The base of the multi-phase Galactic outflow

= =S )

s "' " < ~
light years ' ~ : : \ SEeRN
a’ ~ - > -‘
. .. . —_—u 2 - e
) * @ 2 - - ’ > ‘ :
. . \ >
- - ; ’ \ ; Rs : X o\
- . o.% 2 . . $ .
,,r 2 .. S ; - .
o > -.. oyl . . x . . :
0 s - ST ‘
Galactic plane - , ’ : .
By el o o e e e e o - . _,‘ \
. N \
[ : . Sagittarius AN ; | - ol Al R
. ) . 4 N . » o3
. . e . Al b - . p . y {
. -4 e ol . 0 2 ! p 5
\ . .: oy ‘.. . «9 " ) Y ’ . 4 ‘.
'.‘\l ‘.. ) - . ~ . »_. . . o " ¢
Base of gammia-ray. bubblg L . : ’ ;
/ o = 2 ~ A ’. ’
=y~ YN o g { - ok £ g
A, e :-.: < '- ) 'Q :.. ~ -~ By -‘ ‘:; g . . P , ' “
/ TN T Ay * P & / #
SOINCLER s (NS S . g ; v
! . . : » .. h . » 4 $ ",’ v
~\“~ Y e, ' . -. o3 v - N : T G \ i 4
' TPV SRR : ;
k , » -‘ ? » 4 %
Y $'% e . SIS 2 ’; - "
" ";' .o ‘. .:.,. : . oo ° .\' ' : ‘ - 3 ; -
\ ."\ L ire : : : > - -
-1\ J “."' p . oV e \\ 7 - -
.,.-" S '-.'-. ® R -~
;\. HEES S i e Z
- ¢ TSt , ’ g =
BN L . R
. .. _..'\ - »
e, 0" ; s & ,
> ‘air 0’ . L
Rt P : - Y
. ‘..',. " an o1 & . '.'\0 ~ »
™ o e e = >
- . - -
. os”® N a" - .
- Dt B D = 3 5

European Gabriele Ponti

TG | Researe INAF OA Brera - MPE




NGC 7331 Hubble




The Baryon cycle
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The Baryon cycle

Hot Baryons:

Bulk of Baryons
Re-condensation
Driver outflows




AGN and Starbursts iInfluence CGM

Starburst

M 82: Hubble/Spitzer/Chandra

=» Understand feedback between nucleus and CGM

MS 0735.6+7421: Chandra/Hubble/VLA



AGN and Starbursts iInfluence CGM
AGN Starburst

M 82: Hubble/Spitzer/Chandra

; =» Understand feedback between nucleus and CGM
MS 0735.6+7421: Chandra/Hubble/VLA
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Do normal galaxies influence their CGM?
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M83: Subaru/ESO/Hubble
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The

From Spitzer/GLIMPSE . data Churchwell +09




The Milky Way

Galactic bar mass
Mass ~ 7x10° Msun
Size ~ 3 kpc
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From Spitzer/GLIMPSE . data Churchwell +09
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The Milky Way

Galactic bar mass
Mass ~ 7x10° Msun
Size ~ 3 kpc

From Spitzer/GLIMPSE . data Churchwell +09




The central degrees of the Nlulky Way

‘Central Molecular Zone Molinari+11
Herschel column density map
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The central degrees of the Nlulky Way

'Central Molecular Zone Molinari+11
Herschel column density map
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Abundant gas reservoir ~3x107 Msun

Peculiar environment: forming stars at extremely low rate
(10 times lower than expected)

PP Molinari+11 Nevertheless -) Mml starburst

L l = = E a = & L = = L a2 I ia
0.800 : 0.400 0. 200 0. 000 359 8(1) : 359.400

Galactic longitude
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The Central Molecular Zone in X-ras

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




The Central Molecular Zone in X-ras

X-ray binaries

140 pc -
ESA News/XMM-Newton/G. Ponti+15 ~ 1 deg - Ponti+15




The Central Molecular Zone in X-ras

X-ray binaries
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140 pc
ESA News/XMM-Newton/G. Ponti+15 ~ 1 deg - Ponti+15




The Central Molecular Zone in X-ras

X-ray binaries

_ n activity at the GC influence our CGM?

