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1. what is the “Magnetar”?
AXP: Anomalous X-ray Pulsars
SGR: Soft Gamma-ray Repeaters
¢! Radio Pulsars; X-ray Pulsars
12, AXPAA! & MLNASER
3. AXP #95F &L

4. “Magnetar” or “Quarcstar’
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"S5 Basic observations: AXP

& ¢ spin periods P: 6--12 s

o e P, .~ 10013 10107 s/s

| ¢Large timing noise

| ¢ E< Lx

a ¢ spin down time scales: 103—10°5 yr
¢ very soft X--ray spectra

¢ lack of bright optical counter parts
¢ SNR

Mereghetti, et al. astroph/0205122
7-29-2009



s Basic observations: SGR

¢ super-outbursts = 10%*reg/s
(low-energy gamma-ray and X-ray bursts)

¢ Observations for AXP:
e Spin periods P: 5--8s

Y~

oP, . ™~ 10 -13 to 107! s/s

e Large timing noise

¢ Edot<LX

e soft X--ray spectra

e secular spin down on time scales: 103—10° yr
e lack of bright optical counter parts

e SNR

Mereghetti, et al. astroph/0205122
7-29-2009



S Comparison: Radio Pulsars/X-ray pulsars

a Radio Pulsars: 0.0014s-8.5s
aPulsars in HMXB: 0.069s--1400s
A SGR: 55--8s

A AXP: 6s---12S

7-29-2009



Comparison

|| aPeriods
| | aEnergy source

L & Magnetic field strength
a Pulse profile & P(t)
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& AXP: L /E,
Marsden et al. 2000. Mereghetti et al. 2002, Xue et al.2003
- Source F P Ly E 1 B
H Name (s) (107" Hsfs)  (10%ergs/s) (10%ergs/s) (L./E) (10" G)
22594586  6.98  (.0488 1.0 0.057 1754 0.59
| \ 1841-045 11.77  4.16 2.3 1.0 230 7.1
% 048.1-5937 645 1540  0.34 2.2-5.9 58154 3.1-5.1
?_ 0142-+61 8.60  0.198 0.33 0.12 275 1.3
7 1708-4009  11.00 1.9 6.8 0.57 1193 4.6
1845-0258*  6.97  0.13-02  0.74 0.15-0.24 308-493 0.96-1.2
1838-0301% 545 - 3.0 — - -
0720-3125¢ 8390 ~ 03 ~ 0.0005 ~ 0.2 0.25 ~ 1.6
dE ey’ dE M= rot 2 B ( 3IC )1/2( dP)l/Z ~3.2X10196(Pﬂ3)1/2
dt dt 87°R° dt



SENTIAL SGR PROPER

IES

i
i 0k S
: : 1-10 keV Gauss
B | TN P P luminosity N
‘. Flare? 3c®IPp
i | S s/s erg/s (W}
| Dec 27 110 35
? | SGR1806-20 o 7.46 10 2x10 B 10M
1 Aug 27 o y
y SGR1900+14 oo 5.16 10 3x10 585 10M
’ SGR0525-66 Mar 5 8 ~7x10™1 10% 7x10%
1979
SGR1627-41 No 2.6 1.2x101 10%° 2x10%
SGR0501+45 No 5.8 5x1072 10% 104
1E1547-5408* No 2.1 2.3x101 10% 2.2x10%

*Initialli2eFo0ght to be an AXP




R

X-ray emission of Pulsars

PSR J 7 (kyr) Total L, (erg/s) Pulsed L., (erg/s) E (erg/s) L./E
0534-2200 1.3 1 1036 1 1036 4 1038 2.5 1073
0540-6919 1.7 1.6 1036 1.6 1038 1 102
1513-5908 1.5 2 1034 2 1034 1.6 1037 1.25 103
0835-4510 11.2 4 1032 4 1031 6.3 1036 6.3 10—°
195243252 107.1 1.6 1033 6.3 1032 4 1036 4 104
1709-4428 17.4 1.6 1032 3.2 103¢ 5 10—"7
2337+6151  40.7 1.2 1033 6.3 1034 2 102
065941414 109.6 6.3 1032 1 1032 4 1034 0.016
1803-2137 15.8 1 1033 2 103¢ 0.5 103
222946114 10.0 5 1033 2 1037 2.5 104
0953+0755 1.7 10* 7.9 1029 5 1032 1.58 103
0826 +2637 4.9 103 1 103° 4 1032 2.5 103

