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ABSTRACT

Context. MWC 656 has recently been established as the first obsemadifadetected high-mass X-ray binary system containing a
Be star and a black hole (BH). The system has been associdted gamma-ray flaring event detected by &@ILE satellite in July
2010.

Aims. Our aim is to evaluate if the MWC 656 gamma-ray emission algaa very high energy (VHE 100 GeV) gamma rays.
Methods. We have observed MWC 656 with the MAGIC telescopes-88 hours during two observation periods: between May and
June 2012 and June 2013. During the last period, obsergatiere performed contemporaneously with X-ry¥M-Newton and
optical (STELLA) instruments.

Results. We have not detected the MWC 656 binary system at TeV enewgibsthe MAGIC Telescopes in either of the two
campaigns carried out. Upper limits (ULs) to the integrak #fibove 300 GeV have been set, as well &edéntial ULs at a level of

~ 5% of the Crab Nebula flux. The results obtained from the MA@GHServations do not support persistent emission of verly hig
energy gamma rays from this system at a level of 2.4% the Quab fl
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1. Introduction systems have been confirmed as gamma-ray emitters. A partic-
High-mass X-ray binaries (HMXBs) are systems composed gfe 7 &L T8 BN B8 G ST ES T, T TR
a massive starM. > 10 Mo) and a compact object, either 1I7erein). Two other HMXBs have been the object of extensive
black hole (BH) or a neutron star (NS). The search for Gedg ches: Cygnus X-3, which emits in the high-energy (HB; 10
and TeV emission from HMXBs has been the aim of extefyey - E < 100 GeV) domain. (Fermi-LAT Collaboration et al.
sive studies during the past few decades. Despite the lamge N2009: [Tavani et all 2000b) , and Cyg X-1, which has been
ber of observations devoted to the search, only a few of thqggorted to emit at HEL (Sabainief 4l 2013; Malyshev bt al.
-ma2013; [Bodaghee etll. 2013) and showed ado excess at
VHE (Albert et al.. 2007). To investigate the gamma-ray mech-
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anisms in this type of sources, observational campaigns baple 1: Observations of MWC 656 performed by MAGIC in
other HMXBs have been carried out. The recently discoveréd12 and 2013.
object MWC 656 |(Lucarelli et al. 2010) is a HMXB system

and has been proposed as a new gamma-ray binary candidate Date Orbital ~ Zenith Angle  Time ~ Mode
(Williams et al! 2010). (MJD) Phase) Range{)  (hours)
On July 2010,AGILE (Tavanietal.[2009a) detected a ggggg - ggggg 823 - 832 gg - gg 19440 mono
- int-li 1 - . - U - . mono
gamma-ray point-like source dubbed AGL J224454 with a £6446 56448 0.06-0.08 58 .45 33 Steren

significant excess above 5 sigma, displaying an integral flux
above 100 MeV of 15 1077 ph cnt? st (Lucarelli et all 2010).
The source was first detected during the period between 25th

July at 01:00 UT (MJD= 55402.042) and 26th July 2010 at

23:30 UT (MJD= 55403.979). The source is located lab{ = 2013. X-ray and optical observations were performed duitieg
(1000°,-122°) + 0.6°(95%stal) + 0.1°(syst). At the time of 2013 campaign to study the behavior of the source in a multi-
writing, no further flares from this source have been regbrteavelength context.

and no spectrum has been published.

FermiLAT (Atwood et al.l2009) could not confirm the de-
tection by AGILE and an analysisof simultaneous data from
the same direction yielded an upper limit (UL) of 1(oh cn12
st (95% confidence level, from now on CL) above 100 MeV,

assuming a photon indek = 2. A more extended analysiSyHE observations of MWC 656 were carried out using the
of FermiLAT data, including 3.5 years of data on the AGLyAGIC telescopes, which are located at the observatory of El
J2241-4454 source location, also led to no evidence of HRoque de Los Muchachos (28, 18W, 2200 m above the sea
gamma-{éﬁy EMmISSION. A 90% CL UL was set at the level ‘Pével) on the island of La Palma, Canary Islands, Spain. The
9.4x 10" ph cnT* s for 3.5 years of observatioris (Mori et al.system consists of two 17 m diameter imaging Atmospheric
2013). . Cherenkov Telescopes (IACTs) each one with a pixelized cam-
_ The Be star MWC 656, also known as HD 215227, liega containing photo-multipliers, covering a field of viefi8c°.

within the error bars of thé\GILE best-fit source position. I'g The current sensitivity of the MAGIC stereoscopic system is
was proposed as the optical counterpart of the excess daime7194+ 0.02% of the Crab Nebula flux in 50 h of observation
by the AGILE collaboration|(Williams et al. 2010). The systenq, energies above 250 GeV/ (Aleksic et/al. 2014). The spatial
displays optical photometric modulation with a period of30 ragojution at these energiesgs0.1° and the energy resolution

