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Multi-component spot/disk model
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Adiabatic Expansion Model

An expanding blob of relativistic electrons

with energy spectrum
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Synchrotron optical depth at frequency v scales as:
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Eckart et al. 2006, 2009 Sabha et al. 2009
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Flare analysis results

Low expansion speeds ~ 0.005¢ - 0.017¢
Spectral indices ~0.6-1.3

Time delay between NIR and mm flares ~ 1.5 £0.5
hours

Source sizes ~ 1 RS

(in agreement with Yusef-Zadeh et al. 2007, 2008,
Marrone 2008)



Adiabatic Expansion of Source

Components in the Temporary
Accretion Disk of SgrA*

The expansion occurs due
to differential rotation on
a single orbital time scale.

Eckart et al. 2008, ESO Messenger
Eckart et al. 2009, A&A 500, 935

Black Hole
Last stable orbit
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magnetic field lines
outer edge of disk




Emission from a disk with a short jet
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Summary

*Orbiting spot model describes successtully the observed
intra-flare variability

*SSC model with THz peaked synchrotron spectra plus adiabatic
expansion described successtully the variable flux density of SgrA*

*[Low expansion velocities imply expansion within the accretion disk,
flaring of a disk corona, and/or expansion of a component with
additional bulk velocity.
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Flare analysis

Low expansion speeds ~0.005¢c-0.017¢c

Spectral indices ~0.6-1.3

Time delay between NIR and mm flares ~1.5+0.5 hours
Source sizes ~1 R,

Low expansion speeds due to:

a) Large bulk motion of components compared to V.,

or
b) The expanding gas cannot escape Sgr A*



Global coordinated multi-wavelength observing sessions

Global Observing Session on Sagittarius A* in May 2007
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Large number of collaborators from the US, Germany, France, Spain and Japan:

Eckart, Baganoff, Morris, Schodel, Vogel, Teuben, Bautz, Brandt, Garmire, Ricker,
Straubmeier, Bower, Goldston, Krips, Muzic, Moultaka, Najarro, Sjouwerman,
Gezari, Krichbaum, Zensus, Schuster, Wiesemeier, Weiss, Tamura, Nishiyama Karas,
Dovciak, Duschl - and others
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ABSTRACT

Contexl. We repart on a suecessful, simultaseoas chservation amd moedelling of the millimeter we near-infrared (NIR) fare emisson
of the Sgr A® counterpant ussociated with the super-massive (4x 107, | back hole ot the Galactic Centre (G0, In comparison 1o
previcusly published papers, we present ane of the best manysub-mm light curves with a comlinuous coveruge of SgrA®.

Adms. We stucy and model the physicul processes giving rise to the variable emission of Sgr A%

Methods. Our non-relativisti delling 1% bl on simull i that have been carried cat in May 2007 and 200E,
wsing the NACO adaptive optics (AD] instrament al the Earopesn Southern Ofservalory s Very Large Tebescope and the mm lelessope
arrays CARMA in Califmiz, ATCA in Auvstralia and the 30 m IRAM telescope in Spain. We emphasize the importance of multi
wavelength simultaneons fitting a5 2 tool for imposing adequate constraints on the fare modellizg.

Resuits. The observations reveal Baring activily in the mm domain and i ibe NIR. Inspection and modelling of the light curves show
that the mm follows the NIR emission with a delay of 1.5+0.5 hours. We explain the flare emission delay by an mlisbatic expansion
of source companents. The derived physical gua s that dlescribe the Hare emisson give o source component expansion speed af
Wop ~ DLOOE — AL T, source sfzes around pne Schwarsschikl radius with Aux densities of a few Janskys, and spectral imlices af
a=l 6o 13 These source components peak in the THz regime.

Conclusions. These panumeters supgest that the adiabatically expanding source components cither have a bulk mation greater than
or the expanding material contrifutes o a corana or disk. confined to the immediate sursuandings of Sgr A%,

Vg

Key words, Mack hole physics. infrared: genenl, aconetion, accretion disks, radio, Galaxy: cenire, nucleas

1. Introduction ates far below its Eddington luminosity at all wavelengths, partly
due o its bow whserved aceretion rate. For Sgr A% we assuime
Bgr A*, the compact non-thermal radie and infrared source at R =2;? :2(._ £ ﬂpa-;dwhh R, being one :chw'ur::rhi.'l.l s
the centre of the Milky Way galaxy {8 kpe away) is known g5, and Ry the gravitational eadius of the SMBH.
o be amn.':a’.?cd with @ super-massive black hole (SMBH) of Evidence for flaring activity eccuring from a few hours 1o
{;"3"'". --h:}lJ P.T.,\ (Eckan ‘3 Gc"’f' m%".f]':“_’.ﬂ '" al. {gqql days has been found from variability studies ranging from the
J“_]" G‘h"‘ :'l al. I;’.'%' _1mu_|__ ‘?'.]d'h"' 2005 E;'l‘“n A "ll'l radio o sub-mm wavelengths {Bower et al. 2002; Hermstein
2002 Schiidel et al. 2002, 2003; Eisenhauer et al. 2003. 2005 4y 3004, Zhao et al. 2003, 2004; Maverhan et al. 2005). There
Giillessen ct al. 2009: Ghez et al. 2000). The close proximity of 0 o0 evidence that variations in radiejsub-mn emission are
Sgr A* mukes it an ideal case to smdy the evolution and physies o000 NIR/X-ray Rarex, with the radicysub-mm fares occur-
of SMBHs kocated in the nuclei of galaxies. The SMBH radi- ing after a delay of - 100 minutes. afier the NIR/X-ray Rares

