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Vela X-1

• spin period: 283.5s

• normal: 200mCrab

• flares: up to 6 Crab

• 2 Msec public data

The phase averaged X-ray spectrum of Vela X-1 has been
usually modeledwith a power lawmodified at higher energies by
an exponential cutoff (Tanaka 1986; White et al. 1983) or the the
Negative Positive EXponential (NPEX-model; Mihara 1995).
The spectrum is modified by strongly phase dependent photo-
electric absorption at lower energies due to the dense stellar wind
and an accretion wake trailing the neutron star (Goldstein et al.
2004; Kreykenbohm et al. 1999; Feldmeier et al. 1996; Haberl
& White 1990). At 6.4 keV an iron fluorescence line and occa-
sionally an iron edge at 7.27 keV (Nagase et al. 1986) are ob-
served in the X-ray spectrum. At higher energies a cyclotron
resonant scattering feature (CRSF) at ∼55 keV was first reported
from observations with HEXE (Kendziorra et al. 1992) and later
confirmed by a multitude of instruments (Orlandini et al. 1998;
Kreykenbohm et al. 1999; Attié et al. 2004). Makishima et al.
(1992) and Choi et al. (1996) reported a second absorption fea-
ture between 25 keV and 32 keV in Ginga data which they in-
terpreted as the fundamental CRSF. This line was confirmed by
Kreykenbohm et al. (2002) using phase-resolved RXTE data,
but due to the shallowness of the feature its interpretation as
CRSF still remains a matter of some debate (Orlandini 2005).
An early analysis of the flaring and timing behavior was given
by Staubert et al. (2004).

The remainder of this paper is structered as follows: in
Sect. 2 the data and software used is described. Sect. 3 describes
first the temporal analysis of the data, i.e., light curves, determi-
nation of the pulse period, and quasi periodic modulations and
then the analysis of the eclipse and the spectral analysis. The
results are discussed in Sect. 4.

2. Data

2.1. Instrument and Software

The INTEGRAL observatory (for a detailed description of the
instrument, see Winkler et al. 2003) is in a highly eccentric or-
bit with a period of 71h49m km, ideal for long uninterrupted ob-
servations. Most of the time INTEGRAL is above the radiation
belts of the Earth guaranteeing a low X-ray background. Due
to the high eccentricity of the orbit the perigee passage when
INTEGRAL is inside the radiation belts and no science obser-
vations are possible due to the high radiation background, takes
only ∼8 h.

INTEGRAL has four science instruments which provide
coverage from 2 keV up to 10MeV as well as in the optical: the
imager IBIS (Ubertini et al. 2003, 20 keV to 800 kev) with de-
cent energy resolution and a large effective area, the spectrome-
ter SPI (20 keV to 10MeV; Vedrenne et al. 2003) for the analysis
of nuclear lines, the X-ray monitor JEM-X (Lund et al. 2003,
2 keV to 30 keV), and the optical monitor OMC (Mas-Hesse
et al. 2003). Since direct imaging is not possible in the hard
X-ray and gamma-rays, all high energy instruments on board
of INTEGRAL use coded mask telescopes to perform imag-
ing (for a review of the coded mask technology, see In’t Zand
1992). Due to the coded mask nature of its instruments, it is
not recommended to observe the target with only a single point-
ing, but raster the surroundings of the target (“dithering”, see the
INTEGRAL documentation for details).

The data is cut in science windows (SCWs) which are typ-
ically 1800 s, 2200 s, or 3600 s long. These SCWs are then
grouped by INTEGRAL revolutions, i.e., complete orbits of the
INTEGRAL satellite around the Earth (see also Fig. 2).

To analyze INTEGRAL data, i.e., derive images, light
curves, and spectra, we used the Offline Science Analysis
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Fig. 1. Intensity mosaic image using ISGRI data of the Vela region. All
5 revolutions from Rev. 137 to Rev. 141 (corresponding to 15 days and
a total of 682 ksec) have been used for this mosaic. Vela X-1 is the
brightest source in the field of view and with a detection significance of
111σ also the most significant source by far, but three more sources are
also detected. Note that the times of the eclipses of Vela X-1 (see Fig. 2)
have been excluded from this mosaic. The noisy rim of the mosaic is due
to the very low coding factor in the outermost part of the partially coded
field of view. The mosaic was derived using the official ii skyimage tool
as distributed with OSA 5.1.

