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ABSTRACT

The y Cas category is a subgroup of Be stars displaying a strong, bad variable thermal X-ray emission. An XMNewton
observation ofr Agr reveals spectral and temporal characteristics thatlgilenake this Be star another member of #h@as category.
Furthermoresx Aqr is a binary but, contrary tg Cas, the nature of the companion to the Be star is known; itnisradegenerate
(stellar) object and its small separation from the Be stasdwt leave much room for a putatie@mpact object close to the Be disk.
This renders the accretion scenarifiidult to apply in this system, and, hence, this discoveryrfmealisk-related origin for theCas
phenomenon.
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1. Introduction 2. Observations and data reduction

While its peculiar emission had been known for decag€as r Aqr is a variable Be star rotating half-critically (Bjorkmat
was only recognized in recent years as the prototype of a sap-2002; Frémat et al. 2005; Huang & Gies 2008) and display-
arate class of X-ray emitters. Currently, there are a dozen fBg anomalous features in the UV domain (Smith 2006). XMM
stars belonging to this category (9 objeetst candidates, we Newton observed this object in mid-November 2013 for 50ks in
refer to Smith et al. 2016 for a review). Their X-ray luminosithe framework of our legacy program on B stars (Pl Nazé, ObsID
ties exceed the faint intrinsic emission of massive staray 0720390701). The data were reduced with SAS (Science Anal-
order of magnitude, but are significantly below the brightem ysis Software) v16.0.0 using calibration files availabl&pring
sion from accreting high-mass X-ray binaries. Hh€as high- 2016 and following the recommendations of the XMWiéwton
energy emissions appear thermal in nature, though with ya vesant.
high (10-20keV) temperature component, and they are \ariab  After the initial pipeline processing, the EPIC (European
on timescales from minutes to years. ~Photon Imaging Camera) observations, taken in full-fraroden
Two classes of scenario have been proposed to explain thggg with the thick filter (to reject optica)V light), were fil-
properties. The f|r§t one considers accretion onto a cor_mtact tered to keep only the best-quality datarfern 0-12 for MOS
ject. This companion is usually considered to be a white 8waind 0—4 for pn). Background flares were detected and times for
(see e.g., Murakami et al. 1986), though the neutron stasiposyhich the count rate beyond 10 keV was greater than 0.2kts s
bility was recently revived by Postnov et al. (2017). In tatdr  for MOS and 0.5 cts for pn were cut before engaging in fur-
case, if the magnetized neutron star spins fast enoughctheter analyses. A source detection was performed on each EPIC
cretion might be inhibited (the so-called “propeller” sta@nd dataset using the taskletect_chain on the 0.4-10.keV energy
the resulting X-ray luminosity remains moderate. The sdcoBand and for a log-likelihood of 10. The equivalent on-axis,
scenario invokes Be-disk magnetic interactions, with nedign fu|l point spread function (PSF) count rates in this band are
reconnections giving rise to X-rays (Robinson & Smith 200@;,726:0.004, 0.7180.004, and 2.2060.008 cts s* for MOS1,
Sr_ni_th etal. 2016). The stellar magnetic field would be la=adi  MOS2, and pn, respectively. Since those values are slighidy
arising from subsurface convective layers at the equatagtee the pile-up limits for the full frame mode, we checked for the
with the overall lack of global, dipolar fields in Be stars (&8¢ presence of pile-up using the taggatplot, which calculates the
hut et al. 2012). Such localized features would also exglen distribution of event patterns, and found no obvious sigreabf
observed UV photometric and spectroscopic variations{Beti pjle-up. Nevertheless, all further analyses were perforo-
al. 1998). o ~ sidering two regions; a circle and an annulus to excise therpo
Itis in this context that we report in this letter, for the firstially piled-up core of the PSF.

time, the X-ray properties of the Be staAqr (B1V, Bjorkman  \ye extracted EPIC spectra sfAqr using the taskespecget
et al. 2002), and their resulting constraints on the oridithe i, circular regions of 50 radius for MOS and 35 for pn (to
y Cas phenomenon. avoid CCD gaps) centred on the Simbad positiomr 8Qr. We

* Based on observations collected with the ESA science nrlissi@ISO extracted the spectra using annuli with inner radiidite

