. nxc )\n Anjl(nnx)e 41w>1\%2 sinf.

8o R — TR?
(26)

WEGRERE R AL ] R, w] AT R 20k
PEATAG S

-1 dB, Jt
L,=—| B, —P%
P/t 41t/v Py

Hrh dV = 4n2dr, R, = 0.98 km. BERERTR E
B F PR 3 P 32 S

dv, (27)

Lp=Ly+ L~ L. (28)

WepE— MR SR B,(0) = 2.0 x 10Y G,

THE T R A8 R RRERE R, #5345 R 9 7E
x4,

B0 =8.75x10* s~ fll o = 2.52 x 10** s~ 43
SHCATT A (22), (23), (26), (27) H, FBU{EA
7 AR BFE B,(0) = 3.0 x 10% G fil B,(0) =
5.0 x 101 G WFMEN T B,, dB,/dt, L, B;, dB,/dt,
L A Ly B[R 22 4k, Wil 5 frzs. i &5 AT LA
Bilh, B, Fl B, # IR 25 [T G715 e AR R o AR
LR,

4 Epg B o0tk

4.1 HEERERRERER X HENAE

M McGill @EEEdEMYE (http: //www.physics.
mcgill.ca/~pulsar/magnetar /main.html) -, A DX
FRA 29 Piwg B K& H A ki, Ho 22 J0kC
CXOU J164710.2-455216 (455 CXOU J164710),
CXOU J0100430.1-721134 (475 CXOU J01004),
1IRXS J170849.0-400910 (45 1RXS J170849),
1E 22594586, 1E 1048.1-5937, 1E 1841-045, 4U
0142+61, SGR 041845729, SGR 052666, SGR
1900414, SGR 180620, 1E 1547.0-5408, XTE
J1810-197, CXOU J171405.7-381031 (475 CXOU
J171405), SGR. 162741, Swift J1822-1606, Swift
J1834.9-0864, SGR. J1745-2900, PSRJ1622-4950,
PSR J1846 —025, # 7% il AX J1845.0 -0258 [
3XMM J185246.6+003377 (45 3XMM J185246),
ENMEAR X HENT. B4R 7s 89 XL
B IR AX J1845.0-0300, 5 #Fr & st i G29.6+
0.1 MM, X SFRSEERAR, Sk icik, R ErIfE
SR X G kep 2 7. SR, BT AR
FE 0 JE I S EUE, A ATTTCTE 6 FLE i g 0 R 3k
FFVEAG. IR AX J1845.0-0258 MYREIZH AR | liekk
RE 1 2 5 B X-IRE 2RO BE 19 OC R R R IE
3XMM J185246 [Wfigk% 8] P = 11.5587 s, J& 1]
SR EFR P < 1.4 x 10713 71 fRGE — 2 LK)
AR i ShAC AL 25 AR BE 37 1) - FR By < 4.6 x
10 G KJiefh iR LR L, < 4.75 x 10% erg/s,
R 5 ARl Kes 73 WPy, 48 Hr A 5tk
(supernova remnant, SNR) 4F-#} rong = 4.4 ka—
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#4 % B,0) =20 x 10 GH B, dB,/dt, L,, B,, dB,/dt, L, Fl Ly HIFBE (BE — A S5 B bk iR M =
1.45Mg, R = 11.77 km, R. = 0.98 km, X & I = 1470 Fl p=1.676; £k b F T 2 3 40 40 9 xF 1 &

o =8.75x10% s fllo = 2.52 x 1024 s71)

Table 4. Partial values of B,, dB,/dt, L,, B, dB;/dt, L; and Ly when B,(0) = 2.0 x 10" G. Here we assume a medium-
mass magnetar M = 1.45Mq, R = 11.77 km, R, = 0.97 km, corresponding to I = 1.471;; and p = 1.676 , respectively. The
top and bottom parts correspond to o = 8.75 x 1024 s—! and o = 2.52 x 1024 s~! | respectively.