Software (OSA), version 5.1, as distributed by the Integral
Science Data Centre (ISDC) along with the official instrument
characteristics tree released with OSA 5.1. In particular we make
extensive use of the tool ii light (distributed with OSA 5.1). As
the IBIS cookbook1 cautions that ii light should only be used to
analyze the timing behavior within a given science window, we
carefully checked the behavior of ii light (see Appendix A).

For further analysis, we used HEADAS release 6.0.1.
Spectral fitting was done with XSPEC 11.3.2 (Dorman &
Arnaud 2001; Arnaud 1996).

2.2. Data

As part of the AO1 core program (Winkler 2001), INTEGRAL
observed the Vela region continuously for 5 consecu-
tive INTEGRAL revolutions from the beginning of revolu-
tion 137 (JD 2452970.86) until the end of revolution 141
(JD 2452970.86) resulting in approximately 1Msec of data (see
Fig. 2). The observation was done in a 5 × 5 dithering pattern
with stable pointings 2◦ apart, each typically 1800 s to 2200 s
long.

While Vela X-1 is by far the brightest source in the field of
view of ISGRI, four more sources are detected: 4U0836−429
is also a very prominent source reaching about a third of the
average intensity of Vela X-1, as well as three relatively weak
sources: the Vela Pulsar, H 0918 − 549, and IGR J07597 − 3842
(see Fig. 1). Since the two brightest sources Vela X-1 and
4U0836 − 429 are widely separated (about 6.◦7) and with all the
weaker sources even more distant, contamination of the spec-
trum of Vela X-1 due to the presence of the other sources is of
no concern. Due to the dithering nature of the observations and
since Vela X-1 is not in the actual center of the Vela region but
more in the northern part, it was only in the field of view of
JEM-X nor the optical monitor for two pointings (compared to a

1 available at
http://isdc.unige.ch/?Support+documents.
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Fig. 7. Spectrum of Vela X-1 as obtained by INTEGRAL-ISGRI a data
and folded model. b residuals when using only a power law modified by
the Fermi Dirac cutoff. c residuals for the best fit model with a cyclotron
absorption line at 53.2+0.7

−0.2 keV. See Table 3 for all spectral parameters.

Table 3. Fit results for the overall spectrum excluding the eclipse, giant
flare 1, and flare 5. Since the exposure of the two flare spectra is rather
low, the cutoff and the folding energy were fixed to the overall value. All
uncertainties here and elsewhere in the paper are on a 90% confidence
level. The DOF are the degrees of freedom.

Parameter overall Flare 1 Flare 5
Exposure [ksec] 507 11 20

Γ 2.0 +0.2
−0.8 2.2 +0.1

−0.1 1.5 +0.5
−0.3

Ecut [keV] 39.9+8.7
−10.2 39.9 (fix) 39.9 (fix)

Efold [keV] 11.8 +0.6
−0.5

11.8 (fix) 11.8 (fix)

EC [keV] 53.2 +0.6
−0.5

55.8 +1.3
−1.1

58.3 +5.5
−3.3

σC [keV] 7.5 +0.8
−0.4

8.9 +0.9
−1.1

11.3 +5.2
−2.7

τC 1.0 +0.1
−0.1

1.3 +0.1
−0.1

1.5 +0.3
−0.5

χ2
red
(DOF) 0.8(20) 1.3 (20) 0.9 (20)

Icont(E) ∝ E
−Γ × exp

(

−
E − Ecut

Efold

)

× exp (−τGABS(E)) (3)

As discussed in Section 2.2, Vela X-1 was only for two sci-
ence windows, i.e., ∼4 ksec in the field of view of Jem-X, so no
low energy data are available and therefore there is no need to
model photoelectric absorption or the iron fluorescence line at
6.4 keV. We also did not use the SPI data for the spectrum as the
fit is completely dominated by ISGRI. A systematic error of 1%
is applied to account for the uncertainties in the response matrix
of ISGRI.