140 pc
ESA News/XMM-Newton/G. Ponti+15 ~ 1 deg - Ponti+15




Sgr A* current emission
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Sgr A* current emission
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Sgr A* monitoring Daily flares
Falcke +98; Markoff +01; Yuan +03; Zhao +03; +04; Baganoff +03; Herrnstein +04; An +05; * 1035
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; Iwata +20 ; Gravity Coll. +20 Quiescence
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Sgr A* current emission

104
Lsgras=Ledd
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Was Sgr A* brighter in the past?
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Reflection of a past bright flash

Fe Ka emission
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Reflection of a past bright flash

_Fe Ka emission | | 29€..2000-2001
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All bright Fe Ka clumps are variable = Reflection by bright flash in the center




Sgr A*’s past activity

104
Lsgras=Ledq
Lsgrax ~ 2%1039 erg s-1 1043
~102 years ago
Sgr B2, Bridge, 1041 Sunyaev+93;+98;
MC1, MC2 a Koyama+?7;+14;+18;
B o Murakami+01; Yusef-
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- Terrier+10;+18; Clavel+13;+14;
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Sgr A* monitoring | Daily flares Kuznetsova+19;
Falcke +98; Markoff +01; Yuan +03; Zhao +03; +04; Baganoff +03; Herrnstein +04; An +05; * 1035 Di Gesu+20; Khabibullin+20a,b
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; Iwata +20 ; Gravity Coll. +20 Quiescence
1033 erg s

107 106 10° 104, 103 102 10 now
time Lsgr =10-10 l-g
Ponti +13; +14; +15b; +17b (years ago) A* dd



Sgr A*’s past activity

Although 106 times brighter
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=» No influence on CGM T
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Xu +06; Marrone +06; +07; Schoedel +07; +11; Dodds-Eden +09; Trap +11; Wang +13; Bower
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Fazio +18; Iwata +20 ; Gravity Coll. +20 Quiescence
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Sgr A*’s past activity

Although 106 times brighter 1045
=» No influence on CGM T
Lsgrax ~ 2%1039 erg s-1 1043
~102 years ago
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Hot plasma to trace past activity

Si xil, S xv, Ar xvii

Bipolar lobes centred on Sgr A*

140 pc
) 1 deg > Ponti +15

Patchy distribution with small and large structures

Total luminosity of soft plasma: Lx ~ 3.4x103% erg s-1



Hot plasma to trace past activity

Si xil, S xv, Ar xvii

Bipolar lobes centred on Sgr A*

' G359.77-0.09

140 pc
) 1 deg > Ponti +15

Patchy distribution with small and large structures

Total luminosity of soft plasma: Lx ~ 3.4x103% erg s-1



Si Xill,

Ponti +15
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t plasma to trace p

