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Very close to GRS 1758-258 is another

prototypical microquasar



Let’s state the problem!

• Modeling an ubiquitous process such

as jets is a very interesting task in 

Astrophysics.

• But it needs observation to validate

models



• Ejection of jets have

been observed

close to the central 

source from nearby

Herbig-Haro objects

to distant radio 

galaxies

• That’s nice, 

because all the

stuff happen “very
fast”…

• But…
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What’s happening at larger

scales?
• I mean really far away from the compact central source, just when

the jet interacts with surrounding medium… What’s happening just
there?

• And, how does the terminal hotspots structures change, in the case 
they exist?

• This is a big deal still not completely solved…

• …just because we cannot test the theory, considering that it is not
easy to observe the jet evolution at large scales.

• For instance, AGN jets are so huge and are so far that we cannot see
them to evolve unless we wait for thousands of years! Even though
jets are fully relativistic!

• It’s like what we observe in extragalactic jets were still photograms in 
a extremely slow-motion movie



• On the other hand, Herbig-Haro and young stellar objects are 
much more closer, and their jets are much shorter, but they
are also much slower…

• …so, to see a noticeable evolution of jets at large scale we
must wait again for hundreds or even thousands of years…

• …too much for me! However, we have nearby objects
emitting relativistic jets, so that we could observe their
structural variations at large scales on even “real time”!

• I’m talking about microquasars! There, timescales are 
proportional to the central compact object mass. Thus, we
expect to see the jets evolution on human timescales!



So, let’s return to GRS 1758-258

As we can see, it is a powerful X-

ray source. Its spectrum

resembles that of the Cygnus X-1 

black hole.
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That’s because it has no obvious

counterpart. Only recently our

team was capable to propose a 

solid infrared one.

But, even though stated as a 

paradigmatic microquasar, 

nobody has demonstrate its

Galactic nature up to now…



The same is true for the other

paradigmatic microquasar, 

1E1740.7-2942

This powerful X-ray emitter also

exhibits bipolar radio jets, but

nobody has demostrated its

Galactic nature! 

Recently, my group proposed a 

possible infrared counterpart for

trying to made a spectroscopic

analysis… but the region is so 

absorbed!



Show me those changing jets!
• We chose VLA archival data with

enough angular resolution (5” at 6 
cm) and sensitivity to extended 
emission (C configuration) for both
GRS 1758-258 (rigth) and 1E 1740.7-
294 (down)

• They span for several years

• Some D, CD and C projects were
used for a deep map of GRS 1758-
258



• Data was recalibrated using AIPS, and taking special care to 
remove corrupt visibilities in both the target and the calibrator
sources

• We concatenated short time slots (less than 2 months) of 
different VLA monitoring projects into a single observing
epoch, assuming no important structural changes took place 
in such a period.

• We use the same angular resolution and PSF (matching beam) 
in each map so that they could be compared to each other.

• And thus a 6 cm radio map sequence were obtained… To
maximize extended emission we applied natural weighting of 
the interferometric visibilities.

• Do you want to see them?
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This13’’ displacement in 5.4 years

implies a projected velocity of 

0,32c

North lobe breaks into fragments in 2001 and 

a new hotspot appears in 2008, 2” away

from the former one in 1997

South lobe is fainter and does not exhibit a so defined structure as the North 

lobe. Maybe hints of precession are shown. But it dissapears in 2008, which is our

more sensitive image.

GRS 1758-258



1E 1740.7-294

The more continuous jet in this object changes more subtly



Are differences significative?

1E 1740.7-294 GRS 1758-258

1994-1993



GRS 1758-258                                                  1E 1740.7-2942

What causes these changes?



What if disruption?

• Given that cooling time for relativistic electrons by
synchrotron radiation in the jet head is too long
(million of years), we suggest that hydrodinamical
instabilities (RT and/or KH) are responsible for the
observed disruption.

• We define the instability parameter as:

• Timescales for jet disruption (when hidrodynamical
instability is of the order of the jet radius) are:

• Thus, assuming an observed radius for the jet of ~0.1 
pc, the jets could be destroyed by instabilities in a 
matter of months



…and what if precession?



In GRS 1758-258, when North lobe is

disrupted, their electrons must diffuse

into the medium. This plasma leaving

the terminal region of the jet could form

a new cocoon-like envelope around

the radio lobes, thus creating a cavity

similar to those observed in radio 

galaxies with continuous jets. So, we

used all available data (19 hours), 

including D and CD configuration, in 

order to obtain the deepest map of 

GRS 1758-258 up to now (rms noise of 6 

µJy/beam)…





Further information:

Real-time evolution of a large-scale relativistic jet
A&A 578,L11(2015) arxiv:1505.07641

The precessing jets of 1E 1740.7-2942
A&A (accepted, 2015) arxiv:1511.01425


