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 Off-states  and  X-ray reprocessing : 
Two flavours of X-ray binaries
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To be discussed .......

I. Are low intensity states in IGR J18027-2016       
off-states? ( with Swift)

II. X-ray reprocessing through X-ray eclipses

          ( With XMM Newton )
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What are off-states ? & Causes?
Off states: Intensity falls near/below the  

detection sensitivity of the detecter

Possible Causes:
 

● Transition from accretion regime to inhibition 
regime or propeller regime ( root cause : 

Variable wind density and/ velocity) 
●

● Accretion from low density wind blobs

● Blocking of X-ray emission region by high 
density wind

● Unknown
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The magnetic and centrifugal switches

Accretion radius

Alfven radius

Co-rotation radius

I.  rm > ra IA.  rm > rco IB.  rm < rcoI.  rm > ra M C M CI.  rm > ra

II. rm <  ra IIA. rm > rco M C

IB.  rm < rco

IIB. rm < rco M

M

IIBi.  Ρ <Ρ min IIBii. Ρ > Ρ minC C
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Some familiar off-states
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Off-states in GX 301-2

RXTE/PCA lightcurve (GX 301-2) : 
Gogus  et al. 2010
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Pulse profile : GX 301-2

Pulsation ceases during off-states
Gogus  et al. 2010
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Variation of power-law photon index : GX 
301-2

Increase of power-law photon index during off-states
Gogus  et al. 2010
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Nature of the off-states in GX 301-2 
●  Gradual reduction and disappearance of pulsation  ----> 

Possibly X-ray emitting regions are blocked by wind 
material

● Spectral hardening not observed during dips ----> 
Emiiting regions can not be blocked by wind material 

● GX 301-2 has rapid spin up history (Koh et al. 1997) ---->  
Infalling material can be expelled via the propeller 
effect.

● Cessation of pulsation for 1 spin cycle only ----> The off-
states can not be due to propeller effect

These Off-states could be due to decrease and brief 
Cessation of matter flowing into magnetic poles
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Off-states in Vela x-1

Suzaku XIS   lightcurve (Vela x-1): 
Doroshenko  et al. 2011
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 Vela x-1 with Suzaku 

 Pulse profile  (Vela x-1: On & off states) : 
Doroshenko  et al. 2011
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Nature Off-states in Vela x-1 
●  Pulsation during off-states ----> Emission is 

powered by accretion
● Short timescale of the state transition ----> Off-

states can not be due to sudden drop of wind 
density/velocity  

● Absence of emission lines ----> Off-states are not 
due to eclipse

These Off-states mut have some  magnetospheric origin 
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Off-states in OAO 1657-415 

Suzaku XIS & PIN  lightcurve (OAO 1657-415): 
Pradhan et al. 2015
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Variability in OAO 1657-415 

A: large hardness ratio with large  N H and moderate equivalent width 

         B: hardness ratio is low with low  N H and low equivalent width                   

 C: hardness ratio is high with very large N H and large equivalent width

D: same as B                                                                                         
E: same as B, but flux higher by a factor of 6                                   ∼
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Nature of the Off-state in OAO 1657-415 

 

● large increase in hardness ratio, N H  and equivalent 
width (In segment C) ---->   The neutron star is  
passing through a dense clump of matter

The Off-state is mostly due to the absorption of source 
emission by dense wind clump
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Few low intensity states : Off states ???

Swift BAT & XRT  lightcurveS (IGR J18027-2016): 
Aftab et al. 2016
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Variability in IGR J18027-2016 

Swift XRT  lightcurves and spectra (IGR J18027-2016): 
Aftab et al. 2016
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Variation in low energy absorption

Swift  XRT  spectra (IGR J18027-2016): 
Aftab et al. 2016
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Variation of spectral parameters

Swift  XRT  (IGR J18027-2016):  
Aftab et al. 2016
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Causes of the low intensity 
states/off-states in IGR J18027-

2016 are still unknown.
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   X-ray reprocessing through X-ray eclipses

                ( With XMM Newton )
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  Eclipse does not hide ... ... ... ... ... ...
                   but reveals .........................
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X-ray eclipse and X-ray reprocessing
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DATA ????????
???????

Now  ...............
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 Found with XMM Newton EPIC pn .....
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HMXBs

LMC X-4
Cen X-3
SMC X-1

4U 1538-522
4U 1700-377 

IGR J18027-2016
IGR J16418-4532 
 IGR J16479-4514 
IGR J17252-3616

LMXBs

EXO 0748-676 
MXB 1659-298 

AXJ 1745.6-2901 
XTE J1710-281  

The Sources .........................
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 EPIC pn Lightcurves covering eclipses

4U 1700-377
[OB ID: 0600950101]

Cen X-3
[OB ID: 0111010101] 

LMC X-4
[OB ID: 01428000101]
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Data Treatment !! 

