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Timing  behavior  and   variability  indicate the presence 
of   very  dynamic  magnetospheres   with  complex and 
variable  topology   

The phase‐dependent  absorp+on line  in  the  “low‐Pdot 
magnetar”   SGR 0418  supports  the presence  high‐B   
fields  structures  close  to  the  NS  surface    

What ma'ers for the magnetar behavior is  the  
strength of the internal  field   

Conclusions  



Soft Gamma-ray Repeaters  
Discovered in 1979 as transient 
sources of hard X-ray bursts and 
giant flares (GF)  



Anomalous X-ray pulsars  
Identified in the 90’s as a  class of persistent X-ray pulsars 
with no signs of binary companions  and  Lx >> dErot/dt 



“Historically”  two classes of sources: 

•  Soft Gamma-ray Repeaters  
– Have  X-ray counterparts showing all the properties 

of AXPs 
•  Anomalous X-ray pulsars  

– Most of them emitted  “SGR-like” bursts 

We now believe that   
 AXPs = SGRs  = (candidate) magnetars 
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Magnetars emit:   

– “Persistent”  X‐rays    
•  Lx~1035‐36  erg/s  
•   ~0.5‐200 keV 
•  pulsed at few sec  
•  spin‐down  

– short bursts of  so@ gamma‐rays 
•  Lx ~1039‐41 erg/s    
•  kT~30‐40 keV 
•  dura+ons  ~0.1‐1  sec 

– Giant Flares   
•  Lx  > 1044 erg/s 
•  very rare events  (only three observed) 
•  E  ~   few  1046  erg 

Hurley et 
al. 1999 



22  confirmed   AXP/SGR  in  the   Galaxy  and  Magellanic Clouds 



NAME  P (s)  ASSOCIATIONS  RADIO  IR  OPTICAL  X SOFT  X HARD 

CXO J0110‐72  8.0  SMC  P 

4U 0142+61  8.7  D  P  P  P 

1E 1048‐59  6.4  D  P  P  D 

1E 1547‐54  2.1  G327.24‐0.13  P  D  P T  P 

CXO J1647‐45  10.6  Westerlund 1  P T 

RXS 1708‐40  11.0  D?  P  P 

XTE J1810‐197  5.5  P  D  P T 

1E 1841‐045  11.8  Kes 73   D?  P   P 

1E 2259+586  7.0  CTB 109  D  P 

SGR 0501+45  5.7  D  P T  P 

SGR 0526‐66  8  LMC ,  N49  P 

SGR 1627‐41  2.6  P T 

SGR 1806‐20  7.6  Star cluster  T  D  P  D 

SGR 1900+14  5.2  Star cluster  T  D?  P  D 

SGR 0418+57  9.1  P T 

PSR J1622‐49  4.3  SNR ? G333.9+0.0  P  P  P T 

CXO J1714‐38  3.8  CTB 37B  P 

Swil J1822‐16  8.4  P T 

SGR 1833‐08  7.6  P T 

Swil J1834‐08  2.5  W41 ?  P T 

SGR 1745‐29  3.8  Near Galac+c center  P  P T  P 

3XMM 1852  11.6  P T 



Spin periods:   P = 2 – 12 s 



Evidence of B decay from period clustering 



Magneto‐thermal  evolu+onary computa+ons 
(Pons,  Rea,   & C …) 



Spin down:   Pdot ~ 10‐12  ‐10‐10 s/s 

(…with  important 
excep+ons discussed 
later) 



SGR 1833‐0832 
Usually, high  Pdot 
can be detected 
aler a few days of 
phase‐connected 
+ming 



Varia+ons in 
spin‐down rate 
are common in 
AXP/SGR 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Spin‐down rate 
and pulsed‐flux 
varia+ons 

1E1048‐5937 
(Dib et al. 2009) 



