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Radio flattening 
Either:  
Non thermal e-  
Or:  
Compact jet

Sgr A*’s quiescent emission

Yuan +03; Ponti +17b

LSgr A* ~ 10-9 LEdd 
Best target to study low luminosity accretion

Optically thin synchrotron 
r ~ 10 RS 
Linearly polarised 
Thermal e- (ɣe~10) 
ne ~ 106 cm-3 
B ~ 20-50 G

Falcke +98; Markoff +01; Yuan +03; Zhao +03; +04; Baganoff +03; 
Herrnstein +04; An +05; Xu +06; Marrone +06; +07; Schoedel +07; +11; 
Dodds-Eden +09; Trap +11; Wang +13; Bower +15; +18; +19; Brinkerink 
+15; Liu +16; Stone +16; Witzel +18; Lu +18; von Fellenberg 18; Fazio +18; 

Marrone +06

Loeb +07; Genzel +10

Falcke +98; 
Moscibrodzska +10

Oezel +00

➜ Event horizon telescope!

ADAF/RIAF



Radio flattening 
Either:  
Non thermal e-  
Or:  
Compact jet

Sgr A*’s quiescent emission

Yuan +03; Ponti +17b

LSgr A* ~ 10-9 LEdd 
Best target to study low luminosity accretion

Bremsstrahlung 
r ~ 105 RS 
extended (~1”) accretion from stars wind 

kTe ~ 7×107 K 
ne ~ 100 cm-3

ADAF/RIAF

Falcke +98; 
Moscibrodzska +10

Melia +92; Quataert 
02; Baganoff +03; 
Cuadra +05; Xu +06; 
Wang +13

Oezel +00

Optically thin synchrotron 
r ~ 10 RS 
Linearly polarised 
Thermal e- (ɣe~10) 
ne ~ 106 cm-3 
B ~ 20-50 G

Marrone +06

Loeb +07; Genzel +10

➜ Event horizon telescope!

Wang +13

Wang +13

X-ray (Chandra) 
NIR (VLT-NACO)

RIAF radial dependence 
matter > 90 % outflow!

Wang +13

Falcke +98; Markoff +01; Yuan +03; Zhao +03; +04; Baganoff +03; 
Herrnstein +04; An +05; Xu +06; Marrone +06; +07; Schoedel +07; +11; 
Dodds-Eden +09; Trap +11; Wang +13; Bower +15; +18; +19; Brinkerink 
+15; Liu +16; Stone +16; Witzel +18; Lu +18; von Fellenberg 18; Fazio +18; 



X-ray flares of Sgr A*

Chandra 
(1999-2006) 

Ponti +15b

Baganoff +01; Goldwurm +03; Porquet +03; 08; Belanger +05; Nowak +12; Neilsen +13; +15; Degenaar +13; 
Barriere +14; Ponti +15b; Mossoux +16; Yuan +16; Zhang +17; Yuan +18; Boyce +19; Haggard +19;

➜ X-ray flares produced within ~10 RS

Neilsen +13

𝚪 ~ 1.9±0.3

Flaring rate ~ 1 day-1 

Flares L>1035 erg s-1 ~ 0.1 day-1



Sgr A*’s emission during X-ray flares?

Yuan +03 
Ponti +17b

Best target to study low luminosity accretion During flares 
𝚪IR ~ 1.6  

IR polarised 
➜ Synchrotron

For 15 years we wondered… 
What is the radiative 

process in X-ray?ADAF

Genzel +10

∆𝚪=0.5

∆𝚪=whatever

ɣe>106

ɣe~102



XMM
NuSTAR
Sinfoni

First NIR and X-ray spectrum of a flare!

Ponti +17b

Second brightest flare ever detected by XMM
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First NIR and X-ray spectrum of a flare!
Ponti +17b

SINFONI XMM+NuSTAR

𝚪IR = 1.7±0.1; 𝚪X = 2.27±0.12  ➜ ∆𝚪 = 0.57±0.09  
➜ B = 9±3 G

Synchrotron with cooling break ➜ Ok!



The GC in IR: the Gravity interferometer

Detection of gravitational 
redshift in the orbit of S2

Keplerian

See also Do +19

Keplerian

Drag force

G2’s radial velocity

Detection of drag force in G2’s orbit
Gillessen +19

Constraints on the 
density of Sgr A*’s 

accretion flow at 103 rg

9 𝛔 !