ofst t/a B, /G dB,/dt /G-at Ly [ergs’ B /G dB,/dt /Ga' Lifergs' Lp/ergs’!
5.0 x 102 1.995 x 10" -5.92 x 10° 1.57 x 103 1.965 x 10  —5.84 x 101  6.28 x 10% 6.44 x 10%

2.0 x 10 1.981 x 10" —-4.65 x 10° 1.15 x 103 1.953 x 106 —4.58 x 101 459 x 10% 4.70 x 10%

875 x 10% 2.0 x 10* 1.954 x 101 1.37 x 108 3.61 x 10%  1.927 x 10% 1.35 x 10 1.44 x 10%® 1.48 x 10%
2.0 x 10° 1.844 x 10 -5.91 x 108 1.63 x 10% 1.818 x 100  —5.84 x 101  6.52 x 10** 6.68 x 10

2.0 x 105 1.373 x 10 -8.61 x 107 1.56 x 10%* 1.354 x 100 8.48 x 108 6.24 x 10%  6.40 x 10%

2.0 x 10" 6.865 x 10" —4.36 x 107 7.85 x 103 6.772 x 10" -4.29 x 108 3.14 x 10%  3.22 x 10%

5.0 x 102 1.990 x 10 -1.51 x 1010 3.98 x 103 1.96 x 10'¢ —-1.49 x 10" 1.59 x 10% 1.63 x 10%

2.0 x 10 1.977 x 10" -5.43 x 1010 1.65 x 103 1.95 x 10'6 -5.36 x 10  6.61 x 10 6.77 x 10%

052 x 1024 2.0 x 10* 1.931 x 10 1.86 x 10° 4.74 x 10%  1.905 x 10'6 1.83 x 10! 1.90 x 10%® 1.94 x 10%
2.0 x 10° 1.745 x 10" -7.21 x 10° 1.69 x 10% 1.721 x 10  -7.11 x 101  6.76 x 103 6.93 x 10*

2.0 x 106 8.712 x 10" 3.87 x 10° 4.46 x 10%  8.592 x 10% 3.82 x 1010 1.78 x 10" 1.83 x 10*

2.0 x 107 2.749 x 108 -1.33 x 107 4.82 x 10*  2.711 x 104 -1.31 x 10% 1.93 x 10°"  1.98 x 103

A47ka, THORE TR XHLOLE ERN:
L < 4.0 x 10%0 erg/s*S. W] b #G 37 v] LAk B 5
SGR 0418-5729 AH[7], A&l SGR 0418-5729
— A, B TR AROGEE L R X SR
(X TR AT IRTE NS T B, B A B AR B
MIE). 7R3 5, ZFRIKRUCN: T84 A # A 1)
(P). A EWI S (P) B4R (7. = P/2P).
ELSAEIR A TR T RRCER R (A0 SNR ., K BT
NFra  KREEER AKX, K NETFRE B
TR L) | SEBRAERIE 712 R X RO | i
FEREPIR. B AR AR B BN RIS (B
A ) %% 3l 2 B AE BT AL A7 0 B ) G A I
SNR H4FERE . AT B IEAR IO . 16
BT A g 0 ) R RS FNAR I 5 B 2% SNR M i
http://www.physics.umanitoba.ca/snr/SNRcat/.
POV ) R BB X R EOLRE R AR At 1 4L B
(4 2% 1] [ PR R X PO RE, i A TG 5
LY = 4nD*(Fe)4, (29)
Horpr DIJZ IR BBk BE B, Feo S8 L 2 1 1
X RIS, BIE kT~0.5—10 keV (1 eV = 1.602 x
10719 J) 3 il N B0 1 B2 B A B WSOk X A 2
). R RE AR R RE SN
Lot = 1020 = 42 IVV = —4x*1PP~3, (30)
Hrb QR MEE, 0& QWSEL v=0/2n A

R, R R TMA S804, BUh 45 B 1)
FHE M= 1.45Mg, XJh I = 1.45(2) x 10* g - cm?.

