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We have conducted a multi-wavelength study of the recatiigovered microquasar S26 in
NGC 7793. This system resembles the famous Galactic miesaquSS 433, but on an even
grander scale. A large~( 300 pc x 150 pc) shock-ionized nebula, detected imr Fnd
Hen 24686, spatially coincides with a synchrotron-emittingicadocoon. Furthermore, there
is a pair of prominent FR IlI-like radio lobes, an X-ray cordlwa blue optical counterpart, and a
pair of X-ray hotspots that are well-aligned with the radibés and X-ray core. Sensitive, high-
resolution radio observations from the Australia Telesc@ompact Array have played a crucial
role in our investigation. We give an overview of our resu#ted discuss how this system offers
new insights into the physics of black hole accretion andlfeek.
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1. Introduction

Microquasars (e.g. overview bl[1]), powered by stellar-mass blatdshcan be thought of as
scaled-down versions of their quasar cousins. One important differisrthat, when compared to
AGN in dynamical terms, microguasars are mostly located in relatively lowspresnvironments
[A]. We therefore expect to see fewer, dimmer cocoons and radio kdsesciated with micro-
quasars; however, the linear sizes of these cocoons and jets cartd&Q times larger than in
radio galaxies and quasars, scaled to their respective black hole masses

So far, our knowledge of the interaction between microquasar jets andténstellar medium
has largely relied on the Galactic microquasar SS 433 (e.g. reviej] by fi@]jta surrounding
synchrotron-emitting nebula W50 (size 100 pc x 50 pc), which exhibits ‘ear-like’ lobes that
are inflated by a mildly relativistic, precessing jet. Another ideal laboratorystudying how
energy is transferred from powerful jets to the surrounding gas e@antly discovered by[4]: the
spectacular radio/optical/X-ray microquasar S26 in NGC 7793. Here resept an overview of
some of the results from our ongoing multi-wavelength study of S26; mordesteccounts can
be found in both[[4] and]5].

2. Radio observations

High-resolution, sensitive radio images of S26 were obtained on 2009sAwgand 7 with
the Australia Telescope Compact Array (ATCA). Simultaneous obsensmtiare carried out at
5.5 and 9.0 GHz with the Compact Array Broadband Backend (CABB); #melwidth at each
frequency is about 2 GHz. We used the 6D array configuration, whasmtinimum and maximum
baselines of 77 and 5878 m, respectively. The total integration time ogeswas 13.3 hours.

The deconvolved, total-intensity radio maps are shown in Fifjure 1; in addéiono-point
spectral index map is shown in Figuie 2. The source has an FR Il-liketstey with two lobes
and a surrounding cocoon clearly visible, though no radio core is deteéte5.5 GHz, the in-
tegrated flux density is.2 4+ 0.1 mJy, which corresponds to a radio luminosity about three times
that of Cassiopeia A. The average spectral indices in the lobes ar@.7 to —0.6, consistent
with optically-thin synchrotron emission. However, the spectral indicedlatier, and in some
cases inverted, outside the lobes. This suggests an additional contritbatiofree-free emission,
and perhaps ongoing ejections near the core. Deeper radio obsesvailbbe used to test this
hypothesis (see Sectiph 6).

3. X-ray and optical observations

NGC 7793 was observed witihandrdACIS-S3 in 2003 September; the data are available
from the public archives. The total exposure time was 48.9 ks.

The key feature of S26 in the X-ray band is the aligned triplet of point-likecs (Figuré]L),
which we interpret as the X-ray core and hotspots (also fee [6]). dine dore (lo3-gkev ~
6 x 10% erg s'1) has a hard spectrum (power-law photon indlex 1.4+ 0.6), consistent with a
stellar-mass black hole in the low/hard state. In addition, the core coincidesaWitre point-like
optical sourceB ~ 23 mag andg ~ —5 mag) that emits in He A 4686 (Figurg3). This object is
possibly a Wolf-Rayet donor star (sd¢ [4]).
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Figure 1. Top two panelsATCA total-intensity 5.5 and 9.0 GHz images, with integsitales in Jy beantd.
The green circles mark the positions of the X-ray core andpuais (see bottom two panels; 0.6 arcsec radius
for the core and 0.8 arcsec for the hotspots). The angulalutiens are 3.54 arcsec 1.38 arcsec (PA 1°)
and 2.67 arcseg 1.08 arcsec (PA 68 at 5.5 and 9.0 GHz, respectively; the synthesized beanbisrsin
the top left-hand corner of each panel. At 5.5 GHz, the canexels are 40, 84, 129, 173, 217, 261, 306
and 350uJy beant?, while the rms noise level is 8 8Jy beam®. At 9.0 GHz, the contour levels are 39,
65, 91, 117, 144 and 17@Jy beant?® (rms 13.5uJy beam?). At 5.5 GHz, the peak flux densities for the
northern and southern lobes are 0.21 and 0.37 mJy beaespectively, while at 9.0 GHz the corresponding
measurements in the higher-resolution map are 0.11 andndJySeam?. Bottom two panelsChandra
colour map of S26, smoothed with a 1 arcsec Gaussian corepwatiid with 5.5 and 9.0 GHz contours.
The colour coding is as follows: red, 0.2—1 keV; green, 12 leand blue, 2—8 keV. All four panels are from

Bl
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Figure 2: Two-point spectral index map between 5.5 and 9 GHz (wheredfmnsityS, [0 v¥). The 9.0 GHz
data were tapered to the resolution of the 5.5 GHz data b#fermap was created. X-ray core and hotspot
positions as well as the ATCA synthesized beam are shown I%iglimeﬂ. Figure from|]|5].

