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Introduction

• High mass X-ray binaries are 
normally young systems, in which 
a neutron star has a high 
magnetic field (1012-13 G) and 
accretes from the wind of a 
(super)giant companion.
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Lquiescence
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• Be/X-ray binaries: the neutron 
star undergoes outbursts at the 
periastron passage.
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Emission mechanisms 
 in a high magnetic field

• If the neutron star has a considerable 
magnetic field, the accreting matter is 
channeled along the field lines and 
accretes onto the magnetic poles. 

• The flow acquires a high kinetic 
energy v~c/2 which is at least partially 
dissipated close to the surface and 
emitted in the form of X and Gamma-
rays. 

• For high accretion rates, radiation 
dominates: a radiative shock forms 
along the accretion column. 

• Seed photons coming from thermal 
mound and electron breemstrahlung, 
in the high B-field, are Compton 
scattered.

Becker	&	
Wolff	
(2007)
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Possible self obscuration

• Emission from the base of a filled column 

• Sharp structures due to self-obscuration by the flow
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EXO 2030+375

• Be/X-ray binary 
• spin period 41 s 
• orbital period 46 d 
• eccentricity 0.4 
• distance 7 kpc 
• regular outbursts 
• Possible cyclotron 

line at 64 keV 
• Controversial 

broad-band 
spectrum 

• Disc accretion 
during outbursts 

5

Fermi/GBM	pulsar	website
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Three observations

• Peak of the periastron 
outburst (2007) 

• Setting off of the outburst 
(2012 and 2014)
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Suzaku 2007 observation

• Thanks to soft X-ray instruments, it is possible to correlate 
dips with enhanced absorption (column’s self obscuration?).

7

EXO	2030+375	
Naik	et	al.	(2013)
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At lower luminosity

• Second pulse is suppressed at low energy: effect of 
absorption.
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XMM-Newton 2014: a narrow dip !

• There is a very sharp structure, which appears only at the 
high time resolution of EPIC-PN in timing mode

9

350 phase bins = 0.11 s /bin
Suzaku,  
2s timing resolution
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Sharp hardness variations

• Suggestive of a self-
absorption effect.
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Phase-averaged spectrum

• We determine the model on high S/N 
averaged spectrum. 

• Tried ionised partial covering -> low 
ionisation, use neutral.
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• CompTB model to use 
a seed photon 
spectrum with a 
custom functional form
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Fig. 1. Pulse profiles and hardness ratios extracted from the
EPIC-pn data in the 0.5-3 keV, 3–6 keV, and 6–11 keV energy
bands. The two lowermost panels shows the ratio between the
counts in the hard and soft energy bands. Vertical dotted lines
highlight the zoom region of Fig. 2.

where a strong additional peak emerges in the pulse profile
of the source at higher luminosities (see the pulse profiles
obtained from the Suzaku observation carried out in 2007
by Naik & Jaisawal 2015, and our Fig. 9). Additionally, we
noticed in the EPIC-pn pulse profile the presence of a sharp
V-like feature at phase 0.27 (right before the main pulse
profile peak) that was never reported before. The feature
could also be clearly observed in the MOS1 data. A zoom
of the data closer to the phase of this feature is presented
in Fig. 2. The profile of the feature displays a noticeable en-
ergy dependence, comprising an increased absorption in the
soft X-rays at phases .0.27 and an enhanced re-emission at
harder X-rays. The peak of the re-emission occurs at later
phases for harder X-rays.

For the timing analysis of the 2007 and 2012 Suzaku
data we followed the same procedures as in Naik et al.
(2013) and Naik & Jaisawal (2015), respectively. The de-
rived pulse profiles are shown in Fig. 8 and 9 and are fully
in agreement with those published previously.

4. Phase averaged spectral analysis

A number of sophisticated spectral models have been re-
cently developed to describe the X-ray energy distribution
of highly magnetized accreting X-ray pulsars (e.g., Becker &
Wolff 2007; Becker et al. 2012; Farinelli et al. 2012). These
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Fig. 2. Same as Fig. 1, but zoomed around the pronounced
narrow feature at phase ⇠0.27.

models include a fairly detailed description of the physics
of the NS accretion column, where the bulk of the X-ray
emission is produced (see Sect. 1). In this paper, we focus
on the analysis of the sharp feature highlighted in Sect. 3,
as well as on any possible spectral change related to it, and
thus we did not attempt to fit the XMM-Newton data of
EXO 2030+375 with these models because the energy range
of the EPIC cameras is too limited to provide significant
constraints to all their free parameters and also these mod-
els are not designed to perform spin phase-resolved spec-
tral analysis. We thus opted for the simpler CompTB model
(Farinelli et al. 2008) and used it for the phase averaged and
phase resolved fits to both the XMM-Newton and Suzaku
data. The CompTB model takes into account the Compton
up-scattering of seed photons by a moving thermal plasma
with a characteristic temperature T

e

. The energy spectrum
of the seed photons is described by the function

S(x) =

Cx

�

e

Tex/TS � 1

, (1)

where C is the normalization, x = E/kT

e

is the energy
expressed in units of the electron temperature and T

S

is
the seed photon temperature of a diluted black body, in
the case the parameter � is fixed to 3. Note that the func-
tional shape of S(x) can be used to mimic the complex
seed-photons distribution expected in a highly magnetized
moving plasma (Riffert et al. 1999). We included in the
spectral model used for all fits a neutral and an ionized
absorption component. The former represents the summed

Article number, page 4 of 25

Neutral_abs*partial_absorber*(comptb+2xGauss)
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A narrow dip !

• Dramatic spectral change. Partially covered Comptonization 
model.

12

4 of 128 phase bins
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Phase resolved

• We describe the phase-
resolved spectra by letting a 
subset of parameters free to 
be determined. 

• Choice of fixed parameters 
is driven by general 
considerations and “trial and 
error”. 

• Fix neutral column's density, 
iron line energy and 
width,fix kTB continuum 
parameter.  

• Both absorption jump and 
continuum variations around 
the dip
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Suzaku 2012 (2x luminosity)

• Same model works and 
similar pattern in phase-
resolved spectra.
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Suzaku 2007 (10x luminosity)

• Same model works, absorber 
and continuum change over 
phase: not possible to 
disentangle effects clearly-> 
hint of enhanced absorption in 
dips.
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Conclusions

• We found a peculiar structure in the pulse profiles of EXO 
2030+375. 

• Model with Comptonization by customised seed photon 
distribution and neutral partial absorption. 

• We argue that self-obscuration of the accretion stream 
causes the dip in the XMM spectrum and this is enlarged at 
higher luminosity in the 2007 Suzaku data.
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