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X 射线脉冲星和磁星

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

2、AXP模型 & 观测检验
3、AXP 的射电观测

4、 “Magnetar” or “Quarcstar”
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Basic observations: AXP

♦ spin periods P:  6-- 12 s
♦ Pdot≈ 10^-13  to 10-11 s/s
♦Large timing noise
♦ Edot< LX

♦spin down time scales: 103—105 yr
♦ very soft X--ray spectra
♦ lack of bright optical counter parts
♦ SNR

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



Basic observations: SGR

♦ super-outbursts 1044reg/s
(low-energy gamma-ray and X-ray bursts)

♦ Observations for AXP:
• spin periods P:  5-- 8 s

• Pdot ≈ 10^-13 to 10-11 s/s

• Large timing noise
• Edot <LX
• soft X--ray spectra
• secular spin down on time scales:  103—105 yr
• lack of bright optical counter parts
• SNR

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



Comparison: Radio Pulsars/X-ray pulsars

♠ Radio Pulsars: 0.0014s-8.5s

♠Pulsars in HMXB: 0.069s--1400s

♠SGR: 5s--8s

♠AXP: 6s---12s
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Comparison

♠Periods
♠Energy source
♠ Magnetic field strength
♠ Pulse profile & P(t)
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AXP:     Lx / Edot

Marsden et al. 2000、Mereghetti et al. 2002, Xue et al.2003
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ESSENTIAL SGR PROPERTIES
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SGR1806-20 Dec 27 
2004 7.46 ~10-10 2x1035  

8x1014 

SGR1900+14 Aug 27 
1998 5.16 ~10-10 3x1034  

2-8x1014 

SGR0525-66 
 

Mar 5 
1979 

8 ~7x10-11 1036 7x1014 

SGR1627-41 No 2.6   1.2x10-11 1035 
 

2x1014 

SGR0501+45 No 5.8      5x10-12 1034 1014 

1E1547-5408* No 2.1      2.3x10-11 1033 2.2x1014 
 

 

*initially thought to be an AXP



X-ray emission of Pulsars
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与其它天体的比较
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MAGNETARS COMPARED TO OTHER NS:              DIAGRAM
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Lx---E_dot

(Guseinov et al. 2002).
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X 射线脉冲星和磁星

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

2、AXP模型 & 观测检验
3、AXP 的射电观测

4、 “Magnetar” or “Quarcstar”
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X-ray Bursts from AXP  1E 1048



AXP模型 & 观测检验

1、吸积模型
2、magnetar
3、Quark star
4、 “Magnetar” or “Quarcstar”
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HMXB X-ray pulsars: P---t diagram
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Comparison: AXP/X-ray pulsars---- Period-t

7-29-2009
AXP(Mereghetti et al.2002) X-ray pulsar(Nagase,F., 1989)



Comparison: Radio Pulsars/X-ray pulsars---- Pulse profiles

1. AXP(Mereghetti et al.02); 
2. X-ray PRS(Nagase,F. 1989); 
3.radio PRS(Manchester,et al.97)7-29-2009



Period evolution of AXPs
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(1) B12 = 1.8 ,  
M0,dot = 5 10^28 g /s

(2) B12 = 2.8, 
M0,dot = 1 10^28 g /s 

(3) B12 = 5.5,
M0,dot = 5 10^27 g /s

(4) B12 = 8, 
M0,dot = 3.2 10^28 g /s

(5) B12 = 6, 
M0,dot = 2 10^27 g /s

Eksi & Alpar,astroph/0309029



Evolutionary tracks in the P-Pdot diagram
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(1) B12 = 1.8,  
M0,dot = 5 10^28 g /s

(2) B12 = 2.8, 
M0,dot = 1 10^28 g /s 

(3) B12 =5.5,
M0,dot = 5 10^27 g /s

(4) B12 = 8, 
M0,dot = 3.2 10^28 g /s

(5) B12 = 6, 
M0,dot = 2 10^27 g /s

Eksi & Alpar,astroph/0309029



Magnetars &  Disks

Mereghetti et al.02
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CYCLOTRON ABSORPTION LINES

Bignami et al. 2003,Nature 423,725



强磁场中的朗道能级
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Spectrum line of AXP
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Line: 8.1 keV(astrph/0302490, 0309402)

electron:B= 9 × 1011 G,

proton: B=1.6 × 1015 G



CCO & DRQNS
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Line: 0 .7, 1.4 and 2.1 keV(Bignami et al.Nature,2003)

Electron: Bp,dp/dt=3×1012G,(Xu et al.2003)

proton: Bl=1.6 × 1014 G (Sanwal et al. 2002)

B_12=E(kev)(1+z)/11.6 m/m_e
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Test of observations

NS: different B

B: obs. ?(Sanwal et al. 2002; Xu et al.2002)

♠ Disk: Observed ?