Send affprint requerts to- I, Kunneriath {devaky @ phl uni-koeln.de)

Kunneriath et al.,
Submitted to A&A, November 2009



SSC disk modelling of individual flares: 2004

2004-07-06723:19:38 to 2004—07-07T04:16:37

Flux [jansky x 107%]

PP I, PR
100 150 200 250

Time [min]
Indication for adiabatic source
component expansion:
Expansion by 30%
explains difference between
NIR and X-ray flare structure.

Eckart et al. 2009; A&A 500, 395

2 flare phases 03 ¢4



Combined differential light curve in the mm-regime
CARMA, ATCA and IRAM 30m
15-19th May, 2007
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Kunneriath et al.,
2010




~1.5”Combined BCD array CARMA
map 2007/2008 (100 GHz)
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May 2007

CARMA, Cedar Flat, Eastern California, USA ATCA, Paul Wild Observatory, Australia

6x10.4m, 9 x 6.1 m, 100 GHz Six 22-m telescopes, 86 GHz

Calibrator sources 3C273, 1733-130 Calibrator sources 1253-055, 1921-293
and Uranus

MAMBO 2, 30-m IRAM
telescope at Pico
Veleta, Spain

1.2 mm wavelength
Bolometer calibrator
source G10.62.
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VISIR 8.6 y map (Rainer Schoedel)
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May 17, 2007

165 min

CARMA difference maps at 3mm
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Spectral index map

_ lOg(Sl/SQ)
log(vy /1)

8

Step 1: Take two maps — 1.3mm and 3mm

Step 2: Convolve them both to the same resolution 3x3” in this case
Step 3: Align both maps

Step 4: Multiply both maps to create a mask

Step 5: Divide maps, with the mask setting a lower flux limit



Spectral index map of the central 1.5 pc

S, ~ ve
Spectral index of Sgr A* ~0.45+0.15
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Conferences, schools, other activities

Summer/winter schools
. European Radio Interferometry School, Bonn, September 2007
Conferences/workshops

. Galactic Center Workshop 2009, Shanghai, October 2009 (contributed talk)
. CARMA Science Symposium, Chicago, October 2009 (poster)

. SPP Meeting, Bad Honnef, May 21-23, 2009 (poster)

. AHAR conference, Bad Honnef, April 2008 (poster)

IMPRS activities

. IMPRS Seminars: December 2007 and May 2009

. Soft Skills Seminar: Time and Self-management by Sabine Hatzl, December
2009

. IMPRS Retreat, August 2007

. Lectures at the University of Cologne: AGNs, Star Formation, Astrophysics 11,
Cosmology

. Time Series Analysis lectures, January-February 2010



Publications (published, in press, submitted)

Kunneriath et al., Coordinated NIR/mm observations of flare emission from
Sagittarius A* , A&A, submitted

Kunneriath, D., Eckart, A., Vogel, S., et al., Coordinated mm/sub-mm
observations of Sagittarious A* in May 2007 — J. Phys.: Conf. Ser. 131 012006

Kunneriath et al., The Galactic Centre in the mm-regime: Observations with
CARMA, Proceedings of the Galactic Center Workshop 2009, Shanghai. To be
published in the Astronomical Society of the Pacific Conference Series

Eckart, A., Baganoff, F.K., Morris, M.R., Kunneriath, D. et al., Modeling mm- to
X-ray flare emission from Sagittarius A*, A&A, Volume 500, Issue 3, 2009,
pp-935-946

Eckart, A., Schodel, R., ..., Kunneriath, D., et al., Simultaneous NIR/sub-mm
observation of flare emission from Sagittarius A*, A&A 492, 337-344, 2008
Eckart, A., ..., Kunneriath, D., Coordinated multi-wavelength observations of Sgr
A*, J. Phys.: Conf. Ser. 131 012002

Lu, R.-S., Krichbaum, T. P., Eckart, A., Konig, S., Kunneriath, D., Witzel, G.,

Witzel, A., Zenzus, J. A., High-frequency VLBI observations of Sgr A* during a
multi-frequency campaign in May 2007, J. Phys.: Conf. Ser. 131 012059
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May 26, 2008

WLT U-band SgrA® 26 May, 2003
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