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Sgr A* today: a dormant AGN

Lsgra* = 3%1033 -10%°erg s

MSgr A* = 44’(106 MSun LEdd - 5)‘1044 erg S.1

n~107°

Chandra (X-rays) °

- ‘ ‘ i 7 |
5 I AX J1745.6-2901
' (faint X-ray binary)

2 arcmin




Cts's

Ctsls

Ctsis

Clsis

Cisls

01

0.05

0.15

01

0.05

0.15

01

0.05

X-ray light curve of Sgr A*

B 0242 1561 l 1 2951 2952 2953 2654 2943 N
- Chandra W h J W W W 3 W W
- 1999-2006 lI -
MM load 1 abb (| oty [ uhitars | sussens | siasmmnsiinaad) || doinsdund
1 I | 1 1
B 3392 7
. 2 3 4 5 6 ﬂ _
\:\ \:\ ||
I L 1 1 |
B 3393 3665 3549 n
. 7 8 -
| IS A A
' : achalblteab s i aadte s ol lbbaioe || s snithas
1 1 1 |
B 4683 4684 6113 5950 5951 n
. 9 N
) S S A\ \
. | N
Db ssaiiancin, || bbbuinn! daissiuiin || e || bbbt || wolabsaad aile [ ual
1 1 ] 1]

~ 5952 5953 5954 6639 || 6640 || 6641 || 6642 6363 6643 || 6644
- 10 \:\ 1||1 \:\ \:\ \ \:\ s \:\ “ 12 \:\ \:\ =
- . —

Mﬁl\mmlu .immmm abldilanei) || am My P I u'.'um.m Sl ey

1.05 11 1.15 1.2 1.25

Time (s) x 10°

Baganoff +01; Goldwurm +03; Porquet +03; 08; Nowak +12; Neilsen +13; Barriere +14
e up to 100 fold e ~ 1 day""

X-ray flares:

e up to few hours

=» Few rg from BH



Sgr A*’s activity
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The Central Molecular Zone Wikipedia
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Herschel map of the CMZ I
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Galactic latitude
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Gas motion at the Galactic center

Binney +91; Bally +10 -~

Gravitational potential = Galactic bar
Gas motion determined by stars
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Was Sgr A* brighter in the past?
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MC = Tool to study past activity

=» Tomography of cloud distribution
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FeK & Hard X-ray emission from MC

Origin of hard X-ray emission?
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Are MC reflecting GC radiation?

INTEGRAL: MC - reflection
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Cosmic ray electrons

Are MC reflecting GC radiation?
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Fe K emission from GC

Fe Ka emission SarC 2000-2001
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Super-luminal variation?

XMM: Fe Ka emission
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Super-luminal variation?

XMM: Fe Ka emission
) MC1

The Bridge MC2 Super-luminal
Fe Ka

‘ propagation

=» Rule out
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How can a super-luminal echo happen?

Projector Wall

Velocity observed on the screen 1m/1s

To change
slide1s

Wall distant 1 m

e.g. Ponti +10;+13



How can a super-luminal echo happen?
Wall

Projector

Velocity observed on the screen 3c!!!

To change
slide1s

Wall distant ~900000 km

The physical variations happens in the projector! . - . .10413



Galactic latitude

Fe K emission from GC
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The INTEGRAL view of Sgr B2
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Possible past activity of Sgr A*

Galactic plane seen from the pole

bridge

50 km s' MC: No Fe K line
Lsgrac < 103 erg s past 70-80 yr
G0.11-0.11

Sgr B2 - G0.11-0.11:
Lsgrar < 1.4 103 erg s*' ~100 yr ago

Main limitation = los distance!

Ponti +10



flux density (arbitrary units)

Los distance from Fe Ka equivalent width?
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Los distance from X-ray absorption?
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Sgr B2

The Suzaku view of Sgr B2

Fel Ko,
2005
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Galactic latitude
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NuSTAR: hard X-ray emission!

NuSTAR: 10-20 keV
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Fe K emission from GC
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Fe K emission from GC
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Galactic latitude

Fe Ka flux [10 ° phcm 2 s7']

Chandra: Smaller regions = vary faster
(due to cloud light crossing time)
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Can echoes reveal PDF of gas densities?

Density p, [cm~3]
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Simulation of large scale structure/of

Short echo = reveal internal structure of clouds

=» Voids and walls structures

=» Unbiased probe of mass/density distribution =» Star formation!

=» Athena will measure gas velocities = cloud velocity field structure function



Future prospects: Correlated variations
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Future prospects: Polarisation
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Sgr A*’s present and past activity

A

—~104
=» Derive CMZ 3d-distribution Lsgras=Lega

(polarisation correlated variations)

=» Sgr A* past activity

1043
=» Tomography of clouds
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Lsgrar ~ 1039 erg s' ~ 102 years ago



Sgr A*’s present and past activity
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FERMI bubbles
Fermi data reveal giant gamma-ray bubbles

Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

Energy release > 10> erg Few > 106 yr ago
Origin
Past accretion event onto Sgr A*
Nuclear starburst




Reflection from the Magellanic stream
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-» Sgr A* was an AGN (e.g., a Seyfert) few 106 yr ago



You g star cluster at the Galactic enter

> 200 young (few 10°€ yr) stars in the central parsec - Sgr A* too close = No star formation
Paradox of youth Morris +93; Ghez +03

Stars rejuvenated by mergers (unlikely) Gerhard +01
Formed far away and funnelled inward (unlikely) Davies +05

Star formed in accretion disc! Nayakshin +07



Circum-nuclear disc

Genzel +10

CND configuration similar to rotating disc or set of filaments

Transient nature or energetic disruption of a stable disc

Accretion event?
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Structure preserved (torb ~ 107 yr)



Sgr A*’s present and past activity
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