Gravity coll. 18a

Gillessen +19



The GC in IR: the Gravity interferometer
Detection of orbital motions near the last stable circular orbit of Sgr A*

➜ Multi-wavelength campaigns
Scales beyond the reach of current X-ray instruments 

Gravity coll. 18b Gravity coll. 18b



➜ Larger scales



A cusp of black holes around Sgr A*
Hailey +18

Counts per pixel

Chandra 2-8 keV

1 pc

NuSTAR emission from 
intermediate polars

Galactic plane

Thermal HR2<0.3 point sources 
Non-thermal HR2>0.3

Thermal HR2<0.3 point sources Non-thermal HR2>0.3

Intermediate polars Black holes

➜ A cusp of black holes around Sgr A*

Perez +15

Hailey +18

0.4 ‘



➜ Even larger…



The structure of the Milky Way
Galactic bar mass  
Mass ~ 7×109 MSun 
Size ~ 3 kpc 

Nuclear stellar disc: 
Mass ~ 1.5×109 MSun 

Size ~ 100 pc 

Central star cluster: 
Mass ~ 2×107 MSun 

Size ~ 4 pc 
From Spitzer/GLIMPSE data Churchwell +09

Binney +91; Bally +10; Ridley +17



Molinari +11

Herschel column density map

140 pc

Molinari +11
Abundant gas reservoir ~3×107 MSun ➜ Mini starburst

The central degrees of the Milky Way



ESA News/XMM-Newton/G. Ponti +15

1 deg - 140 pc

The new XMM-Newton view of the GC

Ponti +15

More than 100 EPIC observations Exposure > 1.5 Ms (central 15’) 
                 > 200 ks in the plane

Red:     0.5-2 keV 
Green: 2-4.5 keV 
Blue:    4.5-12 keV



X-ray reflection clouds: Sgr A*’s past activity
Terrier +18

See Goldwurm’s talk!

Fe K⍺ emission

Traces of past Sgr A*’s activity

See also Clavel +13; +14; Marin +14; Zhang +15; Mori +15; Nobukawa +15; +16; Walls + 16; Krivonos +14; +17; 
Churazov +17a,b,c; Chuard +18; Chernyshov +18; Kuznetsova +19



Soft X-ray lines: SNR, bubbles and outflows!
Ponti +15

Si xiii, S xv, Ar xvii

Atlas of all (~15) SNR in the region

➜ Powering outflows 
to GC lobe?

 Law +11; Crocker +11; 12; 
Yoast-Hull +14; Jouvin +15

3.5×10-4 yr-1 < SN rate < 15×10-4 yr-1

Assuming Kroupa IMF: SFR ~ 0.035-0.15 MSun yr-1

Large kinetic energy input > 1.1×1040 erg s-1



Discovery of high latitude 1 keV plasma

AFGL 5376Intensity of 1 keV 
thermal plasma

Ponti +15 What is its origin?



High latitude 1 keV plasma

Radio emission 
Galactic Center Radio 

Lobe

Law +08
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AFGL 5376Intensity of 1 keV 
thermal plasma

Ponti +15b

High latitude 1 keV plasma

XMM LARGE PROJECT



Suspense….



1.5-2.6 keV soft  
2.35-2.56 Sxv 
2.7-2.97 keV

ESA News/XMM-Newton/G. Ponti et al. 2019, Nature



1.5 - 2.6 keV (cont.)
2.4 - 2.6 keV (S XV)
2.7 - 3.0 keV (cont.) Fermi Bubbles

Fermi Bubbles

Sgr A*

Chimney

Chimney

Galactic Plane

50
0 

pc

Ponti +19, Nature



10
0 

pc

Wang +02

Sgr A*

Chandra RGB image

Gillessen +09; +12

Ponti +19; Nature

Eth ~ 6×1050 erg 
ts ~ 3×104 yr  

L ~ 8×1038 erg s-1

➜ TDE ~1051-52 erg 
every 104 yr  

➜ SNR from central 
star cluster

Sgr A’s bipolar lobes
Morris +03 Heard +13 Ponti +15



10
0 

pc

Wang +02

Sgr A*

Chandra RGB image



Eth ~ 4×1052 erg 
ts ~ 3×105 yr  
L ~ 4×1039 erg s-1

➜ TDE  
➜ SNR

tcool ~ 2×107 yr ➜ very old? 
AGN activity?  

Ponti et al. 2019, Nature

South/North
Chandra

XMM

➜ Current star 
formation





Selig +15Fermi RGB image

5 kpc



The channel feeding the Fermi bubbles

ESA News/XMM-Newton/G. Ponti et al. 2019, Nature



Summary

 Ponti +19

 Ponti +19

140 pc

 Ponti +15

The channel 
connecting  
the GC activity 
with the Fermi 
bubbles

Chimneys

Atlas of diffuse X-ray features 
(super-bubbles, SNR, filaments, etc) 

Lk>1040 erg s-1 

High latitude 
plasma

 Ponti +15

Orbital motion 
around Sgr A*

Density cusp of BH 
around Sgr A*
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Synchrotron

 Ponti +17

 Gravity Coll +18  Hailey +18



Future
Rosat all-sky survey

➜ Connection between energetic activity  
in the disc with Galactic corona and halo

Merloni +12

Freiberg +99



Future
Rosat all-sky survey

Freiberg +99

Athena ➜ detailed physics of Galactic corona 
and circum-Galactic medium 



Nakashima’s result!

➜ A new SNR?

Discovery of 
recombining 

plasma!