A5 (30) =X, AT TR Lo (H, K
10 Pimg B AOGERCR N, Lk > LY. SGR
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K 5 WEREEGI R NEEEL  (a) 76 o = 1AW BEY B, BEETE ¢ 19784k (b) 1E o = 1AM #E 3% B, Bl ] ¢ (928 1k ;
(c) 1 z = 1 bW IM RE A ZEWR A B, /de, BERTIR] ¢ 9751k (d) 78 o = 1 b MR FEWR dB,/de, BiHtE] ¢ 19781k (e) BAkREIA I
Re & IR L, BT (] ¢ 092840 (e) PRI BE 3% 1Y e & R L B BT[] ¢ 09454k ; 7 (a)— (f) 1 A 20 6 6 2065 19 2k 43 ) 3R
0 =252x10%* s flo = 8.75 x 1024 s~!

Fig. 5. Numerical fitting of Ohmic decay for magnetars: (a) The poloidal magnetic field, B,, as a function of ¢ at z = 1; (b) the tor-
oidal magnetic field, B;, as a function of ¢ when at z = 1; (c) the poloidal magnetic field decay rate, dB,/dt, as a function of ¢t when
at x = 1; (d) the toroidal field decay rate, dB;/dt, as a function of ¢ when at x = 1; (e) the poloidal field energy decay rate, L, as a
function of ¢ (f) the toroidal filed energy decay rate, L;, as a function of ¢ The red and blue lines in (a)-(f) indicate
0 =252x10%*s7! and o = 8.75 x 1024 s~ respectively.
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{EJEARD B B TR Y L2 - Lo FIZRIERLS . S FoR TP X LA IR R 2 909 CCOFER

ik [88, 89] X 45 filh S E N BUHE KAKIY LS - Loy 1) 8 ML B KA P25 SR H STk [89]45 i i

KFRZHAT TS, K 6 P, N LY = 103 Lo AT RIS 5 R B R 4k R4
7E 6 1, Radio PSR %755 160 i3 1) 4} FEAFSCHR [88] 25 Y 2250 24050
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Table 5.  The persistent timing, ages and emission characteristics for 22 magnetars with observed soft X-ray flux.
Source P/s P /10" st 7 /ka Age Est/ka Associa. Method L§P /erg-s? Ly [ergs? Refs.
SGR 0418+5729 9.07839  0.0004(1) 36000 550 SMC REPEAL 9.60 x 102 3.1 x 10%  [46,48,49]
1E 2259+586  6.97904  0.04837  230.0  10—20 SNR CTB109  SNRAE# 1.70 x 103 7.37 x 103  [50—52]
4U 0142+61  8.68870 0.2022(4)  68.0 68.0 SMC FHIEAF#4 1.05 x 10 1.85 x 103 [49,50,53]
CXOU J164710  10.61 <0.04  >420.0 =420 Cluster Wdl FFFAERY 4.50 x 103 <1.88 x 103! [54,55]
1E 1048-5937  6.45787  2.250 4.5 4.5 GSH 288.3-0.5-28 FFAF4FHE 4.90 x 103 4.65 x 103 [56—58]
CXOU J010043  8.02039  1.88(8) 6.8 6.8 SMC FFFAERY 6.50 x 103 2.33 x 105 [49,59]
1IRXS J170849 11.00502 1.9455(13) 9.0 9.0 MC 13A FRIEARHS 4.20 x 103 7.37 x 10%2  [50,55]
1E 1841-045  11.78898 4.092(15) 4.70  0.5—1.0 SNR Kes73 SNRAFEHY 1.84 x 10%  1.47 x 105 [50,60]
SCR 0501+4516 5.76206  0.594(2)  16.00 46 SNR HB9 SNRAF#Y 8.10 x 10%2 1.85 x 10%  [61—63]
SGR 0526-66  8.054(2)  3.8(1)  3.400 4.8 SNR N49 SNRAFEHY 1.89 x 10%  4.22 x 105 [64,65]
SGR 1900+14  5.19987  9.2(4)  0.900 3.98—7.9 Massive star Cluster HAT4FEY 9.00 x 103 3.79 x 10%  [66—68)
SGR 1806-20  7.54773  49.5000  0.240 0.63—1.0 W31, MC13A HATHER 1.63 x 10%  6.68 x 103 [68,69]
XTE J1810-197 5.54035  0.777(3) 11 11 W31, MC13A  FREARIS 4.3 x 103 2.93 x 10%  [69,70]
IE 1547-5408  2.07212 4.77 0.69 0.63 SNR (327.24-013 SNRAF# 1.3 x 105 3.11 x 10%  [71,72]
3XXMJ185246  11.5587  <0.014 >1300 57 SNR Kes 79 SNRAEHY <4.0 x 10% <4.8 x 10%  [73,74]
CXOU J171405 3.82535 6.40 0.95 5 CTB 37B SNRAEHY 5.6 x 103  6.13 x 103 [45,75]
SGR 1627-41  2.59458  1.9(4) 2.2 5.0 SNR G337.0-0.1  SNRAF#: 3.6 x 10¥  5.87 x 103 [76,77)
Swift J1822-1606 8.43772 0.0021(2) 6300 6300 HII region FFIFAERY <4.0 x 102 2.0 x 103 [78,79]
Swift J1834-0864 2.4823  0.796(12) 4.9 60200 SNR W41 SNRAE#Y <8.4 x 10% 3.1 x 103 [80,81]
PSR J1622-4950 4.326(1)  1.7(1) 4.0 < 6.0 SNR (G33.9+0.0  SNRAF# 4.40 x 1052 1.18 x 10%  [63,82]
SGR J1745-2900 3.7636  1.385(15)  4.30 4.30 Galaxy Center  FFAEAFHE 1.10 x 10%2  1.47 x 103 [83,84]
PSR J1846-0258 0.32657  0.71070  0.73  0.9-4.3 SNR Kes75 SNRAEHY 1.90 x 10% 8.10 x 10%  [49,85]