7-29-2009



55 38 R AR A

L

Source | P p Ly E 7 B
(s) (s/5) (er8%/S) | (ergs/s) | (L,/F) (G)

Radio | 0.00156- ~105 [ ~10%3 | ~1071% [ 0.0001-01 | ~10%13

PSRs | 8.51

SGRs | 5.16-8.1 ~1011 [ ~10% | ~107 1-100 ~(5.7-8)
x 1014

AXPs |545-11.77 | ~101T [~10% [ ~10% 10-1000 ~(0.59-
7.1)x 104

CCOs |0.012-0.424 | ~1013 [ ~10% [~1097 [0.0001-0.1 | ~(1.7-
3.4)x1012

DTNs | 5.16-22.69 | ~1011 [ ~103 [~103 [ 0.001-0.1 ~(1.9-
5.3)x10

Lyne & Smith 1998, Marsden et al. 2000+

Mereghetti et al. 2002, Guseinov et al. 2002, Xue et al.2003

AXPs : the Anomalous X-ray Pulsars so-called (), (), the

SGRs : Soft Gamma-ray Repeaters

CCOs : the Compact Central Objects in supernova remnants (SNRs) and

DTNs :

the Dim Thermal Neutron Stars




MAGNETARS COMPARED TO OTHER NS: |5_|:> DIAGRAM
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1. what is the “Magnetar”?
AXP: Anomalous X-ray Pulsars
SGR: Soft Gamma-ray Repeaters
§{ Radio Pulsars; X-ray Pulsars
12, AXPARR & LA TE
3. AXP &5 s AL

4. ““Magnetar” or “Quarcstar’
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AXP: Two Models

Magnetar

Fallback Disk



o

1. RREL
112, magnetar
13, Quark star

4. “Magnetar” or “Quarcstar’
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Comparison: Radio Pulsars/X-ray pulsars---- Pulse profiles
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(1) B,,=1.8,
Mg 4ot = © @10728 g /s

(2) By, = 2.8,
Mj 4ot =1 ©10728 g /s

(3) B, =5.5,
Mg 4ot = © @10727 g /s
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Eksi & Alpar,astroph/0309029
7-29-2009
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Magnetars & Disks

Table 1.  Observational Constraints
Constraint Value Magnetars Disks
Spin Period Distribution Clustered around 5-10 s No Yes
Spin-Down Rates & Ages P/2P # SNR Age No Yes
Braking Indices +3 No Yes
Spin-Down Noise Larger than in Pulsars 77 Yes
. Located in Dense ISM Opposite than tfor Pulsars No Yes
Visibility of Accretion Disk Very small if at all Yes 77
Number of Objects ~10 77 Yes
Normal Burst Energy ~ 10Hergs Yes Yes
Super Burst Energy ~ 10*ergs Yes Yes
Burst Durations ~ 0.2s Yes Yes
Abrupt Changes in P AP/P ~1 No Yes
Change in Pulse Profile Simplified at Superburst  Yes 77

Mereghetti et al.02

7-29-2009
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Spectrum line of AXP

Table 1. The AXPs and their associated SNRs

SOURCE P p SNR P/2pP B®  SNR age LY D)
(s) (ss) (years) (Gauss) (kyr) (ergs™')  (kpc)
1E 22594586 6.98 48 x107%  (G109.1-01 227,000  61x 10"  3-17 10% 4
(CTB 109)
1E 1048.1-5937  6.45  (1.5-4)x107" - (3-7)x10° 3.2x 10" - 3.4 x 10% 5
AU 0142461 869  1.98x 107 - 70,000 1.4 % 10" - 3.3 x 10* 1

1RXS J1708—4009 0 19x107! - 9,200 4.8 x 101 - 6.8 x 10% 8
1E 1841045 1177 416 x 107 G 2T IT0: 4,500 7.3 x 10 53 2.3 x 10% 7




L
B

Compact Central Objects in SNRs

SOURCE P P Ly KTgg d  Comments

() (s57) (erg ™) (keV)  (kpc) and references
RX J0822-4300 - - 47 x 10% 0.38 2 in Puppis A (2,9,10)
AX J0851.9-4617.4 - - 9.1 x 10% 0.4 2 inG266.1-1.2 (2,11,12)
1E 1207.4-5209 0424 (271 x 107 9.5 x 10* 027 21 inG296.5+10 (2,13,14)

