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00 IO ages of LollUIonillation Fe and S
[ verllotted 0itll CS Contours

Fe 0@ keV

Galactic Center Bipolar Lobes

» Uolle material is distriluted differently than [hotll
MM keVOand fluorescent Oneutrall M keVOFe

« Emission grows in intensity and size perpendicular to
Galactic plane tfoward lower energies

«0,00x0000

e n,00cmT

 Separate lumps may indicate separate episodes of
acTillity spaced Oy 0000-0000 yr

* Jimescale for outer portions to flow from Sgr A*[ 00°
yr I ,,00000 km s-00

* Mass per Ulol 0 0 M,

« Dimescale of episodic actillity argues in fallor of an
outflow from Sgr A* rather than star formation in
central pc
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Fred Baganoff, MIT- KIASR (KITP Galactic Center 4-15-05) X-ray Propertiesof Sgr A* Flares

725 ks exposure using ACIS subpixel analysis




X-ray View of the Central Parsec of the Milky Way

725 ks exposure using ACIS subpixel analysis

TUreellcolor Ulrall iell of Sgr A [ est
and Sgr Al
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SPI Sill ulation of Sgr A [ast [llecta Interacting Uitll
Stellar [ ind of Central Pc Cluster

Simulation Oy
Gallriel Rockefeller U Chris Fryer
[MANDO
with
Frederick Baganoff MO0 0
and
Fullio Melia 0Arizonall

Galactic Lattitude (pc)

Density contours in slice perpendicular to 00 Slin simulationlloth Sgr A*
and center of Sgr A East SNR lie in this planell

Small red dot in lower left uadrant of left plot is the expanding SN
Greenlallualllllue contours are stellar wind density of Central Pc Cluster(l

QAGQER]TSHred contours along Galactic plane are cross-sections of [llolsl in
oy

Riﬂh‘fﬁ)lof shows the same plane around the fime SN shock reaches Sgr A*
[MOU000 yr after the explosionl]

SPO Oelocity Oectors show howdgas flows through low-density regions
around the central parsec and doesnllt penetrafe within the cloud of wind
material ellected 0y the stars therell

SPI Sill ulation of Sgr A [ast [llecta Interacting Uitll
Stellar [ ind of Central Pc Cluster

0 pcx0pcx0pc

» Image of SPH particles and density isosurfaces showing 3D structure and interface between incoming
shock and outgoing winds in the central parsec.

* "Vertical" axis is z axis (along LOS); +z is toward us.

« Site of SN explosion is near left edge of image, in the z=0 plane.

» The x-y axes are galactic axes; galactic latitude increases toward "back" of image, and the left-right axis
is the Galactic equator.

 The colors represent density on a logarithmic scale; blue indicates the highest density. The isosurface
value was chosen to emphasize the densest regions: the central fraction of a parsec and our toy CND
blobs.
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2000 October 26-27

OBSID 1561 — 2000:10:26:22:23:32.8 (UT)

T

(Baganoff et al. 2001)

Oct 27 05:42 UT
45x, 4 hr

Counts per 600 sec
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2002 May 22-23 — Orbit 1, Part 1

OBSID 2943 — 2002:05:22:23:27:02.7 (UT)

T X T ! T Y T

Counts per 600 sec

o 2 4+ s s 10
Hours
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Counts per 600 sec
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T T T T T T T T T T T T T T T T T T T
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5x, 1 hr 5x, 0.5 hr

o

May 24 19:42 UT May 26 13:47 UT

Hours

| M Z
T

9 re|d 4V I6S Josansedoid Ael-X (GO-GT-77 BIULD 2110eERD d1I1M) USVIM -1 1 ‘Houebeg pa.i4

OT abed



2002 May 28-30 — Orbit 3

May 28 15:36 UT May 29 18:33 UT

Counts per 600 sec

25x, 1 hr
\,

OBSID 3393 — 2002:05:28:05:58:08.2 (UT) 13x. 0.5 hr

e i it
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2002 June 3-4 — Orhit 5