LY (0.5 — 10 keV) = 103169(L,/Lo) erg-s™" (31)
IR EIZ, Hd Lo = 10338 erg - s, a =
1.03 + 0.27. #Rifi, MIE 6 Hfg B0k A, 3C
ik [88, 89] FHF I LA A5G KH ol 2 AE L -
Lior 2 22 A 23 A0 s 25 K8, Ry X S 4
B, eNEE A B T A TIE A il G
ik, UiBHSCik [88, 89] Il A1 R £ A fE
B L R XS R A R N FE B A T A
S b S R R AR XS AR SRR, BT LA R
e 1) LY < Lyt M 2) L > Lyoy, WHE K X ST2K
HEMEERERFN RIS, FH
ROOT # /4 (https://root.cern/) #1474k H K I |
XFF 12 i R AE S (1) BIRE AL, 155

LY (0.5 — 10 keV)
—1

(32)
2) Bt 2, 153

—1(33AIEAIL (L, | /7 32-15%2.48) 1.08£0.17 erg s
- IOl

[EIFREHE, X 10 i e AE i
AL

LY (0.5 — 10 keV)
103224136 (Lrot/1033.75i3.71)0-695i0-21 erg - s

(33)

R /HMBE (x2/df ) 0 HCE LA 1 A
FE, PRI E 2 /df BB 1 8. XT (32) F
(33) 2, x2/df BUE 30 8.51/7 F1 7.98/9, X ij
B Y RIA XA IR V& . B LR AT
s, FATEERA R FRIBA

5 HPRE R Y LS2 N Lo WO E 718 R X8,
(32) 5 (33) AL R (W 7). Bz, ML
TUAERIBFSE, FRATRRE R X 54 hm 5 i i B
RGN NSRS, U5 B Z R S50
TAW) A, TR ARG L 00 SRR R N R .
2017 4, Coelho 55 931 FI FH ™ SCRHX 18 14 e e 1 A%
W FALHL S3HT T #E R AE 2—10 keV BB HR X-
SR, AT AR RE BN T
22 Jil SGRs/AXPs Wi’ GE 01 2k 2, A UM
I8 (L Leot < 1) J& THERHERERY K0P B2, EATTRY
By 9 A SGR 050144516, SGR 1627 41,
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Fig. 6. The L;’("—Lmt plot for our magnetars and selected

objects in isotropic heating models.
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Fig. 7. Fitting relationship between the soft X-ray luminos-
ity and rotational energy loss rate of magnetars in the iso-
tropic heating model.