1E 161348-5055.1 \ (21-100)x10% 06 33 mRCW 103 (2,1)
(X0 J232327.84584842 - 3.4 x 10% 0.7 34 in Cas A (2.16.17.18)
Line: 0.7, 1.4 and 2.1 keV(Bignami et al.Nature,2003)

RX J0420.0-~ Electron: B ;,4=3 X 10%G,(Xu et al.2003)

RX J0720.4-
RY Jos6.4. Proton: B=1.6 x 10'* G (Sanwal et al. 2002)

RX J1308.8+2127 5.6 (L3507 x 107" 51x 107 0118 0.1 RBS 1223 (3.22.2)
RX J oo 4 aa2l A nnn o e oo
RX J

) B_12=E(kev)(1+2)/11.6 m/m_e

1RXS JLL1FJIUY | TUYYTLT - 1.1 A 1U U.JJu 1w Lt \L;U}




N Test of observations

NS: different B

B: 0bS. 2(sanwal et al. 2002; Xu et al.2002)

Disk: precession?Qiao et al,2003)
a NS or Strange star ?

SGR: disk+cloud (xu etal.2001)



ELA 52 FE 3 6 5w BRoF 2

|+ PSR B0154+61 (B= 2.1X10"13 G)
|+ PSR J1119-6127 (B= 4.4X10"13 G)
|+ PSR J1814_1744, B (5.5X10"13 G)
‘¥« PSR J1847-0130 (B = 9.4X10"13 G),

X-ray emission was much lower than
those of known AXPs

7-29-2009



&
-
. 4

e § i
Spin period, P(S). ......covvvnn..,

.

Period derivative,P...............

Surface magnetic field, B (Gauss) ..
Characteristic age, 7. (kyr)........

- Spin-down luminosity, £ (ergs™') ..

Braking index,n..................
Distance, d (kpc).................
Radio luminosity, Sd° (mJykpc?) . .
Galactic longitude, / (deg).........
Galactic latitude, b (deg) ..........

Pulsars with High-B

PSR J1119-6127 PSR J1314-1744

7-29-2009

0.40763747736(2) __ 3.975831061(3)
4.022602(2) x 107'%  7.4297(6) x 10712

4.1 x 10"° 5.5 % 10"
1.6 83

2.3 x 10°° 4.7 x 10%
2.91(1)
2.4-8 102)

~ 25 ~ 80
292.15 13.02
—0.54 —0.21

Camilo et al.2000,ApJ



PSR (1814-1744)--AXP (2259+586)

Bradio zBAXP
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Table 9.

Pulsars of Type AXP, HE or NR

J2000
Name

Period

(=)

Age

(yr)

B,
(G)

Association

Radio pulsars having high-energy pulsations (Tyvpe HE):

J02054-6449
JO2184-4232
JO43T—4715
BO5314+21
BO540—-69

JO2054+6449
JO215+4232
JO4AT—AT15
JO5344+2200
JOS40—-6919

0.065686
0.002323
0005757
0.033085

0.050551

5.3Te+03
4. The+408
[.59e+00
[.24e+03
|.GTe+03

3.6le+12
4. 200408
H.ale+08
3.78e+12
4.97e412

BO656+414
BOS23+26
B0833—45
BO950+4-05
Bl1046—58
Blo55—-52
J1105—-6107
J1124—-5916
B1509—58
J1617—5055
B1706—44
Bl=00—21
Bls21-24
B1823—-13
J1930+ 1852
B1929410
B19374-21
B1951432
24—3358

J21
J22294+6114

JOGRO4-1414
JORZ26+2637
JO=35—4510

JO953+0755
J1048 —5832
JI05T—5226
J1L1I05=6107

JI513-5905

J1I61T—=5055

L709—4429

JI803—-2137
J1824—2452
JIR26—1334
J19304 1852
J1932+ 1059
.lﬂi‘}—l—)lﬂ
J19524+3252

J2124—-3358

I
I
I
I
|
J
J
I
I
I
I
J
J1124-5916
J
J
I
I
I
I
J
J
I
I
I
I

222946114

0.3=84501
0.530661
0.080325
0.253065
0.123671
0.197105
0.063193
0.135314
0, 150655
0.069357
0102459
0.133617
0.003054
0. 101466
0.136855
0.22651%
0.001555
0.030531
0.004931
0051624

[.1le405
4.92e4-06
L. 13404
L.75e4-07
2.03e+04
5.35e+05
i33e+404
2.8Te403
[.5he+03
8.1 3e+03
L.75he4-04
|.5xe+04
2.9%9e+07
2
2
3
)

