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4U 2206+54 is one of the most intriguing X-Ray binaries. Wisite®wing properties closer to
those of wind-fed supergiant X-Ray binaries, its opticalr@rpart lies in the main sequence,
and recently it has been suggested that it may harbor antaccdisk (Finger et al. 2010).
Only recently the real nature of the compact object has beerated by the discovery of X-Ray
pulsations (Reig et al. 2009). A detailed analysis of ISG&Hdn this source is shown. The
pulse period of 4U 2206+54 is analyzed and the propertiets glilse profile are discussed.
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The role of ISGRI data in the discovery of pulsations in 44U

N
o

[ ' [ ' [ ' [
- INTEGRAL/ISGRI 20-40 keV at 500 s time bi

b1 * | .* DL * ﬁ| |

54086.0 54086.5 54087.0 54087.5 5408¢
MJD

-1

Count Rate (count’s)
H
o
I

[N
a1
[

(63}

| T
.ﬁ;—.‘:.-_
—

Figure 1: The 20-40 keV IBIS/ISGRI light curve of the source during IRGRAL revolution 510.
IBIS/ISGRI data points are plotted with a 500 s time bin.

1. Introduction: a very special High Mass X-Ray Binary system

4U 2206+54 is a very peculiar source of high energy photons. leslmoperties with both the
group of Supergiant High mass X-Ray binary systems (SXRB) and the-Bay Binary systems
(BeXRB).

With the first kind (SXRB) shares the type of accretion, being a wind-fatesy. With the
latter kind (BeXRB) shares the type of optical companion, a main-sequearbetype star (see
Blay & Reglero, 2010).

4U 2206+54 is, therefore, the only known wind-fed system with a mainessge donor.

This duality in behavior (between SXRB and BeXRB) is not the only rarity efgfistem.
While it was thought almost since its discovery that the orbital period of 406224 was 9.6
days, Corbet et al. (2007) demonstrated how this modulation had bdag fadavor of just it's
double value, i.e., a 19.25 days modulation.

The optical companion to the system is also a very peculiar star, possiliyngha disk-like
envelope around the magnetic equator of the star, responsible of the Bahission lines seen in
its spectra and the detection of an excess of infra-red emission (seetBlay@06).

The nature of the compact object was not established firmly until the digcof/pulsations
very recently (see Reig et al. 2009), although indications had been mivhe literature of the
most likely neutron star nature of the compact object (see Masetti et &, Z0fejon et al. 2004,
and Blay et al. 2005 ).

We discuss in this poster the role of INTEGRAL/IBIS/ISGRI data in the discpef pulsa-
tions in 4U 2206+54. In consonance with its other peculiarities, this sohmgssa pulse period
of 5560 s, one of the longest pulse periods known for an accretirayXulsar.

2. INTEGRAL data leading to the detection of pulsations in 4U 2D6+54

Because of its long pulse period, 4U 2206+54 had been hiding its pulsdtiohso main
reasons: a) the pulse period is very close to the RXTE spacecraftamtithus, it could have been
observed but discarded as an observational effect b) the lack gfdoaugh observations from
other space missions.



8 1067 — 150

127 ]
\ /_j 04— 52100

~1.8x10" Hz |

1 L. Jll.ll.n,LLMl.m. AL

0 0 0
0 0.000250.00050.00075 0.001 0 0.000250.00050.00075 0.001 3000 4000 5000 6000 7000 8000
Frequency (Hz) Frequency (Hz) Period (s)

Power
(e}
T 70

50

Figure 2: Power spectra and epoch folding plot for the 500 s binned staden in Figure 1. A significant
peak is detected at5560 s.

The latter situation changed during INTEGRAL revolution 510. At this ckathe source
was in the FOV of INTEGRAL/IBIS for almost 3 consecutive days, allowihg exploration of
variability in the time scale of hours.

The corresponding INTEGRAL/IBIS/ISGRI light curve in the 20-40 ke¥ergy range is
shown in Figurd]1. RXTE/ASM data from the same epoch are also showgofoparison. The
ASM light curve (in the 2-12 keV energy range) shows the source initslistate, showing typical
fluctuations of wind-fed system, with no outburst or special source stétig gn.

3. The pulse period

Fourier analysis techniques were applied to the 20-40 keV light curwersimFigure[ 1. Both
a Discrete Fourier Transform (DFT) and a CLEAN algorithm were udéduk result is shown in
Figure[2. A significant peak at a frequency of 0.18 mHz is detected. Antefolding analysis
confirms the presence of the 5560 s modulation. In the 40-60 keV erangg the pulse period is
also found, but less significant and with a worse accuracy, as shaigure[3.

4. The pulse profile

The averaged pulse profile over the INTEGRAL revolution 510 is showFigare[4. There
is no noticeable feature in the profile except for the apparent asymmaétmna siower onset and a
steeper decay. The 40-60 keV energy range light curve was tooteaisrieve a reasonable pulse
profile.

In Figure[b, a detailed view of the 20-40 keV energy range light cundede/s. A cosinusoidal
modulation, with a 5560 s period, is superimposed to the data. It is interestieg hmw the pulsed
emission fits very nicely with the cosinusoidal variation, however the prdftteedndividual pulses
is highly variable and rich in features. This high degree of variability is etquefrom a wind-fed
accreting system.

5. Conclusions

The discovery of 1.5 hr pulsations in 4U 2206+54 solves definitely thetd@ldout the nature
of the compact companion to the system, in favor of the neutron star inteipnetdl 2206+54 is
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Figure 3: Power spectra and epoch folding analysis of the 40-60 kéw tigrve of IBIS/ISGRI data of the
same interval as shown in Figure 2. The significance, thoisgivorse and the error bigger, as a result a
KRAM-10 < modulation is forind
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Figure 4: Averaged pulse profile of 4U 2206+54 in the 20-40 keV energgea It is clearly asymmetric,
with no other noticeable feature.

one of the accreting X-ray pulsars with the longest known pulse perigdttier with 2S 0114+650
(2.8 hr) and IGR J16358§$4726 (1.6 hr), however, these two systems host supergianttsizes;
fore 4U 2206+54 is the first accreting X-ray pulsar with main sequenoerdeith such a long
pulse period.

The high variability seen in the profile of individual pulses supports thepnééation of ac-
creting from the wind of the main sequence donor, in contrast with the widfinger et al. (2010)
who discuss the possible presence of an accretion disk in 4U 2206+54.
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Figure 5: Detailed view of the 500 s binned light curve of 4U 2206+54weitcosinusoidal curve, modulated

with the 5560 s pulse period, superimposed.
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