The broad band continuum is fit very well by a power law
with Fermi Dirac cutoff, but the spectral parameters are not very

well constrained. This is to be expected, as no data below 20 keV
are available such that is not possible to determine the spectral
slope and the cutoff and folding energy at the same time, espe-
cially since the cutoff energy is expected to be around ∼30 keV,
close to the lower end of the energy range. However, the re-
sulting parameters for the cutoff and Γ are in agreement with
parameters obtained with RXTE by Kreykenbohm et al. (1999,
Observations 2 & 3 in Table 3).

After fitting the broadband continuum, highly significant
features remain which are due to the cyclotron line at ∼50 keV
(see Fig. 7b). After the inclusion of Gaussian absorption line
at 53.2+0.6

−0.5
keV, the resulting fit is very good (χ2

red
= 0.8 with

20 degrees of freedom) and no significant features remain (see
Table 3 for the spectral parameters). Note that the line like resid-
uals around ∼30 keV in Fig. 7b are therefore not due to the
disputed CRSF at 25 keV but merely a consequence of not fit-
ting the 50 keV line. The question whether the 25 keV line ex-
ists or not can not be answered by this observation as no data
below 20 keV are available which is crucial for the determina-
tion of the continuum and the dectection of a CRSF at 25 keV.
The resulting best fit is shown in Fig. 7a and the Residuals in
Fig 7c. However, after the inclusion of the Gaussian absorp-
tion line at 53.2 keV, some residuals remain (see Fig. 7c) be-
tween 60 and 80 keV. In this energy range some strong back-
ground lines are present in the ISGRI background (tungsten and
lead, Terrier et al. 2003) which might be responsible for these
residuals. However, it is well known that CRSFs have a very
complex line shape (Schönherr et al. 2007; Araya-Góchez &
Harding 2000; Araya & Harding 1999) and are therefore not
well modeled by simple Gaussians or Lorentzians (see for exam-
ple Kreykenbohm et al. 2005; Heindl et al. 1999); the residuals
present in Fig. 7c could therefore be also due to a insufficient de-
scription of the CRSF by a Gaussian absorption line. To improve
this unsatisfactory situation and to derive real physical parame-
ters from the line shapes, efforts are made to create line shapes
using Monte Carlo simulations (Schönherr et al. 2006).

In any case, a more detailed analysis of the spectrum using
various spectral models, studying the evolution of the spectral
parameters with time and especially using phase resolved spec-
troscopy, and a comparison of the results with spectra from ear-
lier observations and other instruments (like RXTE) is beyond
the scope of this paper and will be discussed in a forthcoming
publication (Kretschmar et al. 2007).

3.6. Spectral evolution during the flares

After fitting the overall spectrum, we derived separate spectra
for giant flare 1 and the relatively long flare 5. We also tried to
obtain a spectrum of the eclipse, but as Vela X-1 is fully eclipsed
by the optical companion and INTEGRAL is not as sensitive as
XMM, Vela X-1 is not detected by INTEGRAL and therefore
also no meaningful spectrum could be obained from the eclipse
data.

Of high interest, however, is the spectral evolution during the
flares, especially giant flare 1. First of all, we derived hardness
ratios for the whole observation as shown in Fig. 2b. We defined
the hardness ratio as

HR =
H − S

H + S
(4)

where H is the hard band (40–60keV) and S the soft band (20–
30 keV). The hardness ratio remains constant throughout most
of the observation, i.e., no correlation with orbital phase is vis-
ible. The behavior of the hardness ratio during the flares, how-

• no JEM-X data 

• spectral model:
Powerlaw x FDCut

• CRSF:
53.2 keV  σ=7.5keV
τ=1.0
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Fig. 7. Spectrum of Vela X-1 as obtained by INTEGRAL-ISGRI a data
and folded model. b residuals when using only a power law modified by
the Fermi Dirac cutoff. c residuals for the best fit model with a cyclotron
absorption line at 53.2+0.7

−0.2 keV. See Table 3 for all spectral parameters.