-

2. 1de+04
2.59e+403
3. 10e+006
2.35e+05
[.0Te+05
3.580e+09
[0 5e-04

4.66e+12
9.64e+11
3.38e+12
2. 44e+411
3.4%e+12
1.09e+12
L.0le+12
1.02e+13
1.54e+13
3.10e+12
3.12e412
4.28e+412
2.25e4-09
2.7%+12
1.03e+13
H.l8e+11
40908
4.806e+411
3.22e+08
2.03e+4+12

SNR:3C58

SNR:Crab[ccl469]
LSNRAO540—-693

EXGAL:LMC

SNR:Monogem_Ring[thb+03]

SNR:Vela

SNR:G292.0+1.8
SNR:G320.4-1.2

SNR:G343.1-2.3(7)[mop93]
SNR:G8.7—0.1(7)[kw90]

GO:M25

SNR:GH4.140.3

SNR:CTB8O



Optical Observations of AXP

Table 1. The AXPs and their associated SNRs

SOURCE P p SNR p/2P B®@  SNR age LY D©
(s) (ss) (years) (Gauss) (kyr) (ergs™')  (kpc)

1E 22594586 6.95 488 x107% G 109.1-0.1 227,000  6.1x 10"  3-17 10% 4

(CTB 109)

1E 1048.1-5937  6.45 (T-d)x10~ M - (3-7)x10° 3.2x 10" - 3.4 x 10% 5

AU 0142461 8.69  1.98 x 107 70,000 1.4x 10" - 3.3x 10* 1

1RXS J1708—400 . 9 x 1071 - 4.8 x 101 - 6.8 x 10% 8

1E 1841045 1177 416 x 107" G 27.440.0 ) x 10 53 2.3 x 10% 7

(Kes 73)
AX J1845.0-0300  6.97 - G 29.6+0.1
(AXP candidate)

7-29-2009



IR Observations of AXP

Table 1. The AXPs and their associated SNRs

SOURCE P p SNR p/2P B®@  SNR age LY D©
(s) (ss) (years) (Gauss) (kyr) (ergs™')  (kpc)
1E 22594586 6.98 48 x107%  (G109.1-01 227,000  61x 10"  3-17 10% 4
(CTB 109)
1E 1048.1-5937 ww 6.45 (T x 107! - (3-7)x10° 3.2x 10" - 3.4 x 10% 5
AU 0142461 8.69  1.98XtH=L? 70,000 1.4x 10" - 3.3x 10* 1

IRXS J1708—4009 00 Wavs 4.8 x 10™ - 6.8 x 10%° 8

1E 1841—045 11.77 416 x 107" G 27.440.0 3 2.3 x 10% 7

(K oc 72\

AX J1845.0-0300  6.97 - ( 10349 g

(AXP candidate)

7-29-2009



Optical

» pulsations with high pulse fraction (higher than X-rays)
» (wrongly) used as argument against disk models

2 1_{ 5 Iﬂf"m"” “f “‘T' | -ﬂ-U p142.+61‘.1 Li14 V.S Dhillonetal. 4E 1048-59

g - optical
(i’ band) (=

l'l.

E (]
2 5
L=
K =}
8 X-rays ¢
e . ) 1
i) 0.5 1 1.5 2
phase phose
re 2. Tup; pulse pr._-,h]t-5 of 400 0142461 in the ¢ band on 2002 Figure 2 Top: the solid and dotied lines show optical pulse profiles of

stember 12 (solid line), obtained using technique (i) (Section 2.1). The b UL L

S. Mereghetti - Neutron Stars and GRBs 2009 - Cairo



Accretion invoked to explain luminosity:
L« » E and narrow range of spin periods

(van Paradijs et al. 95; Ghosh et al."97;
Corbet et al. '95; Chatterjee et al. '99;

Basic model: like LMXB disk, but no
outer edge, so radiates into IR (Perna et

al."00)

® Ruled out for AXPs & SGRs: observed
O/IR flux (or limits) inconsistent with
disk of size needed to power X-rays

(Hulleman et al.'00,01; Kaplan et al. '01)

Alpar '01; Marsden et al.’01 and others) |

Optical

on . 1om qo o 1o
v (Hz)

Kapla 2009




X-ray emission of Pulsars

PSR J Pulsed log Ly log Ly log L, B SNR Type Ly 10 d D 1

Radiation (exg/s) (erg/s)  (kpe) (pc)

53442200 R,0,Xy 341 17 360 ®6 Cb  F 18 2 35 25
0406019 R,0,X 7 34 %2 82 NBOF 35 500 U 22
8354510 R0y 31 231 326 %8 Ve  C 015 045 2 14
11196127 R 170 %4 G02205 S 015 75 16 29

5135008 RO.Xv 155 125 343 372 RCWSY C 046 42 £ 28
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1.

: 2
Fa »
5

3.

