Exposing the symbiosis of 3A 195819
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Abstract 3A 1954+319: A Rare Typeof X-ray Binary

Symbiotic X-ray Binaries (SyXB) are a rare classs( 3A 1954+319 was detected as a highly variable X-ray source in sur-

known members) of Low Mass X-ray Binaries (LMXB), In S veys byUhuruandAriel V (Forman et al., 1978; Warwick et al., 1981).

which a compact object accretes material from an evolved Masetti et al. (2006) identified the M-type giant companiplacing

M-type giant companion. The SyXB andaccreting pul- | L A R the source into a small group biM X B wind accretors (Nespoli et al.,

sar 3A 1954+319 is further exceptional since it has the oA 2010). The orbital period is not known.

ongest p.lélsi period knr?vvr[r]mr anf X-rzéy Sl undefr-5 0 Corbet et al. discovered-eb h period in the 2005 BAT data and inter-

g%eﬁ :)?gr t(r:weainn%gf\’/a\;v ZEOSVilgofgnmosrﬁ?onre% r\?v';?;if?_ 1 preted it as the neutron star’s pulse period (Corbet et @06 22008).

BAT orobably an indication of the expected strong inter- In 2008 the source sho_vved renewed activity, obs_,grved asfihe /IN- |

actié)n with the dense M-giant wind TEGRAL Cygnus Region Key Program. In addition to a strong spin-
' up of —1.8 x 10* hh™ (red crosses in Fig. 1) we found that thB.3 h

We present an analysis ofGhandra observation pe_rformed pulse was directly visible in the 20keV INTEGRAL lightcurves
on 2010, December 26, and &XTE observation per- (Marcu et al., 2011)

formed on 2011, January 10-11. TBevift-BAT context q heck for S £ the d ol nd
shows that during both observations the source was in a : N Iy eifale Lo 266 U s EIYIRUINES B IS CIENES e (e Er Bilie) B [ISlE
formed gquasi-simultaneoushandragrating andRXTE observations

state of comparatively stable and low hard X-ray flux. We iﬁ : . o
discuss the broad bariaseline” spectrunand compare it T . | | | L on 201012/26 and 20101/10, respectively. As can be seen in Fig. 1

53500 54000 54500 55000 55500 56000 they happened during a long spin-down trend that reversédren

to the two earlier X-ray broad band studies described in the Time [MJD] _ _ _
literature. Strongdlaring activityon timescales of hundreds cently. According to BATthe pulse period had increased+5.6h

to thousands Of Seconds iS Observed and Studied N the ||ght FiGure 1: TOpZ Swift-BAT 15-50keV |ightCUl’V€ [COUI’]'[S_é cm‘z]. Bottom: (NZO kS) and the> 15 keV source ﬂUX was 10-20 mcrathWing

: : : : BAT pulse period evolution with estimated values for theandra& RXTE comparatively little variability on timescales of weeks.
of a possible accretion shock interpretation. observations. Red crossdATEGRAL data.
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Ficure 2; ChandraVEG & HEG 1st order spectrum with bestfit and residuals for tifferent models. Fiure 3: RXTE PCA PCU2 spectrum with bestfit and residuals for twietent models.
Left: tbnewx (bbody+gauss[Fe]). Right: tbnewx (comptt+gauss[Fe]). Left: tbnewx (bbody+gauss[Fe]). Right: tbnewx (comptt+gauss[Fe]).