XMM -Newton, an ESA Science Mission with instruments and contri=
butions directly funded by ESA Member States and the USA (NAS ! SAS threads, see
** FR.S.-FNRS Research Associate. httpy//xmm.esac.esa.ifsagcurrentdocumentatiofthreads
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five half instrumental pixel size (i.e., 2.75 and 10'26r MOS o5 os .
and pn, respectively) to avoid systematic flux inaccuraciésr e
the background, a circular region with the same radius as the
source was chosen in a region devoid of sources and as close
as possible to the target. Dedicated Ancillary Response Fil
(ARF) and Redistribution Matrix File (RMF) response matri-
ces, which are used to calibrate the flux and energy axes, re-
spectively, were also calculated by this task. EPIC speotta
grouped withspecgroup to obtain an oversampling factor of five
and to ensure that a minimum signal-to-noise ratio of 3,(ae.
minimum of 10 counts) was reached in each spectral bin of the
background-corrected spectra; unreliable bins below Ke®5
were discarded. EPIC light curves nfAqr were extracted for
time bins of 5, 10s, 100s, and 1ks in the same regions as the
spectra, and in the 0.3-1.0 (soft), 1.0-2.0 (medium), D®-1 _ *
(hard), and 0.3-10.0keV (total) energy bands. These were fu= ooz L]
ther processed by the tasgiclccorr, which corrects for loss of = |
photons due to vignettingfidaxis angle, or other problems such g o.0001 }
as bad pixels. In addition, to avoid very large errors, we dis 3 NIM
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carded bins displayingfective exposure times lower than 50%
of the time bin length.
Reflection Grating Spectrometer (RGS) data were also pro-

cessed using t_he initif_il pipeline. As for EPIC data, flarerfiitg Fig. 1. The three EPIC spectra (top, MOS1 in black, MOS2 in red, and
was also applied (using a threshold of Q.lCS.sThe source pn in green) extracted in a circular region centeredréyr and the
and background spectra were extracted in the default re@isn compined RGS spectrum (bottom). A close-up on the Femplex,

there is no neighboring object. Dedica’_[ed response files valf  ith the positions of the three components shown by dotteeks|iis
culated for both orders and both RGS instruments, and wére Skicluded in the top panel. The EPIC data extracted in an ansolurce

sequently attached to the source spectra for analysiselm ®f region (see Sect. 2) are similar, but noisier.
the spectral shape, a grouping was performed to obtain sit lea
20 cts per bin. There is no pile-up in these data.

Flux

10 15 20
A(R)

Be stars are known to not host such fields (see, e.g., Gruhhut e
o al. 2012). In addition, the X-ray luminosity is too large fmn-
3. Spectral characteristics tamination by a (putative) pre-main-sequence (PMS) compan

The X-ray spectrum ofrAgr is shown in Fig. 1. The high- ion, and too small for X-ray binaries. However, a luminosify

resolution RGS spectra appear rather featureless, thoitph WO *ergs™ is quite typical of the subclass of Be stars called
a detectable slope - there is only marginal evidence for tas-p v Cas objects (see the review of Smith et al. 2016, and refesenc

: : o Lherein).
ence of N\vii24.78A. If lines exist, they are buried in the noise In the context ofy Cas objects, the X-ray emission oAqr

The lower-resolution EPIC spectra, however, reveal thesliof ;
pears much more typical, and not only because of the flux. In

the Fekr complex - the iron fluorescence line at 6.38 keV, an ) 4 )
the two ionized iron lines at 6.67 and 6.96keV. The presend@ed: their spectrum is characterized by the presence afya ve
ot plasma, around 10-20keV, as we observe. This hot compo-

of the latter two lines clt_aarly indicates that_ th_e plasmahix+ pent is often accompanied by lower temperature plasma kSmit
mal, and we therefore fitted the spectra within Xspec v12.9. I al. 2004: Lopes de Oliveira et al. 2006, 2010: Torrejérlet a

using an absorbeapec complemented by a Gaussian line to fi ;
the fluorescence feature. Table 1 provides these fittindtsdign  20+2), but not always (Rauw et al. 2013). Also, iron abunéanc
is found to be subsolar for such objects (e.g., Lopes de tdive

both extraction regions. It shows that, as expected fepai- ; . S
plot results, pile-up is very limited since the derived paranrseteet al. 2007). Therefore, we did additional spectral fittirajow-

o : : : for non-solar iron abundances and considering eitherasn
are similar for both extraction regions (wiithout the core). N9 _ : Ithero
Nevertheless, we also attempted a fit with a power law, with Lo thermal (éompol?er;tsﬂ(]see Tgblﬁ 1);[;25 f'tbqlrj]a“ty sl!%(ghtl
additional Gaussian line which fitted the 6.67 keV line (saelg 'MProves, and results furinér underiine thasqr benaves like
1. othery Cas objects. In contrast, such a high temperature is not