S xv, Ar xvii

Atlas of all (~15) SNR in the region

ast activity

ATLAS OF DIFFUSE X-RAY EMITTING FEATURES

Ponti +15

Name Other name Coordinates Size References
(1,b) arcsec
STAR CLUSTERS:
Central star cluster 359.9442, -0.046 0.33 45,116,117,118
Quintuplet 0.1604, -0.0591 0.5 1,63,11
Arches G0.12+0.02 0.1217,0.0188 0.7 1234,5,6,7893940,11
Sh2-10 DBO00-6 0.3072,-0.2000 1.92 10,11,12,63,11
Sh2-17 DBO00-58 0.0013,0.1588 1.65 13,63,11
DBO00-05 G0.33-0.18 0.31-0.19 0.4 22,63,11
SNR - BUBBLES - SUPER-BUBBLES:
G359.0-0.9 G358.5-09 - G359.1-0.9 359.03,-0.96 26 X 20 X-R 48,51,75,76,81,119,120
G359.07-0.02 G359.0-00 359.07,-0.02 22 X 10 R 14,48,51,66
G359.12-0.05 359.12,-0.05 24 X 16 X 66
G359.10-0.5 359.10,-0.51 22 3¢ 22 X-R 37,48,51,56,74,75,81,120,121
G35941-0.12 35941,-0.12 3.5 X 5.0 X 14
Chimney 359.46,+0.04 6.8 X 2.3 X 14
G359.73-0.35% 359.73,-0.35 4 X 58
G359.77-0.09 Superbubble 359.84.-0.14 20 X 16 X 15,16,17,58
G359.79-0264 359.79,-0.26 8 X 5.2 X 15,16,17,58
G0.0-0.167t 0.00,-0.16 X This work
G359.87+0.44 Cane 359.87,+0.44 11 X 5 R 48
G359.85+0.39
20pc Sgr A*’s lobes 359.94, -0.04 5.88 R 32,33,34,17
G359.92-0.09% Parachute - G359.93-0.07 359.93,-0.09 1 R 35,38,43,47,58,60,61
Sgr A East G0.0+0.0 359.963, -0.053 3.2 X 2.5 X-R 5,18,19,20,48,75,81
G0.1-0.1 Arc Bubble 0.109,-0.108 13.6: X 11 X This work
GO0.13,-0.12b 0.13,-0.12 3% 3 X 17
G0.224-0.032 0.224,-0.032 2.3 %X4.6 X This work
G0.30+0.04 G0.3+0.0 0.34,+0.045 14 X 8.8 R 2148,51,81,82
G0.34+0.05
G0.33+0.04
G0.40-0.02 Suzaku J1746.4-2835 .4 0.40,-0.02 4.7 X 7.4 X 22
G0.42-0.04
G0.52-0.046 0.519,-0.046¢ 2.4 X 5.1 This work
G0.57-0.001 0.57,-0.001 1.5 X 2.9 This work
G0.57-0.018F CXO0 J174702.6-282733 0.570,-0018 0.2 X 23,24,58,59,68.,80
G0.61+0.017 Suzaku J1747.0-2824.5 0.61,+0.01 2.2 xX4.8 X 22,65,79
G0.9+01Q SNR 0.9+0.1 0.867,+0.073 16X 1.2 R 25,26,27,28,29,48,75,81,82
DS1 G1.2-00 1.17,40.00 3.4 X 6.9 X 31
Sgr D SNR G1.02-0.18 1.02,-0.17 10 x 8.0 R 30,31,48,51,75,77,81,82
G1.05-0.15
G1.05-0.1
G1.0-0.1
G14-0.1 14,-0.10 10 x 10 R 73,81,82
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S xv, Ar xvii