4.

X S &R EFofth £

what Is the “Magnetar”?
AXP: Anomalous X-ray Pulsars
SGR: Soft Gamma-ray Repeaters
Radio Pulsars; X-ray Pulsars

AXPAER! & LA T

AXP #54F v SL)

“Magnetar” or “Quarcstar’

7-29-2009
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' Table 5. Upper limits on radio emission at 1.4 GHz

SOURCE 5o u.l. References
(mJy)
1E 22594586 0.083 Coe et al. (1994)
1E 1048.1—5937 0.07(*)  Israel et al. (2002)
£ 0.13() Crawford et al. (2002)
) 414U 0142+61 0.27 Gaensler et al. (2001)
1IRXS J1708—4009 3 Gaensler et al. (2001)

0.07(*)  TIsrael et al. (2002)
0.22(«) Crawford et al. (2002)

1E 1841—045 0.6 Kriss et al. (1985)
0.07(*)  Israel et al. (2002)
0.25() Crawford et al. (2002)

AX J1845.0—0300 0.07(*)  Israel et al. (2002)
0.13() Crawford et al. (2002)

1 =\



SGR W4 iE

o NIR X-ray Host Progenitor
Counterpart | Counterpart |Counterpart g

SGR1806-20 After gla_nt flare Yes Yes Massive star 48M

(transient) cluster? ©

. i i ?

SGR1900+14 After giant flare No Yes Massive star |Massive Star”

(transient) cluster?
SGR0525-66 No No Yes SNR ?
SGR1627-41 No No Yes CTB33? ?
SGR0501+45 No Maybe Yes SNR? ?
1E1547-5408 Yes Yes Yes SNR ?

7-29-2009




RADIO

IR OPTICAL

CX0J0110-72 |[8.0 [SMC P
AU 0142+61 | 8.7 D P P
1E 1048-59 6.4 D P P
1E1547-54 | 2.1 |G327.24-013| P ®¢N§ PT
CX0J647-45 |10.6 | Westerlund W PT
RXS1708-40 [11.0 D? P
XTE J1810-197 | 5.5 P D PT
1E1841-045 |[11.8 | Kes 73 D? P
AX J1845-02 |7.0 |G29.6+0.1 PT
1E 2259+586 | 7.0 | CTB 109 \q"oﬂ P
SGR0501+45 | 5.7 T D PT
SGR0526-66 |8_ | LMC, NA9 P
SGR 1627-41 2:53){@»\ PT
SGR 1806-20 1.6 Star cluster T D P
SGR 1900+14 |5.2 Star cluster T D? P

S. Mereghetti - Neutron Stars and GRBs 2009 - Cairo




Radio (unpulsed)

- Transient emissionafte (Gan)Fares

1 Seenintwo SGR, but possibly present in al
" Dright lares

S. Mereghetti - Neutron Stars and GRBs 2009 - Cairo
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Radio (pulsed)
e seen in two (transient) AXPs

* absence in other ~10 consistent with beaming

| 1E 1547-54 P=21s
| Camiloet al. 2006 ApJLett
XTE J1810-197 P=5.54s N | 2 |

' GET Spigot, 42 GHz | =1 E- 2R
| Camilo et al 2006 pig ] 15000 :

ou i 3 e g ] 5 ] i i &
" [| Nature -l | i ] ,E:.::- it E-:--_k’*Wﬂﬂh‘#l' i \ﬁ

TII'I'I

Ee.. B
] { "ot
] @ - -'.-H-.-Jw-ﬂ-.-.

F Iz P'I-u.».* H

Time 57

5100 5150
S. Mereghetti - Neutron Stars and GRBs 2009 - Cairo Time =
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j Polarization: AXP J1810-197

Intanzity /Peaition Angle

4850 MWHe

MID 53044
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quantitative comparison is made in Figs 7 and 8.

