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Multiwavelength analysis of Be/X-ray binaries are crucial to understand the mechanism producing their outbursts. H 1145–619 is one of these systems. From 1997 to 2015, this source was
believed to be in quiescence, but from the analysis of INTEGRAL/IBIS and JEM-X data, new Xray outbursts in 2003, 2004, and 2005 have been identified. To understand the complex behaviour
of the source, optical photometric and spectroscopic observations and measurements from the
literature have been compared with the X-ray activity of the source, and a global picture of the
optical and X-ray variations during the last 40 years is presented.
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1. Introduction

2. New X-ray activity discovered with INTEGRAL
From the late 90’s to 2015, the source was believed to be in quiescence in X-rays. However,
from the analysis of INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL; Winkler
et al. 2003) archival data, three outbursts not reported by other observatories have been detected.
Using INTEGRAL/JEM-X (Lund et al., 2003) and IBIS (Ubertini et al., 2003) data we found three
faint X-ray outbursts in May 2003, June 2004 and June 2005. The fluxes of these outbursts were
33, 15, and 7 mCrab in the 22–40 keV band (measured with INTEGRAL/IBIS), respectively. The
intensity of these three outbursts decreased with time, while the duration increased from 2003 to
2005 (∼3 days in 2003, ∼10 days in 2004, and hard to measure in 2005). The three X-ray outbursts
occurred a few days before the corresponding periastron passages, This fact is in agreement with the
behaviuor of the outbursts identified by Wilson-Hodge (1999) using BATSE data, which took place
within a narrow range of orbital phase (-0.1–0.1). Two of these outbursts have been mis-identified
as low luminosity outbursts from the close system 1E 1145.1–6141 (which is at ∼ 17 arcmin
from H 1145–619) (Ferrigno et al., 2008). We have verified the identification of H 1145–619
as the active source in these periods generating the IBIS and JEM-X images of the field before
and during the outbursts and the light curves of both sources. In Fig. 1, images in outburst (left)
and quiescence (right) during the epoch of the 2003 outburst are displayed. From top to bottom
1
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The X-ray pulsar H 1145–619 was discovered in the early 70s with Uhuru (Forman et al.,
1978). Pulsations from this source, together with the pulsations from 1E 1145.1–6141 (170 away),
were detected in 1977 with Ariel V (White et al., 1978). The two sources were resolved by the
Einstein observatory, identifying H 1145–619 as the source of the 292 s pulsations (White et al.,
1980; Lamb et al., 1980). A more precise value of the pulse period (292.4 s) was provided by Nagase (1989). The optical counterpart of H 1145–619, Hen 3–715, was discovered in 1978 (Dower
et al., 1978) and classified as a 9-mag B1 Ve (Stevens et al., 1997). This system is one of the
closest Be/XBs, being located at 3.1±0.5 kpc from Earth (Stevens et al., 1997). It is a long-period
eccentric binary (e>0.5, Reig 2011) with an orbital period Porb = 186.68±0.05 d (Wilson-Hodge,
1999).
Priedhorsky & Terrell (1983) analysed the X-ray observations of H 1145-619 from 1969–
1976 by the Vela 5b satellite, which revealed an outburst of 600 mCrab (3–12 keV) coming from
the source in April 1973. After that, H 1145-619 displayed several X-ray outbursts in 1975–1978,
that were observed with Ariel V and Einstein (White et al., 1980; Watson et al., 1981), one of them
reaching 600 mCrab in December 1977 (White et al., 1980). X-ray activity was observed again in
1983–1985 with EXOSAT (Cook & Warwick, 1987). After that, nine consecutive outbursts between
1992 and 1997 were observed by CGRO/BATSE. Two of these outbursts reached peak fluxes of 550
mCrab (in the 20–40 keV band) in March 1994 and October 1996 (Wilson-Hodge, 1999). Three of
these nine outbursts were also detected by RXTE/ASM (Corbet & Remillard, 1996).
In 2015, two X-ray outbursts, coinciding with periastron passages, and with intensities of
∼50 mCrab and ∼36 mCrab in the 15–50 keV band, were observed by MAXI/GSC and Swift/BAT
(Mihara et al., 2015; Nakajima et al., 2015), suggesting renewed X-ray activity of the source.
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3. Long-term optical and X-ray evolution
In order to understand the physical mechanisms producing the observed variations at different
wavelengths, we have compiled all the available optical and X-ray data from archives and from
the literature, and we have combined them with our new observations. A global picture, showing
the optical light curves of H 1145–619, the optical spectroscopic results obtained in this work, and
the X-ray outbursts from 1982 to 2016 is displayed in Fig. 2. We have included I–Johnson ligth
curves from ASAS–2 and ASAS–3 and V –Johnson band light curves from ASAS–3 and INTEGRAL/OMC (Mas-Hesse et al., 2003). The results from the spectroscopic analysis of Hα (in red)
and HeI 6678 (in blue) equivalent widths and V/R are displayed in third and fourth respectively.
Optical spectroscopic data from the SAAO, SMARTS and SALT telescopes, and from the literature have been included. The X-ray outburts previously reported (detected by BATSE and RXTE
in the 80’s and 90’s), the ones detected with INTEGRAL data in this work, and the last outbursts
detected by MAXI and Swift/BAT are marked with dark blue arrows with lengths proportional to
the outburst fluxes.
We have observed four different optical patterns of variability: Global increases and decreases
of the optical brightness (observed from 1982 to 1994 and since 2009 to 2016), superorbital variations with a period of ∼590 days (observed in 2002–2009), faint and short optical outbursts observed at periastron passages in 1991-1992, and brighter and longer (tens of days) optical outbursts
in 1998–1999 and 2002–2005, taking place at different orbital phases.
The optical spectroscopic measurements provide information on the kinematics and the evolution on the circumstellar disc. As can be seen in the EW and V/R light curves, this source displays
significant variability in the Hα and He I 6678 Å line profiles. Maximum values of the Hα emission were measured in the 90’s, when an X-ray outburst was observed at every periastron passage.
Minimum values of the Hα emission are measured in the period in which the source displays the
faintest V – and I–band brightnesses (1998-2009) and almost no X-ray outbursts are observed (only
the faint X-ray outbursts detected with INTEGRAL in this work).