OBSID 3665 — 2002:06:03:01:46:30.4 (UT)
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Sgr Al Millill eter 00 ission Steadl
Ouring Large U0rall Flares
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Integrated [ lrall Slectrull of Sgr Al
in U uiescence

Modelll Allsorlledl [ ustllScatteredl Poller Lall Plus Line

1072x10"*%5x10" 90" 2=x10"3

N, =5.9 x 1022 cm?
M=24(2.3-2.6)

Er. = 6.59 (6.54-6.64) keV
Line is narrow and NIE

Fy=1.8x101ergcm?s?

-2 Q 2
T T T

—a

L,=1.4x1033ergs?
D =8 kpc

<L>/ <LQ> =14.0

channel energy (kev)
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Sgr Al Flare 00000 Oune 0000 O OLTOAD KOOand
Eckart et al. (2004)

June 19 UT:23h51 n1—24h00m

8 .
R S VOO CollaUorators

» > S AlEckartIROSchoedelll

e , ‘% - ROGenzel00 00 +0

J“"f 20 UT:@0h13gn - 00h COStraulmeierl 0Viehmann
- ®, e S2
® Sgr A*

June 20 UT:01h07m-01h13m
.

s -2
- Sgr A*

count rate (counts per second)

Sgr Al Flare 00000 Oune 0000 O Clandra 000 kel
Eckart et al. (2004)

[l Excess amplitude factor of ~2x

[ Duration ~40-60 min

[199.92% confidence using Bayesian blocks algorithm (Scargle 1998)
Raw X-ray Uight Curlle Bayesian Blocks Representation

NIR overlap |

0.02

0.01

o]
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Sgr Al 00000 Oune 0000 O 0TO000ral Flare

Eckart et al. (2004)

T T T
SgrA* X—ray 2-8 keV Chandra

UFirst detection of simu/taneous
X-ray and NIR flaring

00n this case at leastlX-ray and
NOR photons appear to come
from same electron population

00, 0 0x0000 erg -0

00,0 0x0000 erg @

0 Spectral index [ [

0 X-rays coincident within 000 mas

I INIR coincident within 00 mas

0X-ray flares are from Sgr A*[l

0000 Oull Sgr AU Call Uaign

Count rate (counts per second)

' | No significant X-ray flares on Ouly 00

10*

L L 1 I " 1 1 L 1 L
3x10* 4x10* 5x10%

TIME (s)
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July 2004: Detection of a Strong X-ray flare

count rate (counts per second)

NIR overlap

scan: 07:06:22:35:11.8 - 07:07:12:5

flare: 07:07:03:12:20.0 - 07:07:03:5

Led
=)

SIUNOD PANRIFY

sgra/source.ovl (200 seg, Dine, BERIN sir)

ooo cd

Bayesian locks algorithm of
Scargle M0000models the
lightcurlle as piecewise
constant segments or [locksl

For a discussion of the
algorithmlsee Eckart et alll
muoom

0 nly the large flare 000 ks into
the ollserlation is significant
at the 000 cO0

At 000 CO0a possille second
ellent is found [y the algorithm
near the I]ecD;inning of the
ollserlation
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Flux [jansky x 1073

Coll Uarison of [ lrall and U Il Ligltcurves

At least four separate NIR

flares were detected at [-
2004—-07-06T23:19:38.9894 to 2004—-07—-07T04:16:37.4597 Dand I:ly The VDD WlTh

NAD sOcl NOCA on 0000 Ouly
aood

ONOR flare 000 is correlated
with the strong X-ray flarell

ONOR flare 0 is associated
with the possillle X-ray ellent
at the eginning of the
ollserllationslut the ratio of
X-ray to NOR amplitudes is
clearly different(

150

7 OAdditional strong NIR flares
fme [min] [0 and 0VO halle no detected
X-ray counterpartsll

0 0rall Slectrull of Uull 000 Flare

Modelll Allsorlled power law
with dust scattering

+ N, 000 MDO00MOx 00%0 cm-?
- [0 00 MDO0mo000 ¢0
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First Sill ultaneous [ eak Flare and Models

