| H I
e Microquasars, I

2004\\\\\‘\\\\\\\\\\\\\\\‘\\\\\\\\\\T

Some black holes show
very interesting long
and short term behavior
in all wavebands
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GRS 1915+105 1994 March/April: weekly radio
images show blob ejection events.

Scale ~10000 AU

Ballistic motion of events =- no deceleration!
Inferred speeds: (0.65 4 0.08)c und (1.25 + 0.15)¢
= superluminal motion!

MERLIN

GRS1915+105

1997 radio campaign: ~10% higher
speeds;
Fender et al. (1998)
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Consider blob moving towards us with speed v and angle ¢ with respect to line of sight, emitting
light signals at tg and t1 = to + Ate

Light travel time: Observer sees signals separated by

Aty = At — Aol cosd = (1 — Yeos o> Ate 7.1)
C C
Observed distance traveled in plane of sky:
Al = vAtgsin g (7.2)
\ J
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Apparent velocity deduced from observations:
ALy VAtg sin ¢ vsin ¢
Vapp = AL = " = T (7.3)
0 (1 — o8 gb) Ate (1 — £cos QS)
—> For v/c large and ¢ small: vap, > ¢
previously only seen in Active Galaxies (“Quasars”) = Microquasars D
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\_ H Superluminal motion: Microquasars have jet speeds close to ¢ H y,
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(GRS 1915+105; after Mirabel et al., ' 1998)
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Radio—X-ray Correlation revisited
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(Cyg X-1, 2005 April 16 Wilms et al., 2007, Ryle: 15 GHz, PCA: 2-60 keV)
H Correlated radio—X-ray flaring also seen in “normal” black holes. H
g
Radio—X-ray Correlation revisited
[
E
E Short-term radio—X-ray
correlations can be
explained with the
synchrotron bubble model
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(van der Laan, 196&;
Hjellming & Johnston, [1988)
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Radio—X-ray Correlation revisited
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‘Qallg etal. d;ops):
Interaction of jet with
interstellar medium:
galactic black hole jets
can be comparable in
power to their X-ray
luminosity.

Russell et al. d2007)

For Cyg X-1, Ljey = 0.3...1.0 Ly.
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(Markoff & Nowak, 2001) dMarkoﬁ etal 200&)
Synchrotron+SSC from a jet can explain observed long-term correlations
between radio and X-rays
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