BAT

Epic pn

Out-of-eclipse

Eclipse

4U 1538-522
[OB ID: 0152780201]
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Fe Kα  emission lines  
       

      During eclipse: 12/13             During out-of-eclipse: 5/7
        

        Cen X-3                  (0111010101)                   Cen X-3            (0111010101)

        LMC X-4                 (0142800101)              LMC X-4          (0142800101)

        SMC X-1                 (0011450101)              LMC X-4          (0203500201)

        4U 1700-377          (0600950101)                4U 1700-377     (0083280401)

        4U 1700-377          (0083280401)                4U 1538-522     (0152780201)

        4U 1538-522          (0152780201) 

        IGR J 18027-2016  (0745060401)

        IGR J 16479-4514  (0512180101)

        IGR J 16418-4532  (0679810101)

        IGR J 17252-3616  (0405640201)

        IGR J 17252-3616  (0405640601)

        IGR J 17252-3616  (0405641001)
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4 types ofHMXB spectra (pn) : during and outside eclipse

Aftab & Paul, In preparation

 Counts s¯¹ ke¯¹

LMC X-4
[OB ID: 01428000101]

Cen X-3
[OB ID: 0111010101] 

4U 1538-522
[OB ID: 0152780201]

SMC X-1
[OB ID: 0011450101]
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LMC X-4
[OB ID: 01428000101]

O-O-E: Weak 
Fe Kα line

E: Weak Fe Kα
line

 

 Counts s¯¹ keV¯¹

  

O-O-E: Strong
Fe Kα line

E: Strong Fe 
Kα line 

 

Cen X-3
[OB ID: 0111010101] 
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O-O-E: Weak Fe Kα 
line

E: Strong Fe Kα 
line

  

4U 1538-522
[OB ID: 0152780201]

[OB ID: 0111010101] 

Below 2 keV 
nearly same spectral shape 

SMC X-1
[OB ID: 0011450101]

O-O-E: No Fe  Kα
 line

E: Weak Fe Kα
line

 



  33

Cen X-3: Eclipse vs. Out-of-eclipse

[OB ID: 0152780201]

 Counts s¯¹ keV¯¹[OB ID: 0111010101] 

Γ = 0.21
Flux : 43.60 × 10ˉ¹¹ 

ergs cmˉ² sec ˉ¹
χ² (DOF)= 272.49 (150)

 

Γ = 0.78
Flux : 4.45 × 10ˉ¹¹ 
ergs cmˉ² sec ˉ¹

χ² (DOF)= 250.79 (130)

 

 Fe Kα line flux = 17.25 × 10ˉ4 
photons cmˉ² sec ˉ¹ 
Eqv width: 229.73 eV  

Fe Kα line flux = 0.88 × 10ˉ4 
photons cmˉ² sec ˉ¹ 
Eqv width: 102.40 eV  
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LMC X-4: Eclipse vs. Out-of-eclipse

[OB ID: 01428000101]

Γ = 0.58
Flux : 34.49 × 10ˉ¹¹ 

ergs cmˉ² sec ˉ¹
χ² (DOF)= 192.40 (157) 

 

Γ = 0.11
Flux : 0.11 × 10ˉ¹¹ 
ergs cmˉ² sec ˉ¹

χ² (DOF)= 38.09 (35)

 

 Fe Kα line flux = 3.6 × 10ˉ4

 photons cmˉ² sec ˉ¹ 
Eqv width: 147.81 eV  

Fe Kα line flux = 0.08 × 10ˉ4 
photons cmˉ² sec ˉ¹ 
Eqv width: 663.33 eV  
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4U 1538-522: Eclipse vs. Out-of-eclipse

[OB ID: 0152780201]

Γ = 0.22
Flux : 0.46 × 10ˉ¹¹ 
ergs cmˉ² sec ˉ¹

χ² (DOF)= 178.19 (128)

 

Γ = 0.73
Flux : 13.93 × 10ˉ¹¹ 

ergs cmˉ² sec ˉ¹
χ² (DOF)= 125.59 (125)

 

Fe Kα line flux = 2.43 × 10ˉ4 
photons cmˉ² sec ˉ¹ 
Eqv width: 78.51 eV  

Fe Kα line flux = 0.57 × 10ˉ4 
photons cmˉ² sec ˉ¹ 
Eqv width: 792.38 eV  
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[OB ID: 0011450101]