+ 0.04 daysi(Williams et al. 2010; Paredes-Fortuny et al. P01 1894, In the case of monoscopic observations (also referred
Optical spectroscopic measurements of MWC 656 confirmed§is mono observations) the integral sensitivity above 280 Ge
binary nature!(Casares etlal. 2012). Recent optical SpUPIC s ahout 1.6% of the Crab Nebula flux in 50 hours (Aliu €t al.
measurements improved the spectral classification andeeduz009). The observations are performed using wobble mode, in
the uncertainties in the spectrophotometric distanceimdahe \yhich the telescopes point at twoffdirent symmetric regions

system at a distance of@+ 0.6 kpc. These measurements alsgjtated 04° away from the source position to simultaneously
revealed that the compact object is a stellar-mass BH 063%8—¢,/3|uate the background.

solar masses, making this the first known case of BHesys- . .
tem [Casares et Al. 2814)_ [BBey The observations of MWC 656 were performed during two

MWC 656 was also observed in radio with the Europeéjﬂffere”t epochs: May-June 2012 and June 2013. The observa-

VLBI Network (EVN) and was not detected: Molodn (2012) rgllons in 2012 were perfqrmed between 23rd of May and 19th
ported 3 radio flux density ULs at 30-6@Jy level. of June in mono mode with MAGIC-II (the MAGIC-I telescope

X-ray observations were performed bYMM-Newton WaS not operational) for 23.4 hours. After selecting goadtity
when the source was at an orbital phage = 0.0 data, a total of 21.3 hours remained. The 2013 observatiers w

(Munar-Adrover et dl. 2014). The X-ray flux measured was corf€formed between June 3rd and 5th, just after the perfastro
pared with the radio ULs, resulting in a ratio compatiblehwitP@SSage (see Figure 1) in stereo mode. The source was abserve
the correlation derived in_Corbel et al. (2013) for BH LMXBsfor_a total Of~3'3h during this period. A summary of the obser-
and comparable to the faintest BH LMXBs detected. A sear¥Ations is shown in Table 1.
for hard X-ray emission has been conducted WRiTEGRAL The observation of June 4, 2018 £ 0.08) lasted for 1 h
(Liet all2013) with no positive detection in the 18-60 keV erand was taken almost simultaneously witiXsIM-Newtonob-
ergy band reported for a total exposure time of 2.1 Ms. servation KMM-Newton started observing right after MAGIC
In addition, theMAXI mission, which continouosly monitorsfinished its observationsjhe results of which are reported in
the X-ray sky in the 2—20 keV band, has not detected emissidunar-Adrover et al.|(2014). MWC 656 was also observed with
coming from the AGL J22444454 positioB on the same date the fiber-fed STELLA Echelle Spectrograph (SES) of the 1.2m
as of theAGILE detection. robotic STELLA-I (ST) optical telescope_(Strassmeier et al
In this work we present the results of the observations [3004) at the Observatorio del Teide in Tenerife on the nights
MWC 656 carried out with the MAGIC telescopes in 2012 an2ind, 3rd, 5th and 8th of June 2013. The spectra cover the wave-
T http:// fermisky blogspot. con.es/2016/07/ length range 3870-8800 A with increasing inter-order géqos-s
extra-note-july-30-2010.html ing at 7200 A. The spectrograph provides #ieetive resolving

2 Phase 0 has been set to the maximum of optical brightness,Q)(?WerOfR =55000. Two spectralwere obtained on the night; of
HJD 2453243.3 (MJD 53242.8). With the ephemeris from Casarral. 2 and 5 June and one on the nights of 3 and 8 June. The inte-

. Observations

(2012), the periastron passage occurs at phase:00010. gration time was set to 1800 s per spectrum while the autemati
3 lhttp://maxi.riken.jp/top/index.php?cid=1&jname= pipeline products were used for the extraction and calitomaif
12242+447#1sp the spectra.
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TrToTTTrTTTTTTTTmTTT T T T T T T T Table 2: Integral flux ULs foE > 300 GeV calculated at 95%

Lor 6o ooy ¢ MAGIC202May 4o for MWC 656 for each orbital phase range.
r vse MAGIC 2012 June 1
e N MAGIC 2013 June = —
XMM-Newton 2013 Tmme |~ Mode  Phase bin Integral UL Significance eft
AGILE 2010 July ] (E >300 GeV)

] (102 cm? st (o) (h)
1 1 stereo 0.0-0.1 2.0 1.0 3.3
To Chsorver 4 mono  0.2-0.3 8.7 21 4.9
o ] mono  0.8-0.9 6.5 1.0 11.5

6—0 1 mono  0.9-1.0 2.5 -1.1 4.9
‘ ‘ ‘ No signal was detected and integral ULs for bins 6f1 in phase

To 15 20 have also been computed. (See Table 2)

