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Outline

Observations of Sgr A*

Evidence for Electron Acceleration

A: radio emission
B: NIR and X-ray flares.

Evidence for Proton Acceleration

Stochastic Acceleration by Plasma Waves

Structure of the Accretion Flow 1in Sgr A*
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Evidence for Energetic Electrons
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Evidence for Energetic Electrons
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Possible Explanations
Synchrotron Self-Comptonination
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Possible Explanations
Photo-Meson Interactions
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Possible Explanations
Proton-Proton Interactions
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Stochastic Particle Acceleration
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Stochastic Particle Acceleration
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Stochastic Particle Acceleration
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Proton Accelerataion
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The HESS source 1s likely produced
via pp scatterings by protons
accelerated near the black hole and
diffusing toward large radii.

Should the 7mm emission be
produced by electrons in the
acceleration region, the acceleration
region must be strongly magnetized.



Structure of the Accretion Flow

cm and mm via Synchrotron and proton acceleration

Sub-mm, NIR, and X-ray via Synchrotron and SSC

De Villiers et al. 2003 ApJ



Conclusions

In combination with the theory of
Stochastic Acceleration by plasma
waves and MIHD simulations,
observations over a broad energy
range can be used to detect the
properties of accretion flows
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Emission Processes During Flares

Thermal Synchrotron and SSC:
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NIR Flares From Sgr A*

Quasi-periodic Modulation
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Flux [jansky x 107%]

Sgr A* 19-20 June 2003 — NIR/X-ray
Flare
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Emission Processes During Flares
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Constraining T & B with NIR and
X-ray Spectra and ﬂare rlse time
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Stochastic Electron Acceleration
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Determining the Plasma Properties

Observations
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Stochastic Electron Acceleration
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July 2004: Detection of a Strong X-ray flare
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Flux [jansky x 1073]

Comparison of X-ray and NIR

Lightcurve

2004—-07-06T23:19:38.9894 to 2004—07—07T04:16:37.4597

n TV
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Time [min]

S * At least four separate NIR
flares were detected at K-

band by the VLT with
NAOS/CONICA on 2004 July
6/7.

*NIR flare IITI is correlated

with the strong X-ray flare.

- NIR flare I is associated

with the possible X-ray event
at the beginning of the
observations, but the ratio of
X-ray to NIR amplitudes is
clearly different.

* Additional strong NIR flares

(IT and IV) have no detected
X-ray counterparts.

Baganoff 2005
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X-ray 1image of Sgr A*




X-ray Flares from Sgr A*

In flare-state, Sgr A*’s X-ray luminosity
can increase by more than one order of

magnitude.
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The X-ray flare lasted for a few hours.
Significant variation in flux was seen over a 10
minute interval.



GHEZ ET AL.
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