arxXiv:0811.2271v1 [astro-ph] 14 Nov 2008

Flaring variability of Microquasars
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Abstract. We discuss flaring variability of radio emission of microgaes, measured in monitoring
programs with the RATAN-600 radio telescope. We carried auhulti-frequency (1-30 GHz)
daily monitoring of the radio flux variability of the microggars SS433, GRS1915+105, and Cyg
X-3 during the recent sets in 2005-2007. A lot of bright skiorte flares were detected from
GRS 1915+105 and they could be associated with active Xvamts. In January 2006 we detected
a drop down of the quiescent fluxes from Cyg X-3 (from 106-@0 mJy), then the 1 Jy-flare was
detected on 2 February 2006 after 18 days of quenched radssiem The daily spectra of the
flare in the maximum were flat from 2 to 110 GHz, using the gsasiultaneous observations at
110 GHz with the RT45m telescope and the NMA millimeter awbMRO in Japan. Several bright
radio flaring events (1-15 Jy) followed during the contirgugtate of very variable and intensive 1-
12 keV X-ray emission{0.5 Crab), which was monitored in the RXTE ASM program. SAB&T
ASM hard X-ray fluxes correlated strongly with flaring radata. The various spectral and temporal
characteristics of the light curves from the microquasawatbe determined from such comparison.
We conclude that monitoring of the flaring radio emission igoad tracer of jet activity X-ray
binaries.
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Introduction

The first idea about cosmic radio sources variability besotm Shklovskij, who
predicted the secular decreasing of the total radio flux fieenSNR Cas A [1]. Strong
variability of the cosmic sources was detected from exteaggi@ sources, quasars and
AGNSs in 60th years, and later from SS433, prototype radidtechiX-ray binary with
merely relativistic jets. Van der Laan developed Shkloysldea to generalize the main
formulae and showed that any synchrotron emitting souroeldhevolve in a similar
manner [[2]. Marscher and Gear [3] were the first who to use 'Rédsa [4] about
internal shocks, running in the jets of flaring quasar 3C273.

Variable synchrotron emission in microquasars, quasat#&@Ns is originated from
outflows of accreting matter in the narrow cone — the two-séiativistic jets, ejected
from polar regions of accretion disks around black holesautron stars. The jets con-
tain magnetic fields and energetic electrons. The tempadhfr@quency dependencies
in the light curves are a key for clear understanding and gwoble test for models
of the physical processes in cosmic jets. A comparison ofdbl® and X-ray variable
emission allows us to provide detailed studies.
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FIGURE 1. Light curves of GRS1915+105 at radio frequencies and at RelY2from September 2005
to March 2006 and light curves of GRS1915+105 at radio fragies and X-ray 2-12 keV and 15-50 keV
fluxes in September 2007.

Observations

We have carried out the almost daily monitoring observatiaets of the micro-
quasars Cyg X-3, GRS 1915+10, SS433 from September 2005 yo2®26, in July
2006, from November 2006 to March 2007 and from December 28@6ébruary 2008
at frequencies from 1 to 30 GHz. The measured multi-frequdigbt curves can be
directly compared with time series of the X-ray observat®¥TE [5] and hard X-ray
data from Swift/BAT (15-50 keV)|[6]. The observations haweh made with the ‘North-
ern sector’ antenna of the RATAN-600 radio telescope in asitanode. As a rule the
errors of measured fluxes of the sources did not exceed 5¢ldepe The details of the
observations, the errors are giveniin [7].

GRS 1915+105: X-ray — radio correlation

The X-ray transient source GRS 1915+105 was discoveredd8 b9 Castro-Tirado
et al. [8] with the WATCH instrument on board GRANAT. An appat super-luminous
motion of the jet components was detected and the deternmirait’' microquasars’ were
coined [9]. Fender et al. [10] discussed the alert obsematof two flares (July 2000),
when for the first time detected the quasi-periodical aatbdhs with P = 30.87 minutes
at two frequencies: 4.8 and 8.64 GHz. Linear polarizatios m@asured at a level 1-2
per cent at both frequencies as well.