SGR J1745-2900, 1E 1547.0-5408, XTE J1810
197, CXOU J171405, Swift J1834.9 -0864, PSR
J1622-4950 F1 PSR J1846-0258. 7£ L) I JL iR
R =R B LI B A XSk N SR AR X ROt
Ak IEER I RE, DL et Atneny JUBEAS &
M SCHR (93] USSR BRI M SCHF 1A SCHY iR

4.2 WEE X STZ5E 5 0 IN [ #E 35 B BR 48
=T

AT H 2% 12 JURE L R R /N TR X0
LRI RE AL ABUE DI IR 1) R A7 1) RIS A8 T L)
AL R4S 1 Rl B 4K X SRR . A T AR T
12 s B 1) B,(0) fi, FAT51 M Viganod 19 iy
TAE:

1)@ 5l Ak 3h 12 28, I H %R
FIFE /R IR T T EE 50, ViganosF 10 25t b7
RGP A R BT A R, T S s 1T iR
EEAEN Y 40 A UR AU HEAT A . 25 R R, 1YL
SEUUENI ARG | R ALZ Y, 7RI ELe AR A
&, WEA . WA R K i R L P B A
W Z AT LIS BIAR LT b i .

2) it W B AW B,(0) = 10° G EL5E
FErh R AL, #W 8 i 2 (CXOU
J171405, SGR 1900+14, 1E 1048.1 5937, SGR
0526 —66, CXOU J010043, 1RXS J170849, 1E
1841-045, SGR. 1806-20) AE H 1A= i} 5t H A 4%
RILAS 100 G g, #hgtede el X bt
BIERE ~ 10% erg-s 1140,

3) it W AA Y B,~1—5 x 104 G 1Y
R AR, SRR R 9 WiREE (1B
1547.0 -5408, SGR 1627 -41, SGR 0501+4516,
XTE J1810-197, CXOU J164710, 1E 2259586,
4U 0142461, Swift 1822.3-1606, SGR 0418+5729)
T REE A YIRS B,(0) = 3 x 104 G, XFEAI#E
et T LI fr) 280 1 Bt 1) Ak P 2 i Ak X o5

S5 SCHR [25) A4 TR RE DN (R X 5T
SR | R AR P SEBRAFE IR 4 ), FRATZ ) 12
Wi (LY > L ) MIWIIR TG TR S8R, 51254
6. P RN REAEE A IR IR 2 CAT .
WORHPE RN 2 Ak 25 o0 R A8 P B/ N A 45 1)
[P AL, (R X S AL AR = A 2 5
SRR X SO L Z AT B TAUEE
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%6
Table 6.

loss rates less than their soft X-ray luminosities.

12 PR BRI AL /N T X TR0 BE Y B2 A B S AR VR B 7 R e o

The X-ray emission characteristics and magnetic field energy decay rates of 12 magnetars with rotational energy