4. Discussion
From the historical multiwavelength analysis of H 1145–619, we can infer some physical
properties of the circumstellar disc and its repercussion on the X-ray activity.
2
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the energy bands are: 3–10 keV from JEM-X, and 20–35 keV from IBIS/ISGRI. Comparing the
images in quiescence with the images in outburst, the brightening of the source in the last ones is
evident. The field of view is of 2o ×2o , and H 1145–619 is the source located to the South East
appearing only in the outburst images. The source appearing in all the images is 1E 1145.1–6141.
In the JEM-X (with an angular resolution is 3 arcmin FWHM) both sources are resolved, and in the
images corresponding to the outburst, two point sources are observed. However, in the IBIS/ISGRI
images of the outburst epoch, the presence of a new source in the position of H 1145–619 is noticed,
but it is blended with 1E 1145.1–6141 due to the poorer resolution (the IBIS angular resolution is
12 arcmin FWHM). The light curves of H 1145–619 with both instruments are also provided in the
figure. The observations used to extract the images are marked in grey in the light curves.
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Figure 1: In green, the JEM-X images in the 3–10 keV energy band and in blue the IBIS/ISGRI images in
the 20–35 keV energy range of H 1145–619 in outburst (left) and quiescence (right) in the epoch of the 2003
outburst. The field of view is of 2o ×2o , and H 1145–619 is the source located more to the South and to the East
appearing only in the images from the outburst, and the other one appearing in all the images is 1E 1145.1–6141.
At the bottom, the corresponding light curves of H 1145–619 are plotted. The data used to extract the images
are marked with a grey shadow.

In the 80’s and 90’s, the optical continuum varies smoothly between V ∼ 9.4 and V ∼ 8.8.
This variability can be explained by the evolution of the circumstellar disc. In 1991–1992, two
faint optical outbursts are observed at periastron passages, and coinciding with X-ray outbursts, so
they should be related with the interaction of the neutron star with the disc.
From 1991 to 1997 H 1145–619 showed an X-ray outburst at every periastron passage, and
after that it went to quiescence. From spectroscopic measurements from 1993 to 1999, we see that
the EW of the emission lines decreased from values around -35 Å to values around -7 Å in this
period. This drop of the Hα and HeI emission, which is in agreement with decay observed in the
3
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Figure 2: Optical light curves of H 1145–619 from 1973 to 2015. The periastron passages were calculated
using the ephemeris Porb = 186.68 d; T0 = MJD 48 871.6 (Wilson-Hodge, 1999) and are marked with grey
dashed lines (they are marked in all the light curves in the paper). The X-ray outbursts are marked with dark
blue arrows with lengths proportional to the outburst fluxes. First panel: V – Johnson optical light curves. Dark
blue points come from the literature (Jones et al., 1974; Hammerschlag-Hensberge et al., 1980; Pakull et al.,
1980), light blue points are from the ESO’s Long-Term Photometric Variable Project (Sterken et al., 1995),
green points are from Hipparcos (Perryman et al., 1997), orange points come from ASAS–3 and the red points
from INTEGRAL/OMC data. Second panel: I–band photometric points from ASAS–2. Third panel: EW
for Hα (red points) and He I 6678 Å (blue points). We have included 1978 and 1985 measurements by Jones
et al. (1974) and Cook & Warwick (1987) respectively, we have re-analysed the observations from 1993 to 1996
published in Stevens et al. (1997), and we present in this work new data and results from 1997 to 2016. Fourth
panel: V/R for the same spectra (see text).

V –band optical brightness, is usually interpreted as dissipation of the circumstellar disc.
From 2002 to 2009, the optical brightness remains substantially lower than in the other periods,
with a mean value of V ∼9.3 mag. Appart from the observed fainter optical emission, the source
displayed superorbital modulations. Superorbital variations in Be/X-ray binaries can be interpreted
as the propagation of density waves. Overimposed to them, three optical outbursts previous to the
high-energy from 2003–2005 reported in this work. They could be produced by mass ejections.
4
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obtain information on the evolution of the disc.
A detailed analysis of these observations and a deeper interpretation of the optical and X-ray
correlations observed in this system are presented in Alfonso-Garzón et al. (2017).
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