Table 3. Fit results for the overall spectrum excluding the eclipse, giant
flare 1, and flare 5. Since the exposure of the two flare spectra is rather
low, the cutoff and the folding energy were fixed to the overall value. All
uncertainties here and elsewhere in the paper are on a 90% confidence
level. The DOF are the degrees of freedom.

Parameter overall Flare 1 Flare 5
Exposure [ksec] 507 11 20

Γ 2.0 +0.2
−0.8 2.2 +0.1

−0.1 1.5 +0.5
−0.3

Ecut [keV] 39.9+8.7
−10.2

39.9 (fix) 39.9 (fix)

Efold [keV] 11.8 +0.6
−0.5

11.8 (fix) 11.8 (fix)

EC [keV] 53.2 +0.6
−0.5

55.8 +1.3
−1.1

58.3 +5.5
−3.3

σC [keV] 7.5 +0.8
−0.4

8.9 +0.9
−1.1

11.3 +5.2
−2.7

τC 1.0 +0.1
−0.1 1.3 +0.1

−0.1 1.5 +0.3
−0.5

χ2
red
(DOF) 0.8(20) 1.3 (20) 0.9 (20)

Icont(E) ∝ E
−Γ ×

1

exp
(

E−Ecut

Efold

)

+ 1
× exp (−τGABS(E)) (3)

As discussed in Section 2.2, Vela X-1 was only for two sci-
ence windows, i.e., ∼4 ksec in the field of view of Jem-X, so no
low energy data are available and therefore there is no need to
model photoelectric absorption or the iron fluorescence line at
6.4 keV. We also did not use the SPI data for the spectrum as the
fit is completely dominated by ISGRI. A systematic error of 1%
is applied to account for the uncertainties in the response matrix
of ISGRI.

The broad band continuum is fit very well by a power law
with Fermi Dirac cutoff, but the spectral parameters are not very

well constrained. This is to be expected, as no data below 20 keV
are available such that is not possible to determine the spectral
slope and the cutoff and folding energy at the same time, espe-
cially since the cutoff energy is expected to be around ∼30 keV,
close to the lower end of the energy range. However, the re-
sulting parameters for the cutoff and Γ are in agreement with
parameters obtained with RXTE by Kreykenbohm et al. (1999,
Observations 2 & 3 in Table 3).

After fitting the broadband continuum, highly significant
features remain which are due to the cyclotron line at ∼50 keV
(see Fig. 7b). After the inclusion of Gaussian absorption line
at 53.2+0.6

−0.5
keV, the resulting fit is very good (χ2

red
= 0.8 with

20 degrees of freedom) and no significant features remain (see
Table 3 for the spectral parameters). Note that the line like resid-
uals around ∼30 keV in Fig. 7b are therefore not due to the
disputed CRSF at 25 keV but merely a consequence of not fit-
ting the 50 keV line. The question whether the 25 keV line ex-
ists or not can not be answered by this observation as no data
below 20 keV are available which is crucial for the determina-
tion of the continuum and the dectection of a CRSF at 25 keV.
The resulting best fit is shown in Fig. 7a and the Residuals in
Fig 7c. However, after the inclusion of the Gaussian absorp-
tion line at 53.2 keV, some residuals remain (see Fig. 7c) be-
tween 60 and 80 keV. In this energy range some strong back-
ground lines are present in the ISGRI background (tungsten and
lead, Terrier et al. 2003) which might be responsible for these
residuals. However, it is well known that CRSFs have a very
complex line shape (Schönherr et al. 2007; Araya-Góchez &
Harding 2000; Araya & Harding 1999) and are therefore not
well modeled by simple Gaussians or Lorentzians (see for exam-
ple Kreykenbohm et al. 2005; Heindl et al. 1999); the residuals
present in Fig. 7c could therefore be also due to a insufficient de-
scription of the CRSF by a Gaussian absorption line. To improve
this unsatisfactory situation and to derive real physical parame-
ters from the line shapes, efforts are made to create line shapes
using Monte Carlo simulations (Schönherr et al. 2006).