SMC X-1: Eclipse vs. Out-of-eclipse

Γ = 0.20
Flux : 39.84 × 10ˉ¹¹ 

ergs cmˉ² sec ˉ¹
χ² (DOF)= 198.21 (156)

 

Γ = 0.20
Flux : 0.52 × 10ˉ¹¹ 
ergs cmˉ² sec ˉ¹

χ² (DOF)= 194.10 (147)

 

Fe Kα line flux = 0.08 × 10ˉ4 
photons cmˉ² sec ˉ¹ 
Eqv width: 136.75 eV  
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Fe Kα  emission: Eclipse vs Out-of-eclipse

Eclipse

Largest EqW:      2675.58 eV
IGR J17252-3616 (0405640201)

Smallest EqW:    102.40 eV
Cen X-3 (0111010101) 

Largest Fe Kα emission flux:
 

8.79× 10ˉ4 photons cmˉ² sec ˉ¹
4U 1700-377 (0083280401)

Smallest Fe Kα emission flux: 

0.07× 10ˉ4 photons cmˉ² sec ˉ¹
IGR J16418-4532 (0679810101)

Out-of-eclipse

Largest EqW:   229.73 eV
Cen X-3 (0111010101)

Smallest EqW:     78.51 eV
4U 1538-522 (0152780201) 

Largest Fe Kα emission flux:
 

26.07× 10ˉ4 photons cmˉ² sec ˉ¹
4U 1700-377 (0083280401)

Smallest Fe Kα emission flux: 

1.53× 10ˉ4 photons cmˉ² sec ˉ¹
LMC X-4 (0203500201)

          Flux Ratio: O-O-E/E (8-313)             
 (Min: 4U1700-377,20-02-2001, Max: LMC X-4, 09-09-2003)
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Fe XXV, Fe XXVI emission lines

      Eclipse:

          Cen X-3 (0111010101): Fe XXV, Fe XXVI                      

LMC X-4 (0203500201): Fe XXV                        

                   4U 1700-377 (0600950101): Fe XXV, Fe XXVI                     

                   4U 1538-522 (0152780201): Fe XXV, Fe XXVI                     

              IGR J17252-3616 (0405640201): Fe XXVI                       

   Out-of-Eclipse:

         Cen X-3 (0111010101): Fe XXV, Fe XXVI                      
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Cen X-3: Fe Kα, Fe XXV, Fe XXVI emission lines
     
Eclipse

Out-of-eclipse

× 10ˉ4 photons cmˉ² sec ˉ¹
Emission flux:

   Fe Kα:      102.40            
 Fe XXV:   243.48         
Fe XXVI:  208.29        

EqW: eV        

Emission flux:
× 10ˉ4 photons cmˉ² sec ˉ¹

         Fe Kα :     17.25                                     
         Fe XXV:   11.65                                     
         Fe XXVI:   8.75                                 

 

          Fe Kα :      0.88                                     
          Fe XXV:    2.13                                     
          Fe XXVI:  1.66                                

 

 
EqW: eV        

   Fe Kα:      229.73            
 Fe XXV:   133.44         
Fe XXVI:  125.56        
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LMXB: EXO 0748-676

[OB ID: 0160760401 ] 
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EXO 0748-676: 7 EPIC pn observations
Intesity in the 7 

Observations overlaps 
 

Nearly same emission
 property of the source 

 

Below 5 keV Intesity varies, above
5 keV overlaps 

 

Nearly same harder X-ray 
reprocessing property

variable soft energy reprocessing
 property of the accretion disc
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LMXB spectra (pn) : during and outside eclipse

MXB 1659-298
[OB ID: 0008620701]

AXJ 1745.6-2901
[OB ID: 0762250301]

XTE J1710-281
[OB ID: 0206990401]
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Summary 
 Low intensity states may/may not be off-states

Most of the HMXB environment is rich in neutral Fe atom: except 
SMC X-1

Cen X-3: Most of the neutral/less ionized Fe atoms are along or 
around  the line of sight and highly ionized Fe atoms are far away

 4U 1538-522:  Origin of the soft X-rays are far away from 
the NS

LMXB EXO 0748-676: The part of the disc absorbing 
low energy X-rays varies over 2 months,  source 
emission properties are nearly same

   

LMXB XTE J1710-281:   very small accretion disc
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Thanks a lot .....

To the Designer of 

the beautiful 

cosmos and to all of 

you.
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