Source B,(0)/G PLInd. T8%/keV D/kpc FR° Jergss bom® LSS fergs ' Lip fergs'  m2 /% LYy Jergs® P /% Ref.
SCR 0418-57293.0 x 104  — 0.30 2.0 20 x 1010 9.60 x 102 535 x 102 0.31 226 x 102 0.74  [48,49,50]
1E 22594586 5.0 x 10" 3.75(4)  0.37(1)  3.2(2) 141 x 1011 1.70 x 103 6.5(1.0) x 10% 22(6) 1.4(3) x 10% 47(8) [50—52]
CXOU J164710 3.0 x 10" 3.86(22)  0.59(6)  3.9(7)  2.54 x 1011 450 x 102 8.65 x 10% 9 3.62x10% 21 [50,54,95]
3XXMJ185246 3.0 x 10 0.6 7.1 LOX10% 40 x 10%  3.53 x 10 311 x 10% [73,74]
4U 0142461 3.0 x 10%5 3.88(1) 041  36(4) 697x 10  1.0x10% 1.14x10% 15 485 x 10% 37  [50,53,96]
1E1048-5937 1.0 x 10% 3.14(11)  0.56(1) 9.0(1.7) 511 x 101 4.90 x 10% 7.19 x 10% 12 3.08 x 10% 27 [50,57,58]
CXOU J010043 1.0 x 108 — 0.30(2) 62.4(1.6) 140 x 10 650 x 10% 682 x 10% 16  3.22x 10% 34  [50,97]
IRXS J170849 1.0 x 108 2.79(1) 0456  3.8(5) 243 x 101 420 x 10* 7.65 x 10% 9 3.23x10% 21 [50,53,96]
1E1841-045 1.0 x 10 1.9(2)  045(3) 86(1.1) 213 x 101 1.84 x 10% 1.2(2) x 10%  26(4) 5.9(7) x 10% 46(4) [50,98,99]
SGR 0526-66 3.0 x 10% 2.5+0-11 0.44(2) 53.6(1.2) 550 x 10" 1.89 x 10%  2.28 x 10 8§  TILx10% 26  [50,65]
SGR1900+14 3.0 x 10 1.9(1)  047(2) 13.0(1.2) 482 x 1012 9.0 x 10% 2.2(6) x 10%  7(1) 7.8(8) x 10% 19(2)  [50,66]
SGRI806-20 3.0 x 10% 1.6(1)  0.55(7) 8.8(1.6) 1.81 x 102 1.63 x 10% 3.8(4) x 10 7.4(8) 8.9(9) x 10% 26(2)  [50,69]

T aeR o = 2.52 x 1024 s~ &M bR o = 8.75 x 1024 s~ iYffiL; PL Ind. FRFERIEEL

5 T[R9 2 XS 2 o 1 R AR SR T, 403
EWIR IR HE A SEPRAF I, TR AR
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6.

M 6 AT LAA B, il B2 N R 7 h T RO 52
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12 MR, T3 RERERECR I PR 1) B 7 A8
AEREAR LR T RIIRAS P RFEE0 X EARST, & 6
H L TSR SR T AR SO B AR 2000 1
Pk, FATXE Lp BYBIETHIE 5 R 22 NG 7 R A
ARSPRIE A —E Y2257 S TR G2 7]
MRt | SRR TN SR IR RS Fb A —
MIABETE, J35b, T 2PRI BN X RZemmoli
ARt EE BB A A AN RE I, P A2 T i 4
4 L BIE (32 5 2R 8 51)) tiff /e —E B E
P BEAE X R UL T B WIS LI 5 i Y
et LARCERIE 5 T IR ARG, A SRRt 22 4%
PP, LSRR B AT G B 1 R e
L.

F T Wi AR i R R A ARE, 48 R 0 AR
HITE , A — R PR AR B e R eF
i, DR, FUAAR AR 23 AR K B 1 S e i o AR
X LT FATE Lk A X SRR 4 7

(34)

LS Ly
B,

aM\
Lz Lgp ’

Rc?

Hop LS Fom B Sl 51 B ins 3T X 4%
JEEE, GEBIJIEE. a6 nIAL 11 Bim X 4R
SCRERLRL Ly W75 Hl:
Lp ~ 1.26 x 10 —3.84(6) x 10%¢ erg-s~*. (35)
X T R B ke, AR X AR B 4 R B
MRINEAE—E 2 5, AR (34) XA 7
AL 5 R T X 2R A5 e R BT, 4350571
T3 6 5 8 FISE 10 3, K I 12 iR 2 1 n sy
IEE R 102101 WHLS EiE, — B E 1 2
M nFl Ly WO(E, BT =ORAl TR A RO T
(36)
X H o5 4 Stefan-Boltzmann %40, BT 5| h4a#,
LI ) 2 3 TR TR T /N TR 1 AT S50 T, R
FRF: T =Ty(1—ry/R)?, Hirhry = GM /2
LSRR
X% 6 1 (56 4 31) B al B RE B  TEs,
(30 5 I T PR UL G A AL 1) TR 4+ JRAK;
2) AR + B AU BRALG H —RREE; R
HAGHLLE HH—N  F TRLE FN — A BRI
1o P I BE O N /N Y R CE AR (R ~ 01—
3 km), 1 TR X AR Y SRR AR (Res, <
10 km)®911 S6F3 6 TP IRLE R X JHEOET,
B RS BRAE AT R — TR B PR Sk 1 4%
] [ AR (AT THT L 2848 %), — 843 DR [ 45 1]
SN KX B T T RE K IR R BE