The X-ray flux in the 0.5-10.keV energy band correctdy€sentin “normal” or magnetic OB stars. Furthermore, the a
for interstellar absorption, can be compared to the bpflual sorbing column needed in addition to the interstellar ortaéchv

To this aim, we first use the distance and bolometric lumino&fPresents local absorption, is also similar to those dérfor

ties of Bjorkman et al. (2002d=340pc, loglgoL/Le)=4.1), othery Cas objects.
which yields Ly = 1.5 x 10%?ergs® in 0.5-10.keV and
log(Lx/LsoL) = —5.5. Choosing instead the values of Zhariko
et al. (2013,d=740pc, loglgoL/Ls)=4.7) yieldsLx = 7.0 x
10°2erg st and log(x/LgoL) = —5.4. The value of the ratio is The evolution of the X-ray emission afAqr during the XMM-
clearly larger than the value of ldg{/LgoL) ~ —7 typical in Newton exposure is shown in Fig. 2. As can be seen, large vari-
this energy band for “normal” O and very early B stars, knovations in flux are detected, of a factor-f3 when considering

ing that this ratio is often lower for B1 stars (Nazé et al. 201 1ks bins. These changes in flux are not accompanied by changes
Rauw et al. 2015). It is also larger than expected for massivehardness: the hardness ratios only show limited variatio
stars with strong, large-scale (dipolar) magnetic fieldazéet The variations occur on both short and long timescalesether
al. 2014), though this could appear irrelevant in this cetrgmce are short flares superimposed on slower variations. Sugfht li

M. Temporal variability
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Table 1. Results of the spectral fits.

Modelstbabs;sm * phabs  (apec + gauss), or tbabsigm * vphabs * (3 vapec + gauss) for * and**, thabs;am * (vphabs; * vapec; + vphabs, * (vapec; + gauss)) for

Ny kT norm centeriine strengthyine x? (dof) Fobs
(10%?cm) (keV) (103cm) (keV) (10®phcent?st) (10tergent?s™)
EPIC, C 0.2150.002 11.40.2 6.32:0.02 6.37%0.019 5.350.86 1.23 (804) 1.0580.004
EPIC, A 0.223:0.003 10.40.2 6.410.02 6.3550.020 5.7&1.24 1.20 (754) 1.0640.005
EPIC+RGS, A 0.2250.003 10.50.2 6.39:0.02 6.3550.022 5.841.18 1.20 (1218) 1.0570.005
EPIC+RGS, A  0.235:0.004 10.50.3 6.48:0.02 6.3740.022 6.191.19 1.15(1217) 1.0420.006
EPIC+RGS, A* 0.238:0.004 1.4%0.18 0.190.07 6.3720.021 5.841.19 1.12 (1215) 1.050.007
12.0:0.5 6.36:0.05
EPIC+RGS, Al 0.+0.03 1.440.13 0.140.06 1.11 (1214) 1.0480.006

0.263:0.010 11.60.5 6.420.04 6.37@0.015 5.821.18
Modeltbabs gy, * phabs: (pow + gauss)

Ny r norm center|ine strengthiine x? (dof) Fobs
(10?2cm?) (103cm) (keV) (105phcent?s?) (10Mergenr?s)
EPIC, C 0.28#0.004 1.59%0.007 1.71#0.014 6.6840.005 1.250.10 1.32 (804) 1.0540.004
EPIC, A 0.3020.003 1.6180.006 1.8060.011 6.68%0.023 1.260.14 1.29 (754) 1.0640.006

