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kT = 5.6 +/- 3.9 

kT = 0.8 +/- 0.2 keV

kT = 0.56 +/- 0.11 keV

KT = 1.96 +/- 0.26 keV

kT = 2.5 +/- 0.7 keV

Bipolar Lobes
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Fe Heαααα

(E ~ 6.7 keV)

Fe Kαααα “ neutral”

(E ~ 6.4 keV)

S Heαααα + Lyαααα

(E ~ 2.5 keV)

Si Heαααα

(E ~ 1.8 keV)
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Galactic Center Bipolar Lobes
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725 ks exposure using ACIS subpixel analysis
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• 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

Oct 27 05:42 UT
45x, 4 hr

(Baganoff et al. 2001)

2002 May 22-23 – Orbit 1, Part 1
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2 0 0 2  M a y  2 4  ˘ O r b i t  1 ,  P a r t  2

May 24 19:42 UT
5x, 1.7 hr

2002 May 25-27 – Orbit 2

May 26 04:24 UT
6x, 0.75 hr

May 24 19:42 UT
5x, 1 hr

May 26 13:47 UT
5x, 0.5 hr



F
red B

aganoff, M
IT

- K
IA

SR
 (K

IT
P

 G
alactic C

enter 4-15-05) X
-ray P

roperties of Sgr A
* F

lares
P

age 11

2002 May 28-30 – Orbit 3
May 28 15:36 UT

25x, 1 hr
May 29 18:33 UT

13x, 0.5 hr

May 29 06:03 UT
12x, 1.5 hr

2002 June 3-4 – Orbit 5
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NH = 5.9 x 1022 cm-2

Γ = 2.4 (2.3-2.6)

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

FX = 1.8 x 10-13 erg cm-2 s-1

LX = 1.4 x 1033 erg s-1

D = 8 kpc

<LF> / <LQ> = 14.0
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L Excess amplitude factor of ~2x
L Duration ~40-60 min
L 99.92% confidence using Bayesian blocks algorithm (Scargle 1998)
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scan: 07:06:22:35:11.8 - 07:07:12:53:44.9

flare: 07:07:03:12:20.0 - 07:07:03:54:12.8

July 2004: Detection of a Strong X-ray flare

32%

	
$���
��	������ �
�$������8 ��$�@;A�"#�
$�����������

• ���	����8�����������
�) ��
������	;3552<) ��	��
�	
����
� �@	����	�	� ��	
����
��
 �	�) 	�
���8�����.

• ��� ����� �������
�	
������
�) C�		(����
	
��.
;,440<.

• E ���
�	����	����	>32����
�

�	�8�	�@�
���������������

�

�	55O �7.

• � 
54O �7C ������8�	�	����
	@	�
���� ��8�
�	������
�) 
�	��
�	8	���������
�	
�8�	�@�
���.

55O �7

54O �7



F
red B

aganoff, M
IT

- K
IA

SR
 (K

IT
P

 G
alactic C

enter 4-15-05) X
-ray P

roperties of Sgr A
* F

lares
P

age 16

�& !
�������"#�
$�
���= �>������������

L� 
�	��
�� ��	����
	'D#
����	�� 	�	�	
	�
	��
?�
8���8�
�	�7=� �
�
'� E �A�E 'D�� ��,440N  ��
6A/.

L'D#����	DDD�� ����	��
	�
� �
�
�	�
�������������	.

L'D#����	D���������
	�
� �
�
�	�����8�	�����	@	�

�

�	8	���������
�	
�8�	�@�
����C8 

�	 ��
����
�����
�'D#�) ���
 �	���
��	��������	�	�
.

L� ���
������
����'D#����	�
;DD���D� <��@	���	
	�
	�
������� �
	����
�.

"#�
$�� !�����& ���8 ��$�@;A���
��

• ���	�+� 8���8	���� 	���� 
� �
�� �
���

	����

• 'B P2.4;0.4C30.4<%34,, �) �,

• Γ P3.- ;4.-C,.0<54O �7



F
red B

aganoff, M
IT

- K
IA

SR
 (K

IT
P

 G
alactic C

enter 4-15-05) X
-ray P

roperties of Sgr A
* F

lares
P

age 17

������� �& ���
�����( �
����
���
���� ����

0 .0 1

1

1 0 0

1 0 0 0 0

1 0 9 1 0 11 1 0 1 3 1 0 1 5 1 0 1 7 1 0 1 9

1 0 -4 1 0 -2 1 0 0 1 0 2 1 0 4

R IA F  +  5 .5 %  p = 1  p o w e r la w
R IA F  +  1 .5 %  p = 3 .5  p o w e r la w
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Data and model
Eckart, Baganoff, Morris et al. 2004

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
models: Markoff, Falcke, Liu, Melia, Narayan, Quataert, Yuan et al. 1999-2001

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

•few RS diameter
•B-fields up to 20 G
similar to what is 
expected by RIAF
models

Need for local
spectral indices!

Sgr A* NIR Flares are Red

Implies that at least some X-ray flares must be SSC
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Amplitudes x Quiescent Luminosity Durations in ksec

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

~ 1.3 flares per day
~ 0.5 large flares per day

Baganoff et al 2001, 2003; Goldwurm et al. 2003; Porquet et al. 2003; Eckart et al. 2004
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QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.
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NH = 6.0 x 1022 cm-2

Γ = 1.3 (0.9-1.8)

FX = 1.6 x 10-12 erg cm-2 s-1

LX = 2.0 x 1034 erg s-1

D = 8 kpc

Integrated Quiescent X-ray Spectrum of Sgr A*

� ���1�� 2��2��3� ���#� �
������3�� %�� �

Bad fit to Fe line

Line energy too high

Abundances of light 
elements forced to zero
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Integrated Quiescent X-ray Spectrum of Sgr A*
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NH = 5.9 x 1022 cm-2

kT = 4-5 keV

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

FX = 1.8 x 10-13 erg cm-2 s-
1

LX = 1.4 x 1033 erg s-1

D = 8 kpc

<LF> / <LQ> = 14.0
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