We have computed flerential flux ULs from the energy
. o ] threshold of our analysis (245 GeV) up to 6.3 TeV at 95% CL,
Fig. 1: Depiction of the orbit of the MWC 656 system as segpjth five bins per decade of energy (see Figdre 2).
from above. The optical star MWC 656 lies at the focus of the The MAGIC observations carried out on June 4, 2013 were
ellipse and the BH follows the elliptical orbit. The size okt performed almost simultaneously with %MM-Newtonobser-
star is scaled with respect to the BH's orbit. The MAGKBM-  yation. The detected low X-ray flux was consistent with the
Newtonand AGILE observations are overlaid along the orbitsgyrce being in the quiescent state (defined in terms of the Ed
Circles represent steps of 0.1 orbital phases while tr@swgiark - dington luminosity, when L« 10-5Lgqq) during the observation
the periastron and apastron phases, which are linked by-a dffunar-Adrover et dl. 2014). The MAGIC integral flux UL for
ted line. Squares mark the position of the inferior and sioper jyne 4 isF(E > 300GeV) < 4.9 x 10712 cr2 s°L. There is
conjunctions. no specific information about the X-ray state of the binary-sy
tem during the 2012 observations. Other space missionsagich
MAXI have not reported emission from MWC 656 during the
2012-2013 campaign, which might be indicative of a quietscen
The MAGIC data analysis was performed using the stastate as well,
dard MAGIC analysis and reconstruction software, MARS Finally, the STELLA spectra, contemporaneous with the
(Zanin et al.[ 2013). The recorded shower images were ca&P13 MAGIC campaign, shows the presence of the double
brated, cleaned and parametrized (Hillas 1985; Aliu tG09. peaked He IN4686 emission line with an equivalent width com-
They/hadron separation (background rejection) is performed \parable to that reported in Casares et al. (2014). We alsztet
the Random Forest (RF) methad (Albert et al. 2008). The evether emission lines, mainlydd Hg and weak Fell lines with
direction and the energy of the primary gamma ray were recagpmparable strength to that measured by Casares et al.)(2012
structed, in the case of mono observations, also by using a RFerefore, we conclude that MWC 656 is in a similar optical
method. The energy of each event in the case of stereosdopicsiate as in past observations, the 2013 X-ray observatmiis i
servations is estimated using look-up tables generateddyéd cate a quiescent state, and hence the accretion activitydshe
Carlo simulations (Alekgi et all 2012). Upper limits (ULs) were very similar.
derived using the method explained.in Rolke etlal. (2005) wit
CL of 95% and a systematic uncertainty of 30%, assuming djf- _. . .
ferent photon indexe§'(= 2.0, 2.5 and 3.0). The values obtained: PiScussion and Conclusions

results reported in this paper are foe 2.5. Be/BH binary system, MWC 656. The VHE observations per-
formed by MAGIC can exclude a VHE flux based on the ex-
trapolation of the emission from th&GILE detection. Assum-
ing a power-law spectrum and a photon index= 2.5, this
No significant gamma-ray emission was detected froemission would be- 4 x 107! Tev~! cm™ st at 300 GeV
MWC 656 in either observational campaign. Furthermore, fbyre ~ 2 x 103 erg s1), which is well above the UL imposed
significant signal was detected in a day-to-day analysis. by MAGIC. However, no flaring episodes were reported during
We computed 95% confidence level (CL) integral flux ULthe MAGIC observations, limiting the conclusions we carider
above 300 GeV. The integral flux UL for the whole observationfom the HEVHE comparison.
campaign of MWC 656 i (E > 300 GeV)= 2.0x 107 *? cm™ In this type of binary, several mechanisms have been
s1 (~2.4% of the Crab Nebula flux at the same energy and cgroposed that would result in gamma-ray emission above
responding to a luminosityyue ~ 10%erg s1) at 95% CL, tens of GeV [(Remillard & McClinto¢k 2006; Fendér 2006;
assuming a power-law model with a photon index 2.5. Zdziarski et al. 2014). Unfortunately, the lack of contemgpo
We divided the observational periods into fourffeient neous data at other wavelengths during A@ILE flare make
phase bins, using a bin width of 0.1 in phase, along with thetmaonclusions on the type of emission model highly specidativ
recent ephemeris (Casares et al. 2014). The phase was lisndtis even possible that th&GILE detection was just a transient
follows: phases 0.8-0.9, 0.9-1.0 and 0.2—0.3 for the 20&® caevent of an unknown nature in the direction of the binary sys-
paign, covering the orbit before the periastron passagatsod tem but not related to it. Neverthelessffdient emission levels
post-periastron phases (see Fiddre 1). The 2013 campaign amuld be expected depending on the state where the system is,
ered the phase range 0.0-0.1, just after the periastroagmssi.e; quiescence or accreting state.

3. Data Analysis

4. Results

Article number, page 3 ¢fi5



A&A proofs:manuscript no. hd215227_v2_ref 3

P I A ‘ ‘ ‘ multaneous anelermi-LAT might have missed short{ 1 hour)
10°7+ = Radio EVN, 2011 January-February E l f MWC 656
L 4 Xeray, 2013 June | gamma-ray tlares rrom .
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Fig. 2: SED of MWC 656 including MAGIC ULs from the 2013
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