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THE SAMPLE
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Bpole≈6.4×1019√P ṖG

τc=
P

2 Ṗ



  

THE SAMPLE

d ≲500 pc

P ∽ 3 – 11 s

Bdip  ≈ 1013 G

τc ≈ 106 yr

Lx  ≈ 1030-33  erg  s-1
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THE SAMPLE: PULSE PROFILE
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RX J0720.4-3125 RX J1308.6+2127

RX J0420.0-5022



  

THE SAMPLE: SPECTRAL PROPERTIES

X-ray spectra

kTBB ≈ 50-100 eV
broad feature Eline≈0.2-0.8 keV
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          Origin:  1. proton cyclotron resonances
                             2. atomic transitions
                             3. inhomogeneous surface temperature distribution 

Sartori et al. 2012

RX J1856.5-3754



  

ABSORPTION FEATURES
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A Tiengo et al. Nature 500, 2013

1.   CCO 1E 1207.4-5209: Eline ∽ 0.7 , 1.4 keV

2.   PSR J1740+1000: Eline ∽ 0.6 keV

3.   RRAT  PSR J1819-1458: Eline ∽ 1.1 keV

4. Magnetars:

     1RXS J170849-400910 (Eline ∽ 8 keV)  and SGR 1806-20 (Eline ∽ 5 keV)

 

SGR 0418+5729: Eline  ≳ 2 keV    



  

RX J0720.4-3125

P = 8.39 s

Phase averaged spectrum 
shows a broad feature

Eline ∼ 270 eV 

σ ∼ 70 eV

kT
BB 

∼ 85 eV

Haberl et al. 2004
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RX J0720.4-3125

P = 8.39 s

Phase averaged spectrum 
shows a broad feature

Eline ∼ 270 eV 

σ ∼ 70 eV

kT
BB 

∼ 85 eV

Long-term variations 
in timing and spectral 

parameters  

Timing anomalies 
glitch

Haberl et al. 2004
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Van Kerkwijk et al. 2007



  

ANALYSIS: MAY 2nd, 2003 XMM-Newton OBSERVATION
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      red: May 2nd, 2003                                    black: combined spectrum



  

PHASE-RESOLVED SPECTRAL  ANALYSIS

NH = 1.9 x 1020  cm-2

KTBB = 83.0+/-0.1 eV

Eline = 745 -27
+17 eV

σ
line

 = 42 -33 
+51  eV

 
Eqw = 28 -11 

+9  eV

χυ
2 = 0.88 for 89 dof

Significance ∼ 5σ
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Energy (keV) 10.3

red: 0.5-0.7
black: 0.1-0.3



  

SEARCHING FOR THE PHASE-DEPENDENT FEATURE IN ALL XMM-Newton OBS
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SEARCHING FOR THE PHASE-DEPENDENT FEATURE IN ALL XMM-Newton OBS
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F-test probability and 
Eqw as a function of 
time for the phase-

resolved spectra in the  
0.1-0.3 phase range



  

SEARCHING FOR THE PHASE-DEPENDENT FEATURE IN ALL XMM-Newton OBS
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Temporal evolution of BB 
parameters for all the 

phase-averaged spectra

F-test probability and 
Eqw as a function of 
time for the phase-

resolved spectra in the  
0.1-0.3 phase range



  

SEARCHING FOR THE PHASE-DEPENDENT FEATURE IN ALL XMM-Newton OBS

Combined spectrum

Eline = 787-14
+15 eV

Eqw = 26-5
+4 eV

Significance ∼ 6σ
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CONCLUSIONS

1. Discovery of a phase-dependent absorption feature, constant over  ∼ 12 yr

2. Possible origin: proton cyclotron resonant scattering in a magnetic loop

                                                                        Bloop  ≈ 1.8 x 1014 G
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E line=
qBloopℏ

m
1

1+z

B
dip,eq 

≈ 2.5 x 1013 G



  

CONCLUSIONS

1. Discovery of a phase-dependent absorption feature, constant over  ∼ 12 yr

2. Possible origin: proton cyclotron resonant scattering in a magnetic loop

                                                                        Bloop  ≈ 1.8 x 1014 G

A. Borghese                                                  12                                                                           UvA

E line=
qBloop ℏ

m

B
dip,eq 

≈ 2.5 x 1013 G
Thanks for 

your 
attention
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CONCLUSIONS
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Haberl et al. 2004

Phase-dependent 
spectral feature



  

CONCLUSIONS

 - Work in progress 

Same spectral analysis on all the M7

New candidate feature in RX 
J1308.6+2127 

preliminary result

A. Borghese                                                                                                                                 UvA



  

A. Borghese                                                                                                                                 UvA

20 XMM-Newton OBSERVATIONS
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PHASE-RESOLVED SPECTRAL  ANALYSIS: RESULTS
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NORMALIZED ENERGY VS PHASE IMAGE
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LOW-FIELD MAGNETAR SGR 0418+5729

Bdip = 6 x 1012 G

Absorption feature at a phase-dependent energy : Eline  ≳ 2 keV

Proton cyclotron scattering ---> B > 2 x 1014 G

A Tiengo et al. Nature 500, 2013
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