Glitches   





Strong  spin‐down  aler (?)  the  giant flare  of  SGR 1900+14 

Woods et al. 1999 



NAME  P (s)  ASSOCIATIONS  RADIO  IR  OPTICAL  X SOFT  X HARD 

CXO J0110‐72  8.0  SMC  P 

4U 0142+61  8.7  D  P  P  P 

1E 1048‐59  6.4  D  P  P  D 

1E 1547‐54  2.1  G327.24‐0.13  P  D  P T  P 

CXO J1647‐45  10.6  Westerlund 1  P T 

RXS 1708‐40  11.0  D?  P  P 

XTE J1810‐197  5.5  P  D  P T 

1E 1841‐045  11.8  Kes 73   D?  P   P 

1E 2259+586  7.0  CTB 109  D  P 

SGR 0501+45  5.7  D  P T  P 

SGR 0526‐66  8  LMC ,  N49  P 

SGR 1627‐41  2.6  P T 

SGR 1806‐20  7.6  Star cluster  T  D  P  D 

SGR 1900+14  5.2  Star cluster  T  D?  P  D 

SGR 0418+57  9.1  P T 

PSR J1622‐49  4.3  SNR ? G333.9+0.0  P  P  P T 

CXO J1714‐38  3.8  CTB 37B  P 

Swil J1822‐16  8.4  P T 

SGR 1833‐08  7.6  P T 

Swil J1834‐08  2.5  W41 ?  P T 

SGR 1745‐29  3.8  Near Galac+c center  P  P T  P 

3XMM 1852  11.6  P T 



Rea & Esposito 
2011 

Most  AXPs/SGRs   are transient  sources  



Bernardini et al. 2011 

MulYple  outbursts  of  1E1547.0‐5408 



SGR 0418+5729: a low‐B  magnetar? 

•  Two BURSTS detected on 2009 June 05 

•  spin PERIOD of 9.1 s (van der Horst et al. 2010) 

•  Apparently all the features of a (transient) SGR 

–  Rapid, large flux increase and decay 
–  Emission of bursts 

–  Sol X‐ray spectrum 

van der Horst et al.2009 

Esposito et al. 2010 





 Pdot = 4 10‐15 s s‐1  (Rea et al. 2013) ⇒  Bdip ≈ 6x1012 G 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Remarkable feature with unique proper+es ! 

•  High sta+s+cal significance   
(>> any other absorp+on line reported in isolated NS) 

•  More than factor  5  varia+on in line energy  (range  ~1‐ 5 keV)  
never seen before for any NS X‐ray line     (e.g. cyclotron lines in accre+ng X‐

ray binaries) 

•  Persisted for ~ two months (at least) 

We interprete it as  a  proton cyclotron 
line in a field of B  ≈ (1‐10) 1014 G  

(to be compared to   B  ≈ 6 1012 G   
inferred  from  P and Pdot)  



– PROTON CYCLOTRON: 
•  Ecycl,p= 0.6 B14 keV ⇒ B ~ (2‐20) x 1014 G  ⇒ MAGNETAR field 
• We need a STRONGLY VARIABLE B, that might vary:  

 along the SURFACE (small‐scale mul+polar B components)     

OR 

 along a VERTICAL plasma structure (coronal loop analogy; e.g., 
Beloborodov & Thompson 2007; Masada et al. 2010)  

InterpretaYon within magnetar model 



– PROTON CYCLOTRON: 
•  Ecycl,p= 0.6 B14 keV ⇒ B ~ (2‐20) x 1014 G  ⇒ MAGNETAR field 
• We need a STRONGLY VARIABLE B, that might vary:  

 along the SURFACE (small‐scale mul+polar B components)     

OR 

 along a VERTICAL plasma structure (coronal loop analogy; e.g., 
Beloborodov & Thompson 2007; Masada et al. 2010)  

InterpretaYon within magnetar model 



– PROTON CYCLOTRON: 
•  Ecycl,p= 0.6 B14 keV ⇒ B ~ (2‐20) x 1014 G  ⇒ MAGNETAR field 
• We need a STRONGLY VARIABLE B, that might vary:  

 along the SURFACE (small‐scale mul+polar B components)     

OR 

 along a VERTICAL plasma structure (coronal loop analogy; e.g., 
Beloborodov & Thompson 2007; Masada et al. 2010)  

InterpretaYon within magnetar model 



– PROTON CYCLOTRON: 
•  Ecycl,p= 0.6 B14 keV ⇒ B ~ (2‐20) x 1014 G  ⇒ MAGNETAR field 
• We need a STRONGLY VARIABLE B, that might vary:  

 along the SURFACE (small‐scale mul+polar B components)     

OR 

 along a VERTICAL plasma structure (coronal loop analogy; e.g., 
Beloborodov & Thompson 2007; Masada et al. 2010)  

InterpretaYon within magnetar model 



Timing  behavior    (Pdot varia+ons, glitches, etc…)    and   
variability  (flux, spectra, pulse shapes) point to  very  dynamic  
magnetospheres   with  complex and variable  topology   

What maters for the magnetar behavior is  the  strength of the 
internal  field   

The phase‐dependent  absorp+on line  in  the  “low‐Pdot 
magnetar”   SGR 0418  supports  the presence  high‐B   fields  
structures  close  to  the  NS  surface    



FOUR FINAL REMARKS 
1.  RELEVANCE FOR GRBs: 

Do magnetar exist ?   YES 
Do millesecond magnetar exist ?   MAYBE  

2.  VARIETY 

Distribu+on of ini+al parameters / age / birth mechanism 

3.  TIMING “IRREGULARITIES”  and  RADIATIVE  CHANGES 

What causes what ? 

4.  HOW TO PROGRESS    
Variability 