Atlas of all (~15) SNR in the region
3.5%10-4 yr-1 < SN rate < 15x10-4 yr-1

ast activity

ATLAS OF DIFFUSE X-RAY EMITTING FEATURES

Ponti +15

Name Other name Coordinates Size References
(1,b) arcsec
STAR CLUSTERS:
Central star cluster 359.9442, -0.046 0.33 45,116,117,118
Quintuplet 0.1604, -0.0591 0.5 1,63,11
Arches G0.12+0.02 0.1217,0.0188 0.7 1234,5,6,7893940,11
Sh2-10 DBO00-6 0.3072,-0.2000 1.92 10,11,12,63,11
Sh2-17 DBO00-58 0.0013,0.1588 1.65 13,63,11
DBO00-05 G0.33-0.18 0.31-0.19 0.4 22,63,11
SNR - BUBBLES - SUPER-BUBBLES:
G359.0-0.9 G358.5-09 - G359.1-0.9 359.03,-0.96 26 X 20 X-R 48,51,75,76,81,119,120
G359.07-0.02 G359.0-00 359.07,-0.02 22 X 10 R 14,48,51,66
G359.12-0.05 359.12,-0.05 24 X 16 X 66
G359.10-0.5 359.10,-0.51 22 3¢ 22 X-R 37,48,51,56,74,75,81,120,121
G35941-0.12 35941,-0.12 3.5 X 5.0 X 14
Chimney 359.46,+0.04 6.8 X 2.3 X 14
G359.73-0.35% 359.73,-0.35 4 X 58
G359.77-0.09 Superbubble 359.84.-0.14 20 X 16 X 15,16,17,58
G359.79-0264 359.79,-0.26 8 X 5.2 X 15,16,17,58
G0.0-0.167t 0.00,-0.16 X This work
G359.87+0.44 Cane 359.87,+0.44 11 X 5 R 48
G359.85+0.39
20pc Sgr A*’s lobes 359.94, -0.04 5.88 R 32,33,34,17
G359.92-0.09% Parachute - G359.93-0.07 359.93,-0.09 1 R 35,38,43,47,58,60,61
Sgr A East G0.0+0.0 359.963, -0.053 3.2 X 2.5 X-R 5,18,19,20,48,75,81
G0.1-0.1 Arc Bubble 0.109,-0.108 13.6: X 11 X This work
GO0.13,-0.12b 0.13,-0.12 3% 3 X 17
G0.224-0.032 0.224,-0.032 2.3 %X4.6 X This work
G0.30+0.04 G0.3+0.0 0.34,+0.045 14 X 8.8 R 2148,51,81,82
G0.34+0.05
G0.33+0.04
G0.40-0.02 Suzaku J1746.4-2835 .4 0.40,-0.02 4.7 X 7.4 X 22
G0.42-0.04
G0.52-0.046 0.519,-0.046¢ 2.4 X 5.1 This work
G0.57-0.001 0.57,-0.001 1.5 X 2.9 This work
G0.57-0.018F CXO0 J174702.6-282733 0.570,-0018 0.2 X 23,24,58,59,68.,80
G0.61+0.017 Suzaku J1747.0-2824.5 0.61,+0.01 2.2 xX4.8 X 22,65,79
G0.9+01Q SNR 0.9+0.1 0.867,+0.073 16X 1.2 R 25,26,27,28,29,48,75,81,82
DS1 G1.2-00 1.17,40.00 3.4 X 6.9 X 31
Sgr D SNR G1.02-0.18 1.02,-0.17 10 x 8.0 R 30,31,48,51,75,77,81,82
G1.05-0.15
G1.05-0.1
G1.0-0.1
G14-0.1 14,-0.10 10 x 10 R 73,81,82
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t plasma to trace past activity