nLg = 4nR%0sTy,
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(magnetic spot) " FHIAYHEZ (twisted magneto-
sphere) 10 A XTI B AL LR LL SCEA IR P i i
# (thermal plastic wave heating)!?, £ [n] 5 4
14 X SRR I Y SRR AR Ry 2900 1 TR 2L
ToK, X HRAER/N, TG 0 BRI 2 1
1) [ AR RE R B (T ~ 0.3—1 keV, UL
SCik [15]). LA SGR 041845729 i, A5 i i
& ORI R S i N R Bl R 37 A
WALBIIAIE S K IR, 1% g B B B R ) B (i
Wi B,(0) = 3 x 10" G. X il Al & B 3 BUAE
HR X ks M 1.4 x 10 erg-em 2.5t FFEAIK
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Abstract

Magnetar is a kind of pulsar powered by magnetic field energy. Part of the X-ray luminosities of magnetars
in quiescence have a thermal origin and can be fitted by a blackbody spectrum with temperature k7'~ 0.2—0.6 keV,
much higher than the typical values for rotation-powered pulsars. The observation and theoretical study of
magnetar are one of hot topics in the field of pulsar research. The activity and emission characteristics of
magnetar can be attributed to internal superhigh magnetic field. According to the work of WGW19 and
combining with the equation of state, we first calculate the electric conductivity of the crust under a strong
magnetic field, and then calculate the toroidal magnetic field decay rate and magnetic energy decay rate by
using an eigenvalue equation of toroidal magnetic field decay and considering the effect of general relativity. We
reinvestigate the Lyx-L,., relationship of 22 magnetars with persistent soft X-ray luminosities and obtain two
new fitting formulas on Lx-L,.,. We find that for the magnetars with Ly < L., the soft X-ray radiations may
originate from their rotational energy loss rate, or from magneto-sphere flow and particle wind heating. For the
magnetars with Ly > L., the Ohmic decay of crustal toroidal magnetic fields can provide their observed
isotropic soft X-ray radiation and maintain higher thermal temperature.

As for the initial dipole magnetic fields of magnetars, we mainly refer to the rersearch by Vigano et al.
(Vigano D, Rea N, Pons J A, Perna R, Aguilera D N, Miralles J A 2013 Mon. Not. R. Astron. Soc. 434 123),
because they first proposed the up-dated neutron star magneto-thermal evolution model, which can successfully
explain the X-ray radiation and cooling mechanism of young pulsars including magnetars and high-magnetic
field pulsars. Objectively speaking, as to the decay of toroidal magnetic fields, there are some differences
between our theoretical calculations of magnetic energy release rates and the actual situation of magnetic field
decay in magnetars, this is because the estimate of initial dipolar magnetic field, true age and the thickness of
inner crust of a magnetar are somewhat uncertain. In addition, due to the interstellar-medium’s absorptions to
soft X-ray and the uncertainties of distance estimations, the observed soft X-ray luminosities of magnetars have
certain deviations. With the continuous improvement of observation, equipment and methods, as well as the in-
depth development of theoretical research, our model will be further improved, and the theoretical results are

better accordant with the high-energy observation of magnetars.
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We also discuss other possible anisotropy origins of soft X-ray fluxes of magnetars, such as the formation of
magnetic spots and thermoplastic flow wave heating in the polar cap. Although anisotropic heating mechanisms
are different from Ohmic decay, all of them require that there exist strong toroidal magnetic fields inside a
magnetar. However, the anisotropic heating mechanisms require higher toroidal multipole fields inside a
magnetar (such as magnetic octupole field) and are related to complex Hall drift: these may be our research

subjects in the future.

Keywords: superhigh magnetic field, magnetar, Ohmic decay, luminosity
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