In Fig[d(eft) the radio and X-ray light curves are showed for the total $&005-
2006. The nine radio flares have the counterparts in X-ralge. radio spectrum was
optically thin in the first two flares, and optically thick ihd third one (see details
in [11]). In Figld ¢ight) the radio and sort and hard X-ray light curves during the
September-October 2007. Again we see detectable coarlb&tween the radio flare
and a soft X-ray 'spike’ in the high state.

The profiles of the X-ray spikes during the radio flares arartyedistinguishable
from other spikes because its shape shows a fast-rise amubaential-decay. The X-
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FIGURE 2. (right) The RATAN and Swift/BAT light curves of Cyg X-3 from Septemb2005 to
February 2007 and€ft): The daily spectra of Cyg X-3 during the flare in Jan-Feb 2007.

ray spikes, which reflect activity of the accretion disk,wlem irregular pattern. During
a bright radio flare, the spectra of the X-ray spikes beconfiersthan those of the
guiescent phase, by a fraction-080% [11]. But such rule is not universal.

Miller at al. [12] have detected a one-side large-scaleorgeti from GRS1915+105
with VLBA mapping during an X-ray and (IX) radio outburst o83 February 2006
(MJD53789.258). Then the optically thin flare with fluxes 3380, 342, 285, 206, and
153 mJy was detected at frequencies 1, 2.3, 4.8, 7.7, 11,2-aidd5Hz respectively.

Cyg X-3: 2006-2007 — a new long-term active period

During 100 days (September — December 2005) Cyg X-3 was inescgnt state
of ~100 mJy (Fid.R). In December 2005 its X-ray flux began to iasesand the radio
flux at 2-11 GHz increased also. Then the flux density of thecsoat 4.8 GHz was
found to drop from 103 mJy on 2006 Jan 14.4 (UT) to 43 mJy on Jah (UT), and to
22 mJy on Jan 17.4 (UT). The source is known to exhibit radi@$laypically with a
few peaks exceeding 1-5 Jy following such a quenched stadalman et al.l[13] have
showed in the intensive monitoring of Cyg X-3 with the GreeanB Interferometer at
2.25 and 8.3 GHz. The source has been monitored from 2006 940D with the
Nobeyama Radio Observatory 45m Telescope (NRO45m Teleycte Nobeyama
Millimeter Array (NMA) and Japanese VLBI Network telescep®©n Feb 2.2 (UT),
about 18 days after it entered the quenched state, the resérst peak is detected with
the NRO45m Telescope and YRT32m. On Feb 3.2 (UT), the fluxilemseached the
first peak at all the sampling frequencies from 2.25 GHz to.1A@Hz ([14]). The
spectrum at maximum (3 February) of the flare was flat as meddayyr RATAN, NRO
RT45m and NMA from 2 to 110 GHz. The next peak of the active &ven 10 February
reached the level of near 1 Jy again with a similar flat spattiLhen three short-time
flares have happened during a week. The flare on 18 Februathéawerted spectrum
with the same spectral index=+0.75 from 2.3 to 22 GHz.

In the active period (2006) there were two powerful flaresydial4 to 3-5 Jy and
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FIGURE 3. The RATAN and RXTE ASM light curves of Cyg X-3 in July 2006 (hit) and the daily
spectra of Cyg X-3 during flare in July 2006 (left).