In any case, a more detailed analysis of the spectrum using
various spectral models, studying the evolution of the spectral
parameters with time and especially using phase resolved spec-
troscopy, and a comparison of the results with spectra from ear-
lier observations and other instruments (like RXTE) is beyond
the scope of this paper and will be discussed in a forthcoming
publication (Kretschmar et al. 2007).

3.6. Spectral evolution during the flares

After fitting the overall spectrum, we derived separate spectra
for giant flare 1 and the relatively long flare 5. We also tried to
obtain a spectrum of the eclipse, but as Vela X-1 is fully eclipsed
by the optical companion and INTEGRAL is not as sensitive as
XMM, Vela X-1 is not detected by INTEGRAL and therefore
also no meaningful spectrum could be obained from the eclipse
data.

Of high interest, however, is the spectral evolution during the
flares, especially giant flare 1. First of all, we derived hardness
ratios for the whole observation as shown in Fig. 2b. We defined
the hardness ratio as

HR =
H − S

H + S
(4)

where H is the hard band (40–60keV) and S the soft band (20–
30 keV). The hardness ratio remains constant throughout most
of the observation, i.e., no correlation with orbital phase is vis-
ible. The behavior of the hardness ratio during the flares, how-
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Table 3. Fit results for the overall spectrum excluding the eclipse, giant
flare 1, and flare 5. Since the exposure of the two flare spectra is rather
low, the cutoff and the folding energy were fixed to the overall value. All
uncertainties here and elsewhere in the paper are on a 90% confidence
level. The DOF are the degrees of freedom.
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−0.5

55.8 +1.3
−1.1

58.3 +5.5
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−0.4
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11.3 +5.2
−2.7

τC 1.0 +0.1
−0.1

1.3 +0.1
−0.1

1.5 +0.3
−0.5

χ2
red
(DOF) 0.8(20) 1.3 (20) 0.9 (20)

Icont(E) ∝ E
−Γ × exp

(

−
E − Ecut

Efold

)

× exp (−τGABS(E)) (3)

As discussed in Section 2.2, Vela X-1 was only for two sci-
ence windows, i.e., ∼4 ksec in the field of view of Jem-X, so no
low energy data are available and therefore there is no need to
model photoelectric absorption or the iron fluorescence line at
6.4 keV. We also did not use the SPI data for the spectrum as the
fit is completely dominated by ISGRI. A systematic error of 1%
is applied to account for the uncertainties in the response matrix
of ISGRI.

The broad band continuum is fit very well by a power law
with Fermi Dirac cutoff, but the spectral parameters are not very

well constrained. This is to be expected, as no data below 20 keV
are available such that is not possible to determine the spectral
slope and the cutoff and folding energy at the same time, espe-
cially since the cutoff energy is expected to be around ∼30 keV,
close to the lower end of the energy range. However, the re-
sulting parameters for the cutoff and Γ are in agreement with
parameters obtained with RXTE by Kreykenbohm et al. (1999,
Observations 2 & 3 in Table 3).

After fitting the broadband continuum, highly significant
features remain which are due to the cyclotron line at ∼50 keV
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keV, the resulting fit is very good (χ2
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uals around ∼30 keV in Fig. 7b are therefore not due to the
disputed CRSF at 25 keV but merely a consequence of not fit-
ting the 50 keV line. The question whether the 25 keV line ex-
ists or not can not be answered by this observation as no data
below 20 keV are available which is crucial for the determina-
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The resulting best fit is shown in Fig. 7a and the Residuals in
Fig 7c. However, after the inclusion of the Gaussian absorp-
tion line at 53.2 keV, some residuals remain (see Fig. 7c) be-
tween 60 and 80 keV. In this energy range some strong back-
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lead, Terrier et al. 2003) which might be responsible for these
residuals. However, it is well known that CRSFs have a very
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ple Kreykenbohm et al. 2005; Heindl et al. 1999); the residuals
present in Fig. 7c could therefore be also due to a insufficient de-
scription of the CRSF by a Gaussian absorption line. To improve
this unsatisfactory situation and to derive real physical parame-
ters from the line shapes, efforts are made to create line shapes
using Monte Carlo simulations (Schönherr et al. 2006).

