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Abstract: Several binary systems, composed of a star and a compact object, have been detected in the GeV-TeV
range. Several systems have been observed but only a handful of sources have shown emission at those energies.
Here, we present the observations conducted by MAGIC of different γ-ray binary systems. On one hand, we
show the latest studies on the binary system LS I +61 303, which displays variability on different timescales.
With the latest MAGIC observations, we will try to shed light on our understanding of this source, by presenting
super-orbital and multi-wavelength studies. On the other hand, we show the observational results on the binary
system HD 215227. This source has been proposed as a new γ-ray binary for being spatially coincident with the
gamma-ray source AGL J2241+4454 detected by AGILE at E >100 GeV.
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Introduction

Some binary systems are composed of a star and a compact
object, which can be either a neutron star (NS) or a stellarmass black hole (BH). If the companion star is a young
star of spectral type O or B, there will be a mass transfer
to the compact object via decretion disk (for fast rotators),
strong stellar wind (for luminous objects) or Roche lobe
overflow. The accreted material will heat up and produce
X-ray emission. These systems are known as High Mass Xray Binaries (HMXRBs). Only a handful of these bodies
have been detected up to GeV-TeV energies, the gammaray binaries, and most of their non-thermal luminosity is
emitted in the high energy and very high energy (VHE)
gamma-ray band.
The first TeV binary system detected was PSR B125963, a radio pulsar orbiting a Be star [1]. Later, other binaries
have been detected at VHE energies, as LS I +61 303, LS
5039 or HESS J0632+057. In this proceeding we will show
the latest results obtained by MAGIC in the field of VHE
gamma-ray binaries.

2
2.1

LS I + 61 303
Unveiling the system

LS I +61 303 is a binary system composed of a Be star
(spectral type B0 Ve) with a circumstellar disk and a compact object of unknown nature. It is located at a distance
of ∼ 2kpc. The binary is eccentric (e = 0.55 ± 0.05) and
has an orbital period of 26.4960 ± 0.0028 days, which
was determined by radio observations [2]. The periastron
passage occurs at phase φ =0.23-0.3, depending the orbital
solution ([2], [3],[4]). Other orbital parameters remain poorly known and present large uncertainties. LS I +61 303 was

first detected in the VHE gamma-ray band by MAGIC in
2006 [5]
The system has been observed at different wavelengths:
IR, radio, X-rays and HE and VHE gamma rays. It presents
periodic radio outburst which are widely associated to the
orbital period. Radio outburst start from phase 0.45 and
last until phase 0.95 [6]. This periodical modulation is also present in other wavelengths. In X-rays the outburst is
visible between phases φ = 0.4 -0.8 [7]. The binary also
shows a super orbital modulation with periodicity of about
1667 ± 8 days [2], which leads to soft and hard states in
both wavelengths. The source has been observed also at
HE gamma rays by the Fermi telescope, and the outburst
was exhibited at phases 0.3-0.45, just after the periastron
passage.
The VHE emission component of LS I +61 303 is modulated with the 26.6 ± 0.2 days orbital period [8]. A TeV
peak was first detected at phases φ =0.6-0.7 at a ∼ 16 %
Crab Nebula flux and presenting a Crab-like spectrum with
spectral index α∼ 2.6. The fact that the HE and VHE outburst does not occur at the same phases may indicate that
the processes which generate these two components might
be different. Despite a periodic outburst is almost always
present in this phase range, emission can also be detected
among phases φ =0.8-1. The emission in this range does
not present orbital modulation. No emission around periastron has been detected by the MAGIC telescopes, although
VERITAS detected the system at near-periastron phases
during fall 2010 [9].
In the winter 2009-2010 campaign performed by MAGIC, the source was detected in a low-state flux emission level [10]. The integral flux above 300 GeV was (6.1 ± 1.4stat
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± 1.8sys ) x 10−12 cm−2 s−1 , corresponding to a 5.4 % of
Crab Nebula flux, about a factor three lower than previous
campaigns. Nevertheless, the TeV peak is still detected in
the same phases φ = 0.6-0.7 . In these observations, the
spectral fit parameters agree with previous values reported
by MAGIC.
Different scenarios have been proposed to explain the
non-thermal emission observed in LS I +61 303. The first
scenario is the microquasar scenario [11], where the compact object is a black hole. In this case, the companion star
losses mass into an accretion disk around the black hole.
Detection of extended jet-like radio-emitting structures has
been interpreted as a possible evidence of the microquasar
nature of the system. The second proposed scenario is the
rotational powered pulsar scheme [12], where the companion is a neutron star. Nonetheless, none of these scenarios
could be validated, due to the lack of accretion disk features
like black body component in the X-ray spectrum and due
to the absence of pulsations at any wavelength. A third theory propose LS I +61 303 to be the first magnetar detected
in a binary system [13]. A flip-flop magnetar model has
been proposed to explain the orbital and super orbital emissions of the binary, where it would change from a rotational
powered regime (in apastron), where the shocked wind
would produce the TeV emission, to a propeller regime (in
periastron) where particles are accelerated only until subTeV energies. This model explains the anticorrelation at
HE and VHE energies and also the low flux emission state.