EPIC+RGS, A 0.30@:0.004 1.6080.007 1.7780.014 6.6760.009 1.190.14 1.28 (1218) 1.0620.006

Notes. “EPIC” indicates a simultaneous fit of all EPIC spectra, “EPRGS” a simultaneous fit of all XMMNewton spectra; and “C” and “A’
indicate EPIC extractions in a circle or annulus (see SgcTI interstellar column was fixed talBx 10?° cm? (Gudennavar et al. 2012) and the
Gaussian width to zero since these lines are not resolvedb@ Eameras. Solar abundances of Asplund et al. (2009) veexkexcept for cases
marked by, **, or ¥: in these casesapec andvphabs were used and the best-fit abundances of iron in numberivestathydrogen and relative

to the solar value amount #&, = 0.62+ 0.05,AZ, = 0.71+0.05, andA’, = 0.67=+ 0.05, respectively. Fluxes, expressed in the 0.5-10.0 keV band
correspond to observed ones. Errors (found using the “ecmmmand for the spectral parameters and the “flux err” condrfar the fluxes)
correspond to &; whenever errors were asymmetric, the highest value isgedwhere.

HD212571 LCs, 1000s, circle HD212571 LCs, 1000s, circle HD212571 IC for 10s bin in circle
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Fig. 2. Left and middle: Background-subtracted lightcurves, with a 1ks bin and fecent energy bands, recorded with the three EPIC cameras
and with the RGS (MOSL1 in black, MOS2 in red, pn in green, comation of both RGS and both orders in blue) extracted in aitdaraegion
aroundr Agr. The EPIC data extracted in an annular source region3set 2) are similar, but noisieRight: Background-subtracted lightcurve
with a 10s bin recorded for pn, along with its Fourier perigidon (Heck et al. 1985). The green dotted line indicatesyihieal +10- error around
each data point. The short-term variations clearly areelattyan this, demonstrating the presence of flares.

curve is clearly reminiscent of what was detected with XMM(2010), probably because of the larger noise in our datss Thi
Newton, Chandra, or RXTE for othery Cas objects (Smith et al. noise also prevents us from significantly detecting veryrtsho
2006; Lopes de Oliveira et al. 2010; Smith et al. 2012; Tdmej events associated with increased absorption (Hamagueti et
et al. 2013; Shrader et al. 2015) but agaiffetent from what 2016).