We extracted the 1st order MEG and HEG grating speet8d ks each), rebinned them (SNR We extracted the PCA PCU2 spectrurBbks) using thestandard2f binning and modeled
4.5, no. of channels 16), and modeled them jointly in the energy range 1.8-9.0 Réferent it in the energy range 2.5-20 keV. Not unexpectedlyithedy continuum does not provide a
versions of cutf power law modelsdutoffpl, highecut, fdcut) only resulted in good fits good description into the higher energy range (Fig. 3, .Iddifferent versions of cutbpower
for unphysical parameter$ (< 0). Acceptable fits of comparable quality were obtained for law models, e.g.cutoffpl (x;/dof=1.4335), as well axomptt (y;/dof=1.4§34; Fig. 3,
both thediskbb (y2/dof=1.0991; Fig. 2, left) and theomptt (2 /dof=1.0489; Fig. 2, right) right) provide acceptable fits of comparable quality. diskbb: No good fit.
continuum. cutoffpl: Ny = 45795 x 10°F*cnmr?, Ae. = 0.8(3)x 10* phcm? s,
diskbb: Ny = 3.3(1)x 10P2cmr?, kT, = 1.64(3)keV,Are = 1.1(7) x 10 phcm? s Eoa = 1975 keV, T = 1.46(8)
comptt: Ny = 2.0(2) x 10?2 cm?, KT, = 1.2(1) keV,Ax = 1L.1(7)x 10 phenr? s, comptt: Ny = 2.0%; x 1072cmr?, KT, = 1.0(1) keV, Aee = 1.0(3) x 107 phcnr? s,

kT. > 2keV,r < 7 (only Comptony is constrained) KTe = 5.6%¢ keV, 7 = 4475
Apart from the known Fe K line at 6.4 keMive do not detect any emission or absorption lines These results are qualitativedgnsistent with those found by Marcu et al. (20fdh)thecomptt
For theChandralata alone no complex absorptiohot plasma emissiomp¢fabs, windabs, model and with the exception of not requiring complex abgorpor a soft excess also with
mekal; Masetti et al., 2007) or low temperature black body (Mattaina., 2006) is required. those of Mattana et al. (2006) fantoffpl and with Masetti et al. (2007) faromptt.
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Ficure 4. Left: SummedChandraMEG & HEG 1st order0.5-10 keVlightcurve with 104.4 s resolution. Flares Ficure 5: Left: Background-subtracte’XTE PCA PCU22-20 keVlightcurve with 160 s resolution. Flares with
with rates> 1 cps are marked in red. Right: Count rate distributionsrdateed using 26.1 s bins (i) for the total rates> 39cps are marked in red. Right: Count rate distributiongm@hed using 16 s bins (i) for the total
lightcurve in black and (ii) for the time intervals defined b§4.4 bins with more and less than 1 cps, in red and lightcurve in black and (ii) for the time intervals defined b§0 bins with more and less than 1 cps, in red and
green, respectively. The distribution of the overall lothamic count rates can be described with two Gaussians green, respectively. The distribution of the overall lothanic count rates can be described with two Gaussians
which at the same time provide a good characterization dfldane and non-flare distributions (solid lines). which at the same time provide a good characterization dflane and non-flare distributions (solid lines).

The summed MEG & HEG 1st order lightcurve over the total epdrgnd spans two pulse The PCAstandard2f lightcurve over the total energy band spans 5.5 pulse cyElgs5, left).
cycles (Fig. 4, left). It showstrong flaringbehavior, similar to the variability observed by Like the Chandrdightcurve as well as like earlier observations (Masetlet2007) it shows
Masetti et al. (2007) in lightcurves fromdeppoSaxand other instruments. Especially during strong flaring Again thepulse profile is not clearly visibldurther complicated by the fact the

the first pulse cycle thiprevents the pulse from being visiblehile the two main flares during total observation time corresponds to only two pulse cycles

the second pulse cycle are reminiscent of the double-peaicddie seen above 20 keV with While the count rate distribution can be well described by tog-normal components in this
INTEGRAL (Marcu et al., 2011). case as well (Fig. 5, right), the ratio of flare to non-flareshis very diferent. The ratio of
The count rate distributiocan be well described qualitatively Iwro log-normal components the peak heightfor Chandrais about %3, i.e.,times of flaring dominatewhereador RXTE
(Fig. 4, right). A similar study of the prototypical wind-@etor Vela X-1 by Furst et al. (2010) it is about 15, I.e.,times without flaring dominateFuture work has to show whether the two
has recently shown that its variability can be described g log-normal component, which components observed f@handraand RXTE correspond to each other and, if yes, whether
has been interpreted as a possHuteretion shock signatucé a clumpy wind. their different ratios are due toftkerent spectra or an evolution over time.
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