E (eV)

N
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LILBLILLLLLL ||||||T|'| LLBLILLLLLL |||||||I| 17T

107

[Eny
o

§

— RIAF + 5.5% p=1 power law
—— RIAF + 1.5% p=3.5 power law

—— RIAF + SSC Need for local
jet-disk . .
spectral indices!

erg/s)

33

LI IlIIILI,I,l L 1

ofew Rs diameter

*B-fieldsup to 20 G
similar to what is
expected by RIAF
models

vL (3.8x10
\'IIIII|T|'| ||||||T|'| T TTTIm ||||||'|T| T T T 110

10t 10%3 10%® 10 10%°

o
©

v (Hz)
Radio: Zhao, Falcke, Bower, Aitken, et al. 1999-2003
X-ray: Baganoff et al. 2001, 2003, Goldwurm et al. 2003, Porquet et al. 2003,
NIR: Genzel et al. 2003, Ghez et al. 2003 Data and model
models: Markoff, Falcke, Liu, Melia, Narayan, Quataert, Yuan et al. 1999-2001 Eckart, Baganoff, Morris et al. 2004

SSC model after Marscher (1983) and Gould (1979)

Sgr A* NIR Flares are Red

E{eV)

10 107 10° 10°

RIAF + 5.5% p=1 power law
—— RIAF + 1.5% p=3.5 power law

- }:ﬂ;ﬁ SSC NIR flares are red !

—
o
o

y

Y NIR spectral index
1’ measured with SINFONI

< Eisenhauer et al. in prep.

—

VLV(3.8X1033erg/s)
T TTTTI

x

w! T TTTTT
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Implies that at least some X-ray flares must be SSC
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0 istrilutions of Flare Prollerties

Baganoff et al 2001, 2003; Goldwurm et al. 2003; Porquet et al. 2003; Eckart et al. 2004

Amplitudes x Quiescent Luminosity Durations in ksec

~ 1.3 flares per day
~ 0.5 large flares per day

Number of Flares
Number of Flares

]

50 100
Flare Peak Amplitudes

Chandra: 11 flares in 675 ks Duty Cycle: 7.1 % (Chandra)
XMM-Newton: 2 flares in ~100 ks

Sgr Al Flares and [ rall Transients in tle
Central Parsec of tlle Ualalll

0 0 hrlframe Omolling allgl

0 O days 00 hr total

0 Oowest color lellel O0o allolle
Oackground

0 Oail of PWN candidate has
00 ctlpixlso Poisson
statistics causes apparent
Oarialility
0 X-ray transients detected
within central 00 pc in past
0 yr
0 of 0 detected within
central pc 0000x
ollerallundant per unit
stellar mass Muno et alll
aoooo
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Integrated [ Urall Sllectrull of Sgr Al
0 uring Flares

Modelll Allsorlledl [ ustllScattered Poller Lall

0.02

6.0 x 1022 cm-2
.3 (0.9-1.8)

.6 x 1012 erg cm2 st
.0x10%%erg s?

2 2x10™*  5x107% .01

PR

8|
channel energy (keV)

Integrated Quiescent X-ray Spectrum of Sgr A*

Modelll Allsorlledl [ ustll Scatteredl] MIKAL

Bad fit to Fe line

Counts s~ kev™!

Line energy too high

Abundances of light
elements forced to zero

X
-2 0 2 107%2x107%5x10"40"2x10™3
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Counts/sec/keV

Integrated Quiescent X-ray Spectrum of Sgr A*

Modelll Allsorlledl [ ustllScatteredl [ Il Plasl a
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N, = 5.9 x 1022 cm2
KT = 4-5 keV

Er. = 6.59 (6.54-6.64) keV
Line is narrow and NIE

lFX =18x10Bergcm?s

L,=1.4x10%3erg st
D =8 kpc

<Lg>/<Ly>=14.0
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