In any case, a more detailed analysis of the spectrum using
various spectral models, studying the evolution of the spectral
parameters with time and especially using phase resolved spec-
troscopy, and a comparison of the results with spectra from ear-
lier observations and other instruments (like RXTE) is beyond
the scope of this paper and will be discussed in a forthcoming
publication (Kretschmar et al. 2007).
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After fitting the overall spectrum, we derived separate spectra
for giant flare 1 and the relatively long flare 5. We also tried to
obtain a spectrum of the eclipse, but as Vela X-1 is fully eclipsed
by the optical companion and INTEGRAL is not as sensitive as
XMM, Vela X-1 is not detected by INTEGRAL and therefore
also no meaningful spectrum could be obained from the eclipse
data.

Of high interest, however, is the spectral evolution during the
flares, especially giant flare 1. First of all, we derived hardness
ratios for the whole observation as shown in Fig. 2b. We defined
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Table 3. Fit results for the overall spectrum excluding the eclipse, giant
flare 1, and flare 5. Since the exposure of the two flare spectra is rather
low, the cutoff and the folding energy were fixed to the overall value. All
uncertainties here and elsewhere in the paper are on a 90% confidence
level. The DOF are the degrees of freedom.
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Exposure [ksec] 507 11 20
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Icont(E) ∝ E
−Γ ×

1

exp
(

E−Ecut

Efold

)

+ 1
× exp (−τGABS(E)) (3)

As discussed in Section 2.2, Vela X-1 was only for two sci-
ence windows, i.e., ∼4 ksec in the field of view of Jem-X, so no
low energy data are available and therefore there is no need to
model photoelectric absorption or the iron fluorescence line at
6.4 keV. We also did not use the SPI data for the spectrum as the
fit is completely dominated by ISGRI. A systematic error of 1%
is applied to account for the uncertainties in the response matrix
of ISGRI.

The broad band continuum is fit very well by a power law
with Fermi Dirac cutoff, but the spectral parameters are not very

well constrained. This is to be expected, as no data below 20 keV
are available such that is not possible to determine the spectral
slope and the cutoff and folding energy at the same time, espe-
cially since the cutoff energy is expected to be around ∼30 keV,
close to the lower end of the energy range. However, the re-
sulting parameters for the cutoff and Γ are in agreement with
parameters obtained with RXTE by Kreykenbohm et al. (1999,
Observations 2 & 3 in Table 3).

After fitting the broadband continuum, highly significant
features remain which are due to the cyclotron line at ∼50 keV
(see Fig. 7b). After the inclusion of Gaussian absorption line
at 53.2+0.6

−0.5
keV, the resulting fit is very good (χ2

red
= 0.8 with

20 degrees of freedom) and no significant features remain (see
Table 3 for the spectral parameters). Note that the line like resid-
uals around ∼30 keV in Fig. 7b are therefore not due to the
disputed CRSF at 25 keV but merely a consequence of not fit-
ting the 50 keV line. The question whether the 25 keV line ex-
ists or not can not be answered by this observation as no data
below 20 keV are available which is crucial for the determina-
tion of the continuum and the dectection of a CRSF at 25 keV.
The resulting best fit is shown in Fig. 7a and the Residuals in
Fig 7c. However, after the inclusion of the Gaussian absorp-
tion line at 53.2 keV, some residuals remain (see Fig. 7c) be-
tween 60 and 80 keV. In this energy range some strong back-
ground lines are present in the ISGRI background (tungsten and
lead, Terrier et al. 2003) which might be responsible for these
residuals. However, it is well known that CRSFs have a very
complex line shape (Schönherr et al. 2007; Araya-Góchez &
Harding 2000; Araya & Harding 1999) and are therefore not
well modeled by simple Gaussians or Lorentzians (see for exam-
ple Kreykenbohm et al. 2005; Heindl et al. 1999); the residuals
present in Fig. 7c could therefore be also due to a insufficient de-
scription of the CRSF by a Gaussian absorption line. To improve
this unsatisfactory situation and to derive real physical parame-
ters from the line shapes, efforts are made to create line shapes
using Monte Carlo simulations (Schönherr et al. 2006).