is observed in “normal” or magnetic OB stars (e.g., Nazé et al Longer-term variations may also exist. Unfortunateljgr
2013, 2014). Analyzing the light curves with period sear@iim was observed only twice previously in the X-ray domain, both
ods (Heck et al. 1985; Graham et al. 2013) yields no obvious peith short exposures. The first observation (with 275s dura-
riodicity, marking the absence of pulsations. The perigdoyg tion) was taken in the framework of tHROSAT All-Sky Sur-
tends to increase at low frequencies, however this simply rey (RASS).xAqr was reported under the name of 1RXS
flects the presence of slow variations; those timescalesotlo 8222517.8012238 with a count rate of 0.128.023 cts s* (Vo-
yield a coherent folded light curve. In log-log scale (Fiyj.the ges et al. 1999). This rather high count rate, which added to
periodogram appears similar to that found for HD 110432 withe peculiar character afAgr, was remarked by Smith (2006).
Chandra (Torrejon et al. 2012); it does not show a cledrf 1 The hardness ratio, computed from € A)/(B + A) where A
trend, as detected notably jnCas by Lopes de Oliveira et al.and B are the count rates in the 0.5-0.9 and 0.9-2.0keV do-
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mains, respectively, amounted to 04B17. Though the ratio occur in strongly magnetic cases but with &efient light curve
is not well constrained in view of its large error, it is céntsg  (a short, localized, and single flare), less extreme tenyners,
positive, indicating the source to be rather hard, in agergmand less extreme luminosities than observed here (Robfdde 2
with what we observed. We folded our best-fit thermal modeahd references therein). F-type stars, even if on the PMS, di
(Table 1) through the response ROSAT (for gain=1 and the play coronal X-ray emissions with levels 10*' ergs* (Giidel
PSPCB camera, as adequate for the RASS), and found a cd&iMazé 2009). Such stars cannot account for the observed X-
rate of 0.188 cts3 in the 0.1-2.0keV energy band. The brightrays, which are thus truly associated with the Be star.
ening between 1990-1 and 2013 thus amounts50%, but it As recalled in the introduction, two main models currently
should be noted that both values are compatible at thiedel. compete to explain the Cas-like behavior in X-rays: Accre-
The second X-ray observation (about 2s)r@iqr occurred in tion onto a compact object (Postnov et al. 2017, and refesenc
May 2004 during a slew of XMMNewton. = Agr was then cat- therein) and magnetic interactions in the disk (Motch e2@1.5;
aloged as XMMSL1 J222517+@12223 with a combined EPIC Smith et al. 2016). In this context, it must be noted that the
count rate of 2.40.7ctss! in the 0.2-12.keV range (Saxtoncompanion on the circular, 84.1d orbit is certainly not a eom
et al. 2008) or as XMMSL2J222517.8012226 with a count pact object (Bjorkman et al. 2002; Zharikov et al. 2013) ded,
rate of 2.8&1.1cts s'. In contrast, the same XMNiewton team the large mass of the companion is incompatible with masses
used our observation to derive a count rate in the 3XMM caif white dwarves and neutron stars (Ozel & Freire 2016). Fur-
alog (wherer Agr appears as 3XMM J222516-:612238) of thermore, the orbital configuration ofAqr provides strong con-
3.73:0.01cts st in the same band and for the same instrumesiraints: The companion afAqr is located aasin()=0.96 AU
combination as for the slew survey. Again,-80% brightening (Bjorkman et al. 2002, with an inclination 70°) and the cir-
is detected, but this fierence is only at the 1e2level. How- cumstellar disk has a radius of B (Zharikov et al. 2013), or
ever, it may be noted that brightenings were detected inrottmne third of the separation. With such a geometry, there is no
v Cas objects with similar amplitude (e.d.x = 3.5 - 8.8 x much room in the system to place a compact object relatively
10°2ergcnt?s™t for HD 110432 using RXTE in Smith et al. close to the Be star, and a putative compact companion itestab
2012) or similar timescales (e.g., years fo€as in Motch et orbitwould have to be quite distant from the-B&F pair, render-
al. 2015), while they are not observed in “normal” OB statge T ing wind accretion much lesgfeient than required. The detec-
detection of long-term changes actually provides furtppert tion of ay Cas-like behavior in the stellar binayAqr therefore
for the identification ofr Aqr as ay Cas object. seems to favor the magnetic interaction model.
Further investigation is needed, though, as the curreatdat

) ) ) only probes a single epoch. The X-ray emission 8fyr should
5. Discussion and Conclusion now be monitored, along with its optical characteristiagssev-
eral timescales; in particular the 84.1 d orbital perioddsidisk
ariations occur with this period; Zharikov et al. 2013) higo
onger timescales to probe outbursts. Only then will thecerex
lationship between the disk and the X-ray emission be uesteil
and they Cas phenomenon fully understood.

Our XMM-Newton observation ofr Agr clearly reveals it to be-
long to the class of Cas objects; it has a hard, thermal X-ra:
spectrum KT ~ 10.5keV) with moderate absorptioN§ ~
2 x 10?tcm?) and moderate brightness (Iag(/LgoL) ~ —5.5).
The iron fluorescence line is detected, further indicating t
presence of cooler circumstellar material as expectednarau Acknowledgements. We acknowledge support from the Fonds National de la
Be star. FinaIIy, as usual fquas ObjeCtSzT Aqr displays flux Recherche Scientifique (Belgium), the Communauté FramagisBelgique, the

o p - PRODEX XMM-Newton contract, and an ARC grant for concerted research ac-
variations on short (mmUteS)’ medium (hours), and Iongu(y)s tions financed by the French community of Belgium (WalloBiassels Federa-
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Could this conclusion be misled? Let us examine the stel-
lar properties ofr Aqr. The star is known to display large vari-
ations of its emission lines. A very active phase occurrethfr
the 1950s to 1995 but the emissions have been much smdréferences
since then; though they are still somewhat variable (se€lFaff Asplund, M., Grevesse, N., Sauval, A.J., & Scott, P. 2009A&R, 47, 481
Bjorkman et al. 2002 and Fig. 3 of Zharikov et al. 2013). Th@jorkman, K. S., Miroshnichenko, A. S., McDavid, D., & Pogteva, T. M.
BeSS database provides spectra obtained on 15 and 19 Nov?:rrrfrggtzv \(Aszé?eYC&JSlliubert A-M.. & Floguet, M. 2005, AGAd0, 305
ber 2013, bracketing our X-ray exposure date. Bothprofiles .2 113" rake. A3, Djorgovski, S. G, Mahabal, A &Donalek, C.
are similar and in agreement with the known properties of thep13, MNRAS, 434, 2629
star (the violet emission peak is slightly stronger thanrée Grunhut, J. H., Wade, G. A., & MiMeS Collaboration 2012, Ainean Institute