2.2

Observations

Observations were performed with the MAGIC telescopes,
which is an stereoscopic system composed of two 17 m
diameter air imaging Cherenkov telescopes placed in the
Canary island of La Palma, at 2225 m a.s.l. The sensitivity
of the system is 5σ signal above 300 GeV for a source
emitting (0.76±0.03)% of Crab Nebula flux in 50 hours.
The analysis has been performed with MAGIC standard
reconstruction software.
Two observation campaigns were held. On the first one,
the binary system was observed between August 2010 and
January 2011 under bright moon conditions, covering seven
orbital periods and phases from 0.4 to 1. After a tight preselection, about ∼ 30 hours of good data remained. On
the second campaign, a multiwavelength observation was
performed, in order to search for correlation/anticorrelation
between TeV emission and the mass loss rate of the Be star,
which will allow to test the model presented in [13] In this
case, the observations covered the phase range between 0.7
and 1, due to observability issues. Furthermore, this phase
range exhibits more variability in the flux of the binary
system: the source emits periodic outburst in the 0.6-0.7,
but sometimes it also shows emission in the 0.8-0.9 phase
range, but not periodically. This range presents the highest
variability period to period, which makes it suitable to study
correlations with other wavelengths. Nightly observations
of about 2.5 h each with MAGIC were performed, to ensure
to detect the system even at relatively low emission level
with good statistics.

2.3

Results

The overall significance for the cycle from August 2010
and January 2011 is above 10 sigma. Most of the emission

comes from January 2011 data, where the source was detected at phases 0.5-0.7. These results reveal that LS I +61
303 recovered its high energy state. These observations
were performed at a super orbital phase of φ suporb ∼0.32,
which follows the predictions made by [14].

3
3.1

HD 215227
A new gamma-ray binary?

On July 27th, 2010, AGILE detected a gamma-ray signal
above 100 MeV from an unidentified point-like source,
AGL J2241+4454 [15]. The detection showed a significance >5σ and a flux of 10−8 ph cm−2 s−1 .
Lying within the error circle of the satellite, there is a
Be star, HD 215227, which was proposed to be the optical
counterpart of the new gamma-ray source [16]. Optical
spectroscopy of this star confirmed its binary nature [17].
It seems that the Be star exhibits a circumstellar disk and
that the optical emission is modulated. This modulation is
an indicator of instabilities in the circumstellar disk. The
binary has an orbital period of 60.37 ± 0.04 days and it is
located at 2.6 ± 1.0 kpc [16].

3.2

Observations

The observations of HD 215227 were performed between
23rd May and 19th June 2012 using the MAGIC telescopes
with the aim of detecting the source for the first time at
VHE gamma rays. Observations were performed in mono
mode, as one of the telescopes was not operational. The
sensitivity for mono observations above 100 GeV is about
2.5% of the Crab Nebula flux in 50 hours.
It was observed for a zenith angle range between 22◦
and 51◦ . The observations covered the phases 0.08 - 0.53
(post-periastron), because they were the only phases visible
from the MAGIC site on that moment. This range covers
the periastron passage and also phases where other binaries
exhibit they outbursts at VHE.

3.3

Results

After a pre-selection of good-quality data, ∼23.5 h of effective time remained. No signal was detected from the whole
data sample. Total significance is about ∼0.5σ . A nightly
analysis neither revealed a hint of signal. The integral flux
upper limit set for the whole data set is:
F(E > 300GeV ) = 2.11 · 10−12 cm−2 s−1

(1)

Differential upper limits (at 96 % confidence level) were
calculated for the spectrum (see Fig. 1) .

4

Conclusions

MAGIC has observed two different gamma ray binary
systems, LS I +61 303 and HD215227, which was proposed
as the optical counterpart of AGL J2241+4454. LS I +61
303 observations unveiled the recovery of the high state
emission of this source, fact that follows the predictions of
the existence of a super-orbital modulation of about ∼4.5
years also in VHE gamma rays. HD 215227 was observed
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Fig. 1: Upper limits obtained from HD215227 MAGIC
observations. The differential upper limits are calculated,
assuming a spectrum described by a simple power law with
spectral index -2.5, similar to other gamma-ray binaries like
LS I +61 303.
after the periastron passage (next to phases where AGILE
reported emission) and at later phases. It showed no excess
of VHE gamma rays. Upper limits have been set for the
VHE emission.
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