Intanzity /Pesition Angle

Kramer et al.2007
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Figure 4. Comparison of the average pulse profiles in full polarization observed over several weeks at 4.9 and 8.4 GHz. Total power (black) and linearly (red)
and circularly (green) polarized power are shown together with the measured position angle for each epoch and frequency. The scale of the shown position
angle swing is again identical for all pulse profiles of a given epoch and is presented here only to allow for a comparison of its general shape and extent. A

The polarization : 80-95%



M Transient pulsed radio emission from a
z | agnetar XTE J1810—197 Camilo et al.2006

| | » a point-like radio source of unknown origin one year
«  after the X-ray outburst

P=554024870s == 20 NS on MJD 53855.0
Pdot = (1.016 = 0.001) X 107-11

* remarkable radio pulsations

---sharply modulated at the rotation period
---with peak flux density > 1 Jy and are
---highly linearly polarised,

7-29-2009



8 Transient pulsed radio emission from a
Hagnetar: XTE J1810-197  camioerazoos

| &+ In contrast to ordinary pulsars,

---there Is no evidence of radio activity
prior to the 2003 X-ray outburst, and

---the intrinsic flux varies on short timescales

---flat spectrum, at > 20GHz, the brightest
neutron star known.

7-29-2009
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; B ° no radio activity prior to the 2003 X-ray
{ [ outburst,

 the Intrinsic flux varies on short timescales
o with an approximately flat spectrum ,

¥ . at > 20GHz, is the brightest neutron star
known.

=>a unique opportunity to probe In detail the
dynamic magnetosphere of a neutron star.

7-29-2009



| Transient AXP 1E 1547.05408(PSR J15505418)

i, ]

00 8

Fiuk Denalty (miy) PA. (deg)

-g0o0e 0 10 W O -HLE 0 2 ¢

4

40 60 82060 O u

1.4-8.4 GHz.

B-g006t 0

Flug Denatty (dp) PA {dsg)  Frux Demiity (mjy) P (dee)  Phux Demsify (i5) P (deg)  Flur Dematty fmip} P4 (dep)

nearly 100% linearly polarized
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"8 1 F 1547.0 - 5408

p=2.069 s
p’ = (2.318+0.005)-10"1

1.4GHz: =~ 75% is
pulsed

The variable X-ray
source as a likely
magnetar in G327.24-
0.13, X-ray pulsations
have been detected

Camilo et al., Astrophys.J, 666, 2007



AXP 4U 0142+61

50 - b)

P Aﬂ/vvhﬁW\/V\ﬂ\Jka
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period

111.23 MHz

Malofeev et al. 2009



Main problem

j None of the AXPs and SGRs show the evidence of a
! binary companion : Edot< Lx ?
1

:

The most popular magnetar model of Thompson &
Duncan (1996) proposes the enormous surface
magnetic fields 104 - 101> G and the absence of radio
emission from these objects (Baring & Harding 1998).

Malofeev et al. 2009

7-29-2009
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Acceretion & Magnetar ?
Radiation models?

There 1s radio emission from AXP, SGR and XDINS at
low radio frequencies.

The discovery of radio emission from AXP(Malofeev et
al. 2001, 2005, 2007), SGR (Shitov et al. 2000) together
with the detection of transient pulsed radio emission
from AXP XTE J1810-197, 1E 1547.0 - 5408 (Camilo
et al. 2006, 2007) gives a reason to revise either the
radio emission mechanisms in the “magnetar” model or
the “magnetar” model itself.

Malofeev et al. 2009
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1. what is the “Magnetar”?
AXP: Anomalous X-ray Pulsars
SGR: Soft Gamma-ray Repeaters
§{ Radio Pulsars; X-ray Pulsars
12, AXPAER! & ML 5
3. AXP &5 @ AL

4. “Magnetar” or “Quarcstar’’

7-29-2009
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13 SGR & AXP : Magnetars or Quark Stars?

age Crisis:
- spin-down ages of SGRs << ages of SNR

| I separation crisis
"#  The location of SGRs move with large velocities

energy crisis

Sudden increases In P require jumps in the energy
stored by the magnetic field

Arnon Dar and A. De R ujula/ astro-ph/0002014
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1 3 SGR & AXP : Magnetars or Quark Stars?

Crust Mecrustz 105 Mesun
---10™-4 Msun

“100fm
electric gap






Free precession is not expecteu il

3

case of pinned vortices in super-fl
Interior!

7-29-2009




Fallback Disk
--> precession?

7-29-2009



BB An accretion disk model for periodic timing variations of
@ pulsars (Qiao et al. 2003, A&A407,L.25)

—
—
bl .

7-29-200¢
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