one, as expected for that date, and BW is ~ 3 A, compatible Gu?jl;irr:g\s/gf gogfeéeu”bcbelys‘;”%s' gﬁgih?}( & Murthy, Z120ApJS, 169, 8
with the “low” state - see Zharikov et al. 2013 for compari ONGudel, M., & Nazé. Y. 2009, AGA Rev.. 17, 309 ' T

nAgr was thus not in a peculiar state at the time of the XMMyamaguchi, K., Oskinova, L., Russell, C. M. P., et al. 2016832, 140
Newton observation. Heck, A., Manfroid, J., & Mersch, G. 1985, A&AS, 59, 63

The star is also known to be a binary. Indeed, Bjorkman 8¢ang, W., & Gies, D. R. 2008, ApJ, 683, 1045-1051
al. (2002) detected sinusoidal motions, witk:84.1d, of both Log%%geg'/‘fzgfﬁs'\gmc“ C.. Haberl, F., Negueruela Danot-Pacheco, E.
the emISSIOI’I and absorptlon Componf—'nts of tlaelie. While Lopes de Oliveira, R., Motch, C., Smith, M. A., Negueruela&lTorrejon, J. M.
the primary has 10-1¥l,, the companion was found to have a 2007, A&A, 474, 983
mass of 2—-3/,, and Bjorkman et al. (2002) consider it to be ahopes de Oliveira, R., Smith, M. A., & Motch, C. 2010, A&A, 51822
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This second version of the slew survey catalog is accestitdeigh  Naz¢, v., Petit, V., Rinbrand, M., et al. 2014, ApJS, 215,66stum 2016, ApJS,
the XSA archive at httpgwww.cosmos.esa.iftelyxmm-newton 224,13)
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Article number, page 4 of 4



Nazé et al.7 Agr in X-rays

Postnov, K., Oskinova, L., & Torrejon, J. M. 2017, MNRAS, 46319

Rauw, G., Nazé, Y., Spano, M., Morel, T., & ud-Doula, A. 20A3,A, 555, L9

Rauw, G., Nazé, Y., Wright, N. J., et al. 2015, ApJS, 221, 1

Robinson, R. D., & Smith, M. A. 2000, ApJ, 540, 474

Robrade, J. 2014, Putting A Stars into Context: EvolutionyiBnment, and
Related Stars, 425

Saxton, R. D., Read, A. M., Esquej, P., et al. 2008, A&A, 4801 6

Shrader, C. R., Hamaguchi, K., Sturner, S. J., et al. 2013, A9, 84

Smith, M. A., Robinson, R. D., & Hatzes, A. P. 1998, ApJ, 50459

Smith, M. A., Cohen, D. H., Gu, M. F., et al. 2004, ApJ, 600, 972

Smith, M. A. 2006, A&A, 459, 215

Smith, M. A., Henry, G. W., & Vishniac, E. 2006, ApJ, 647, 1375

Smith, M. A., Lopes de Oliveira, R., & Motch, C. 2012, ApJ, 763

Smith, M. A., Lopes de Oliveira, R., & Motch, C. 2016, Advasce Space
Research, 58, 782

Torrején, J. M., Schulz, N. S., & Nowak, M. A. 2012, ApJ, 758, 7

Torrejon, J. M., Schulz, N. S., Nowak, M. A., Testa, P., & Rede J. 2013, ApJ,
765, 13

Voges, W., Aschenbach, B., Boller, T., et al. 1999, A&A, 3389

Zharikov, S. V., Miroshnichenko, A. S., Polimann, E., et2013, A&A, 560,
A30

Article number, page 5 of 4