The two hotspots have much softer X-ray spectra. We find that dyev ~ 5 x 10°¢ erg
s 1and 11x 10°¢ erg s'1 for the northern and southern hotspot, respectively (similar to the ratio of
radio flux densities). The hotspot spectra are consistent with opticallykitimal plasma emission
from hot, shocked gas, likely located between the reverse and fostaecks. We estimate a hot
gas density> 1 cm 2 and a mass- 10°° g.

FigureqJL anfl]3 show that the spatial extents of the X-ray emission, opgicalan(detected in
both Ho and Hei A4686) and radio cocoon are very similar 800 pcx 150 pc). One difference,
however, is that each X-ray hotspot appears projected approximd@eB0lpc downstream along
the jet direction from the corresponding radio hotspot; the projected distbetween the X-ray
hotspots is~ 290 pc, which is about 15 per cent larger than the projected distancedmetive
radio hotspots=£ 250 pc). The core is along the line of the hotspots, but not symmetrically thcate
between them: it is projected about 110 pc from the southern X-ray haasgaabout 180 pc from
the northern X-ray hotspot. This may be due a denser interstellar mediumafdabe core. Deeper
radio observations (Secti¢h 6) will allow us to test whether this is the cask asithrough the use
of Faraday rotation measure synthesis (d]g. [7]).

4. Energeticsof the system

The total particle energy in the bubble~s10°® erg. Both the size and total energy content are
comparable to the values found for some ultraluminous X-ray sourceqdfle-f0]). Based on the
measured radio flux and size of the bubble, and using standard equiparit&ions for micro-
quasar lobes, we estimate that the energy carried by the synchrotron-gmeétativistic electrons



The extraordinary FR 1l microquasar S26 in NGC 7793 Jess W. Broderick

10 arcsec ~ 190 pc 10 arcsec ~ 190 pc

Figure 3. Left Continuum-subtracted HeA 4686 emission, overlaid with ATCA 9.0 GHz contours as in
Figureﬂ.. The image was obtained with the VLT/FORS1 in 2002eMaber; we have smoothed it with a 0.6
arcsec Gaussian core. Sfle [4] for a discussion of the brigitad core. Right Continuum-subtracted ¢
emission, overlaid with ATCA 5.5 GHz contours. The image weden with the CTIO 1.5 m telescope in
2001 October. Both panels are froﬂ1 [5]; X-ray core and hdtppsitions as well as the ATCA synthesized
beams are shown as in FigJle 1.

is a few hundred times less than the energy stored in the protons, nucleoarrelativistic elec-
trons; non-relativistic particles provide most of the pressure to inflate ubblb. See[]5] for the
detailed calculations.

5. What can we learn about black hole accretion and feedback?

If the black hole in S26 is of stellar origin, its super-Eddington jet powel(*® erg s°%; [H])
may force us to rethink the ‘canonical’ scheme of black hole accretion stakesigh collimated
jets are present in Galactic black hole transients when the accretion rate ikdesa few percent
of the Eddington rate (low/hard state), the jets are quenched at highetianaates £0.05-0.5
Eddington), where the accretion flow usually collapses to a geometricallyrtiiatively-efficient
thermal disk. On the other hand, S26 suggests that steady, collimated je¢xistat super-
Eddington accretion rates.

For S26, the jet power would be severely underestimated if the radiovatisers were used
alone. Yet the radio emission can be the primary diagnostic tool for more tis&, where the
X-ray and/or optical emission may be much harder to detect. Our observdtierefore suggest
that some black hole jets could be more powerful than previously thoughs hEs important
consequences for the degree of feedback and heating of the ambigintmevhich in turn has a
marked effect on the evolution of the host galaxy.
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6. Futurework

Additional high-resolution ATCA/CABB observations at 2.45, 5.5 and 9.&@ldre obtained
recently on 2010 June 27-29. The total integration time on-source at 245Mas 9.9 hours,
while the integration time at both 5.5 and 9.0 GHz has now been increased todB8s3 Mhese
observations will be used to (i) search for the radio core, (ii) verify ttes@nce of flat-spectrum
emission at the bases of the jets, (iii) map the cocoon at 2.45 GHz, which whlleengito measure
spectral indices over a larger frequency baseline, and (iv) detetimingolarimetric properties of
the source, including the characteristics of the ambient magnetoionic emerdn
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