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➜ Deep X-ray scans will be 
important for CTA
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How is the outflow connected to the disc? 

Absorption in soft X-ray
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Herschel column density map

140 pc

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

The central degrees of the Milky Way

Hess Collaboration +06

Region rich in cosmic rays!

Hess Collaboration +16

Source of PeVatrons 
within central ~10 pc!



ESA News/XMM-Newton/G. Ponti et al. 2015b

1 deg 

The new XMM-Newton view of the Galactic center
Ponti +15More 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
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Sgr A*

G359.77-0.09

Arc bubble

Sgr A’s lobes

Distribution of hot plasma
Ponti +15Si xiii, S xv, Ar xvii

140 pc

Patchy distribution: LX ~ 3.4×1036 erg s-1

Thermal X-rays fill the MIR arc bubble: Eth ~ 1.5×1051 erg ➜ Super bubble
G359.77-0.09: Super bubble candidate

Sgr A’s bipolar lobes ➜ outflow from central parsec

Ponti +15

Ponti +15

Heard +13; Ponti +15

Morris +13; Zhao +15; Ponti +19
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A catalogue of X-ray features
Ponti +15Si xiii, S xv, Ar xvii

Atlas of all (~15) SNR in the region

➜ Powering Galactic 
outflows?

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

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

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

Assuming Kroupa IMF: SFR ~ 0.035-0.15 MSun yr-1 
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High latitude soft plasma

AFGL 5376Intensity of 1 keV 
thermal plasma

Ponti +15

What is its origin?
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The Galactic center Chimneys

➜ The Chimneys connect the central parsecs with 
the base of the Fermi bubbles
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Hot atmosphere in
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ETh 15pc ~ 5×1050 erg  
ts 15pc ~ 3×104 yr 

➜ L 15pc ~ 8×1038 erg s-1 
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➜ Similar adiabatic laws  
but different normalisation 

(Chimney more powerful)

What is the basic scenario for the outflow? 
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Possible physical pictures of the outflow
Quasi-continuous train of episodic energy injections (TDE-SN) 

power a volume filling (f ~ 1) hot plasma (as computed before)

But filling factor might be f << 1… ➜ hot plasma tracer of a 
more powerful dark flow (as in starbursts)

➜ Chimney’s longitudinal extent ~ distribution of massive stars

Alternatively: 1) Chimney’s close to hydrostatic equilibrium 
Still ongoing (but lower rate) Past active period of Sgr A*

➜ Chimney’s might be remnants of a past (much more powerful) 
outflow (e.g., AGN-like accretion onto Sgr A*)

M82

2) cooling time tc ~ 2×107 yr

Cen A



The channel feeding the Fermi bubbles

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

To inflate Fermi bubbles L ~ 1040-44 erg s-1 … 
➜ Chimneys can be this channel
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Future: eROSITA!
Rosat all-sky soft X-ray survey Freiberg et al. 1999

Merloni et al. 2012

 @ Bajkonur

Red:    0.1-0.4 keV 
Green: 0.5-0.9 keV 
Blue:   0.9-2.0 keV

All-sky harder X-ray survey➜ Connection between energetic activity in the disc 
with Galactic corona and halo



Conclusions

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

Deep X-ray scans  
➜ useful for CTA Galactic center and plane surveys

Discovery of the Chimneys:  
The channel connecting the central parsec to the Fermi bubbles
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High latitude soft plasma

AFGL 5376

Chimney

Hot atmosphere of the GC?

Past activity of Sgr A*? 

GC mini-starburst environment ➜ Outflows 

Intensity of 1 keV 
thermal plasma

Crocker +12

Galactic wind of powerful (E~1054-55 erg)  
nuclear starburst 106 years ago

Bland-Hawthorn & Cohen 03