May 11 to 12-16 Jy at 2-30 GHz. In the May flare fluxes have growrbwy a factor
~1000 during a day. The change of the spectrum during the flakay 11-19 followed
the model of a single ejection of the relativistic electrom®ving in thermal matter
in the intensive WR-star wind. It stays in optically thin neodt higher frequencies,
meanwhile at lower frequency 614 MHz [15] Cyg X-3 was in habda@ption. In the
continuing active state of Cyg X-3 we detected a very fas-filare at 2.3 and 8.5 GHz
with RT32 (IAA) on 5 June 2006 (MJD53891) [16]. During 3 hotine fluxes changed
from ~ 1 Jy to 2 Jy and then decreased to 100-400 mJy during 15 hoerslet®cted
the similar behaviour in the the Jan-Feb 2007, when maximuxréached 14 Jy at 2.3
GHz (Fig:2).

In Fig[3 the light curves of the July flare are shown. The phafsthe flux rising
continued during 4-5 days. For the first time we could cleady the evolution of
the spectrum during the phase of the flare (Fig.3). And it waazing that the low-
frequency part of the spectra evolved from nearly flat ofificain (at 1 GHz) on the
first day to optically thick after 3-4 days. In the standarddeloof the expansion of
the compact sources (jets components) there is no any atjgarfor such behaviour.
We had to conclude that the thermal electron density, resplenfor the low frequency
absorption, grows up during grow-up of the relativisticotlen density. The later stage
of the spectral and temporal evolution could be fitted by tloglifired finite segments
model by Marti et al.|[17] or Hjellming [18] and Hjellming et.419]. Indeed in Fid.B
the radio spectra of the July flare evolved from the fourth @dyD53942) as usual
adiabatically expanding relativistic jets moving witfa; ~ 0.74c, and thermal electron
component hasfe = 10* K, ny, = 2 10%cm 3, magnetic fieldBy = 0.07 Gs, and energy
index y = —1.85. During the rising stage of the flare we should involve thense
internal shocks running through the jet/[20].
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FIGURE 4. The light curves of SS433 in December 2007 - January 200&dltinie powerful flaring
events. and comparison two flare in December 2006 and Dec&0b&

SS433: new flaring events and their spectra

The first microquasar SS433, a bright variable emission wte identified with
a rather bright compact radio source 1909+048 located ircémeer of a supernova
remnant W50. In 1979 moving optical emission lines, Dopglafted due to precessing
mass outflows with 78000 km/s, were discovered in the sp@odfi5S433. At the same
time in 1979 were discovered a unresolved compact core anck&@long aligned jets
in the MERLIN radio image of SS433. Since 1979 many monigpsats (for ex., with
GBI [21], RATAN [22]) were began. Different data do indicadepresence of a very
narrow (about 9) collimated beam at least in X-ray and optical ranges. Asen¢there
is no doubt that SS433 is related to W50. A distance of neaciigs later determined
by different ways including the direct measurement of prapetions of the jet radio
components.

Kotani et al. [23] detected the fast variation in the X-rayigsion of SS433 during the
radio flares, and probably QPOs of 0.11 Hz. Massive ejectionisig this active period
could be the reason of such behavior. The daily RATAN lightres are measured from
September 2005 to May 2006. The activity of SS433 began duhie second half of
the monitoring set. Some flares happened just before andth&enulti-band program
of the studies of SS433 in April 2006 [24].

In Figl4(left) the light curves during the bright flare in Rasber 2007 are showed.
The delay of the maximum flux at 1 GHz is about 2 days and 1 day3aGRiz relative
to the maxima at higher frequencies.

In Figl4(right) the light curves during the bright flares ieé@mber 2006 and 2007
are showed. The surprising coincident dates (6-7 Dec) df fiates could be evidence
of the 1-year periodicity of activity in SS433. Nandi et &5] discussed the periodicity
of flaring events in ASM RXTE X-ray data, and found possiblegeabout 368 days.



Conclusions

The RATAN microquasar monitoring data give us abundant ratier comparison
with X-ray data from the ASM or ToO programs with RXTE, CHANBRSuzaku
and INTEGRAL. The 1-30 GHz emission originates often frorffiedent optically thin
and thick regions and we proposed an adequate model of thegfleadio emission
producing in the relativistic jets interacting with varginircumstellar medium or intense
stellar wind.
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