In any case, a more detailed analysis of the spectrum using
various spectral models, studying the evolution of the spectral
parameters with time and especially using phase resolved spec-
troscopy, and a comparison of the results with spectra from ear-
lier observations and other instruments (like RXTE) is beyond
the scope of this paper and will be discussed in a forthcoming
publication (Kretschmar et al. 2007).

3.6. Spectral evolution during the flares

After fitting the overall spectrum, we derived separate spectra
for giant flare 1 and the relatively long flare 5. We also tried to
obtain a spectrum of the eclipse, but as Vela X-1 is fully eclipsed
by the optical companion and INTEGRAL is not as sensitive as
XMM, Vela X-1 is not detected by INTEGRAL and therefore
also no meaningful spectrum could be obained from the eclipse
data.

Of high interest, however, is the spectral evolution during the
flares, especially giant flare 1. First of all, we derived hardness
ratios for the whole observation as shown in Fig. 2b. We defined
the hardness ratio as

HR =
H − S

H + S
(4)

where H is the hard band (40–60keV) and S the soft band (20–
30 keV). The hardness ratio remains constant throughout most
of the observation, i.e., no correlation with orbital phase is vis-
ible. The behavior of the hardness ratio during the flares, how-
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exposure available for JEM-X, 737 ks for IBIS). The 
fit with a simple cutoff power law (Fig. 6) displays the 
presence in the data of residuals at ~6.5 keV, ~27 keV 
and ~54 keV. We model the low-energy excess with a 
Gaussian emission line, and describe the two high- 
energy dips with the cyclotron absorption model 
cyclabs of XSPEC [16]. This yields a fit with a reduced 

χ2 of 1.2 applying 2% systematics (Fig. 7).  We 
associate the Gaussian emission feature found at 6.44 
keV with a Fe emission line. The low-energy cyclotron 

absorption line is found to be located at 27.0±0.3 keV. 
Note that the ISGRI/JEM-X inter-calibration factor is 
around 1.3. Including the SPI data (Fig. 8), the same 

model yields a fit with a reduced χ2 of 1.2 applying 3% 
systematics, a Fe emission line at 6.56 keV and the low 
energy cyclotron line located at 27.2 keV. 
 

 
Fig. 6. INTEGRAL JEM-X and ISRGI persistent average 
spectrum of Vela X-1, fit with a simple cutoff power law. The 
upper panel shows the data and the best fit model (solid 
line); the lower panel shows the residuals. 
 

 
Fig. 7. INTEGRAL JEM-X and ISRGI unfolded persistent 
average spectrum of Vela X-1. 
 
 

The Vela X-1 persistent average SPI spectrum using 
SPIROS is shown in Fig. 9. This spectrum is modeled 
using constant, cutoff power-law, two CRSF features 
with energies fixed by E1=E2/2 and fluxes modeled by: 
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The result of the fit is shown in Tab. 3 (1st data 
column). The fit using the same model applied to both 
SPI and ISGRI data, leads to compatible results, shown 
in Tab. 3 (2nd data column).  
 

 
Fig. 8. JEM-X, ISRGI and SPI persistent average spectrum of 
Vela X-1 (combined fit). 