Near-IR obs. & Opt obs. (Hullemant et al.2000,2002)

Disk: precession?(Qiao et al,2003)

♠ NS or Strange star ?

SGR: disk+cloud (Xu et al.2001)



具有强磁场的射电脉冲星

• 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
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Pulsars with High-B

Camilo et al.2000,ApJ
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PSR(1814-1744)--AXP(2259+586)

Bradio≈BAXP
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Optical Observations of AXP

Opt. Observation
Hulleman,et al. Nature,2002,,(2259)
Hulleman,et al Nature, 2000(0142)
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IR Observations of AXP

IR Observation
astroph/0204233(1708)
astroph/0209599(1048)
Hulleman,et al. ApJ,2001,(2259)
Hulleman,et al 2000(0142)
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Kapla 2009



X-ray emission of Pulsars
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“磁星”的射电观测
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SGR 观测特征

 
Radio 

Counterpart 

 
NIR 

Counterpart 
 

 
X-ray 

Counterpart 
 

Host Progenitor 

SGR1806-20 After giant flare
(transient) Yes Yes Massive star

cluster? 48M
☼

 

SGR1900+14 After giant flare
(transient) No Yes Massive star

cluster? 
Massive Star? 

 

SGR0525-66 No No Yes SNR ? 

SGR1627-41 No No Yes CTB33? ? 

SGR0501+45 No Maybe        Yes SNR? ? 

1E1547-5408 Yes Yes        Yes SNR ? 
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XTE J1810–197 :  a transient AXP( 2003)

P = 5.54 s 
Pdot = 1.016 × 10^-11

Camilo at al. astro-ph/0605429



Polarization: AXP J1810−197 Kramer et al.2007

The polarization : 80–95% 



Transient pulsed radio emission from a 
magnetar: XTE J1810–197 Camilo et al.2006

• a point-like radio source of unknown origin one year
after the X-ray outburst 
P = 5.54024870 s ± 20 ns on MJD 53855.0

Pdot = (1.016 ± 0.001) × 10^-11
D =3.3 kpc

· remarkable radio pulsations
---sharply modulated at the rotation period 
---with peak flux density > 1 Jy and are 
---highly linearly polarised, 
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Transient pulsed radio emission from a 
magnetar: XTE J1810–197 Camilo et al.2006

• 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. 
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与通常的脉冲星比较

• no radio activity prior to the 2003 X-ray 
outburst, 

• the intrinsic flux varies on short timescales 
• 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.
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Transient AXP 1E 1547.05408(PSR J15505418)

1.4–8.4 GHz. 8.4 GHz.

nearly 100% linearly polarized



1E 1547.0 1E 1547.0 -- 54085408

p = 2.069 s
p’ = (2.318±0.005)·10-11

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+61AXP 4U 0142+61

111.23 MHz111.23 MHz Malofeev et al. 2009



Main problemMain problem

7-29-2009

None of the AXPs and SGRs show the evidence of a 
binary companion : Edot< LX ?

The most popular magnetar model of Thompson & 
Duncan (1996) proposes the enormous surface 
magnetic fields 1014 - 1015 G and the absence of radio 
emission from these objects (Baring & Harding 1998).

Malofeev et al. 2009



AcceretionAcceretion & & MagnetarMagnetar ??
Radiation models?Radiation models?

There is 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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SGR & AXP  : Magnetars or Quark Stars?

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

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



SGR & AXP : Magnetars or Quark Stars?

Mcrust≈ 10^-5 Msun

---10^-4 Msun



谢谢！



Free Precession of a Radio PulsarFree Precession of a Radio Pulsar

7-29-2009

BUT: Free precession is not expected in 
case of pinned vortices in super-fluid 
interior!

BUT: BUT: Free precession isFree precession is not expectednot expected in in 
case of pinned vortices in supercase of pinned vortices in super--fluid fluid 
interior!interior!



Fallback Disk 
--> precession?
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An accretion disk model for periodic timing variations of 
pulsars                                         (Qiao et al. 2003, A&A407,L25)
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