
Two Important
Predictions:
[1] The emitting region is
<10 Rs ,now borne out by
Chandra andXMM-Newton X-ray flares, in
which10-min variability implies
R<14-20 Rs

[2] Emission shortward of
3-7 mmshould be modulated with
aKeplerian period at ~ 3-6 Rs ,

(Hollywood et al.
1995)

(Bromley et al.
2001)

now observed in the IR

Sagittarius A*’s
Spectrum

and

Variability

(Aitken, et al. 2000)

(Bower, et al. 2000)
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1.0 mm

(With Bromley and Liu 2001;

  with Falcke and Agol 2000;

  with Hollywood 1995)



The Particle
Distribution
The mm, IR, and X-ray spectral components

apparently arise in apartially self-absorbed, orbiting medium,
produced either by a hot(T~1010 – 1011 K) MB plasma, or a modified MB plasma

with non-thermal particles (Liu & Melia 2001; see also
Mahadevan 1998).

But the lack of an obvious particle acceleration mechanism has
led to diverseinterpretations (Markoff et al. 2001; Nayakshin et al. 2003;
Yuan et al 2003).

Given the suspected environment, an obvious process to
consider is stochasticacceleration of particles interacting resonantly with plasma
waves or turbulencegenerated via an MHD dissipation process (Liu, Petrosian &
Melia 2004).

This may happen either locally via a coronal-type breakout,
or globally via anenhancement in the accretion rate.  The emission spectra are
different.

Also, some electrons diffuse out to larger radii where they
presumably producethe cm radio spectrum.



The Particle
DistributionDepends on:

n, B, which govern cooling rate (mostly Coulomb and
synchrotron);turbulent spectrum, which governs scattering &
acceleration rates;spatial scale, which determines diffusion, and
escape time Tesc

Consider 3 cases:

A    R = 2.5   Rs    n ~   1 x 107 cm-3    B =   9 G    kT/mc2 = 25
(Steady)

A    Steady particle luminosity: L(g>100) ~ 1037 ergs s-1 ~ 20% of
accretion energy
C    L(g>100) ~ 1040 ergs s-1, which sustains a 2-day radio flare
like 2002-10-04

injected spectrum, presumably MB (with kT)

B    R = 0.22 Rs    n ~ 20 x 107 cm-3    B = 44 G    kT/mc2 = 34
(Chandra)
C    R = 1.9   Rs    n ~ 18 x 107 cm-3    B = 43 G    kT/mc2 = 10
(XMM)

Particle Diffusion
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(From Zhao et al.
2004)

Look for coordinated

multi-wavelength

observations later

this year



1.5 mm
(With Bromley and Liu 2001;

  with Falcke and Agol 2000;

  with Hollywood 1995)



0.67 mm



Long-Term Radio Periodicity
(Zhao et al. 2001)

Folded light curve Power spectral distribution



Implications of the radio periodicity
• This 106-day period is much longer than the dynamical time scale

where the emission is produced.
• Strong internal coupling would require the disk to precess as a rigid

body.
• It may be the signature of a precessing disk about a spinning black

hole.

a/M ~ 0.10.1 (ri/3rS)0.5(ro/30rS)2.5 

p ro2.5 ri0.5[1-(ri/ro)2.5]_________________P  =
5 a M [1-(ri/ro)0.5]

Precession Period:

Black Hole Spin:



(Aitken, et al. 2000)

(Bower, et al. 2000)

Polarization