 

 Persist. avr. 
SPI 

Persit. avr. 
SPI + ISGRI 

In flares 
SPI 

E1=E2/2  27.44 ± 0.43 27.88 ± 0.14 27.5 ± 0.6  
W1  6.73 ± 1.6 12.09 ± 0.94 5.58 ± 1.69 
D1 0.17 ± 0.052  0.28 ± 0.078 0.16 ± 0.049 
W2 8.84 ± 1.96 10.86 ± 1.05 8.45 ± 2.96 
D2 1.01 ± 0.12 1.1 ± 0.07 0.76 ± 0.15 

χ2 1.03 1.9 1.17 

ndf 71 90 71  
 

Tab.3. Results of fits to the SPI and SPI+ISRGI persistent 
average spectra, as well as the SPI spectrum during flares, 
using the model “constant, cutoff power-law, 2 CRSF (with 
fixed energy ratios)”. 
 

 
Fig. 9. SPI persistent average spectrum of Vela X-1. 

 

6. VELA X-1 SEPCTRA DURING FLARES 
 

For the Vela X-1 flare in revolution 373, one pointing 
is used to derive the combined JEM-X and ISGRI 
spectrum, shown in Fig. 10. In this limited dataset, the 
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E2=54keV σ=11keV

• seen by ISGRI and SPI
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presence of the Fe emission line is still significant at 
~6.5 keV, and the low-energy CRSF feature (fit with 

cyclabs) is found at 26.0±0.4 keV. For the flare in 
revolution 382, nine IBIS pointings are used, and the 

low-energy CRSF feature is found at 27.0±0.3 keV. 
 The SPI spectrum obtained by combining the 
flares of Vela X-1 in revolutions 373 and 382 is 
presented in Fig. 11. The result of the fit using the 
previously presented model with two CRSF is reported 
in Tab. 3 (3rd data column). We compare those 
parameters with the ones found for the persistent 
average spectrum using either SPI alone or SPI+ISGRI 
data. We conclude that no important change in the 
structure of the CRSF features can be noticed for those 
Vela X-1 flares. 
 

 
Fig. 10. JEM-X and ISRGI spectrum of Vela X-1 during flare 
in rev. 373, fitted with a simple cutoff power law, showing the 
presence of residuals at ~6.5 keV, ~26 keV and ~52 keV.  
 

 
Fig. 11. SPI spectrum of Vela X-1 during flare, fitted with a 
cutoff power-law and two CRSF.  

7. CONCLUSIONS 
 

The INTEGRAL satellite observed the Vela region in 
the X-ray and gamma-ray energy bands during 1.7 Ms 
between 4th November and 4th December 2005, from 
revolution 373 to 383, in the context of our accepted 
AO-3 INTEGRAL open-time observation. We present 
preliminary results of the analysis of the ISGRI, SPI 
and JEM-X data. We focus on a spectral and temporal 
study of the eclipsing high-mass X-ray binary Vela X-
1. Thanks to this long-term observation we derive the 
time-averaged spectrum of the source and firmly 
confirm the existence of cyclotron resonant scattering 

features (CRSF) at ~27 keV and ~54 keV using 
IBIS/ISGRI and SPI data separately and in a combined 
fit. Assuming canonical parameters for the neutron star 
(mass 1.4 M , radius 10 km), a 27 keV CRSF implies 
a neutron star magnetic field of 3×1012 Gauss. Using 
the JEM-X data we also found the presence of a Fe 
emission line at ~6.5 keV. During two strong Vela X-1 
flares we found that the energy positions of the CRSF 
features remain unchanged with respect to their 
persistent average values. Furthermore we obtain a spin 
period of 283.6 s by folding the Vela X-1 light curve 
over one pointing of 1 h duration. In order to complete 
the Vela X-1 analysis, work is currently ongoing. We 
will derive a precise orbital ephemeris, which is 
important for the study of this system, since it allows to 
determine detailed time-resolved spectra during the 
eclipse ingress and egress phases in different energy 
bands, and to monitor details of the companion wind. 
Orbital and pulse-phase resolved spectroscopy will 
permit us to understand the underlying physics of the 
high-energy emission. Using a relativistic description 
of the polar-cap emission of the neutron star, the 
variation of the pulse morphology with energy and 
time will permit to model the pulsed flux in energy and 
constrain the system geometry.  
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