ATLAS OF DIFFUSE X-RAY EMITTING FEATURES

Si X, S xv, Ar xvii

Name Other name Coordinates Size References
(1,b) arcsec
STAR CLUSTERS:
Central star cluster 359.9442, -0.046 0.33 45,116,117,118
Quintuplet 0.1604, -0.0591 0.5 1,63,11
! . Arches G0.12+0.02 0.1217,0.0188 0.7 1234,5.6,1,.893940,11
At|as Of a" (~1 5) S N R 11 the reg ion Sh2-10 DB00-6 0.3072,-0.2000 1.92 10,11,12,63,11
Sh2-17 DB00-58 0.0013,0.1588 1.65 13,63,11
. DB00-05 G0.33-0.18 0.31-0.19 0.4 22.63,11
3.5%10-4 yr-1 < SN rate < 15x10-4 yr-1 SNR - BUBBLES - SUPER. BUBBLES:
R G359.0-0.9 G3585-09-G359.1-09  359.03,-0.96 26 X 20 X-R 48,51,75,76,81,119,120
~ . i n G359.07-0.02 G359.0-00 359.07,-0.02 22 x 10 R 14,48,51,66
Massive kinetic energy input > 1.1x1040 erg s-1 559.12,005 2416
G359.10-0.5 359.10,-0.51 22 x 22  X-R374851,56.74,75.81,120,121
G359.41-0.12 359.41,-0.12 3.5 X 5.0 X 14
Chimney 359.46,+0.04 6.8 X 2.3 X 14
G359.73-0.35% 359.73,-0.35 4 X 58
G359.77-0.09 Superbubble 359.84,-0.14 20 X 16 X 15,16,17,58
G359.79-026h 359.79,-0.26 8 X 5.2 X 15,16,17,58
G0.0-0.1611 0.00,-0.16 X This work
G359.87+0.44 Cane 359.87,+0.44 11 X 5 R 48
G359.85+0.39
20pc Sgr A*’s lobes 359.94, -0.04 5.88 R 32,33,34,17
G359.92-0.09% Parachute - G359.93-007  359.93,-0.09 1 R 35,38.43,47,58,60,61
Sgr A East G0.0+0.0 359.963, -0.053 380 X-R 5,18,19,20 48,75 81
G0.1-0.1 Arc Bubble 0.109,-0.108 13.6: X 11 X This work
G0.13,-0.12b 0.13,-0.12 3x3 X 17
G0.224-0.032 0.224,-0.032 2.3 X 4.6 X This work
G0.30+0.04 G0.3+0.0 0.34,+0.045 14 x 8.8 R 21,48,51,81,82
G0.34+0.05
G0.33+0.04
G0.40-0.02 Suzaku J1746.4-2835 4 0.40,-0.02 47750 X 22
G0.42-0.04
G0.52-0.046 0.519,-0.0460 2.4 X 5.1 This work
G0.57-0.001 0.57,-0.001 1.5 X 2.9 This work
G0.57-0.018+ CXO J174702.6-282733  0.570,-0018 0.2 X 23,24,58,59,68 80
G0.61+0.01% Suzaku J1747.0-2824.5 0.61,+0.01 2.2 X 4.8 X 22,6579
G0.9+01Q SNR 0.9+0.1 0.867 +0.073 7.6:%T:2 R 25,26,27,28,29.48,75,81,82
DS1 G12-00 1.17,40.00 3.4 X 6.9 X 31
SgrD SNR G1.02-0.18 1.02,:0.17 10 X 8.0 R 30,31,48,51,75,77,81,82
. G1.05-0.15
Ponti +15 G1.05-0.1
G1.0-0.1
Ponti +15 Gi4-01 14,0.10 10 X 10 R 73,8182




O

Si X, S xv, Ar xvii

Atlas of all (~15) SNR in the region
3.5%10-4 yr-1 < SN rate < 15x10-4 yr-1

Massive kinetic energy input > 1.1x1040 erg s-1

-» Powering outflows to
Galactic center lobe?

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

Ponti +15

Ponti +15

t plasma to trace past activity

ATLAS OF DIFFUSE X-RAY EMITTING FEATURES

Name Other name Coordinates Size References
(1,b) arcsec
STAR CLUSTERS:
Central star cluster 359.9442, -0.046 0.33 45,116,117,118
Quintuplet 0.1604, -0.0591 0.5 1,63,11
Arches G0.12+0.02 0.1217,0.0188 0.7 1234,5,6,7893940,11
Sh2-10 DBO00-6 0.3072,-0.2000 1.92 10,11,12,63,11
Sh2-17 DBO00-58 0.0013,0.1588 1.65 13,63,11
DBO00-05 G0.33-0.18 0.31-0.19 0.4 22,63,11
SNR - BUBBLES - SUPER-BUBBLES:
G359.0-0.9 G358.5-09 - G359.1-0.9 359.03,-0.96 26 X 20 X-R 48,51,75,76,81,119,120
G359.07-0.02 G359.0-00 359.07,-0.02 22 X 10 R 14,48,51,66
G359.12-0.05 359.12,-0.05 24 X 16 X 66
G359.10-0.5 359.10,-0.51 22 3¢ 22 X-R 37,48,51,56,74,75,81,120,121
G35941-0.12 35941,-0.12 3.5 X 5.0 X 14
Chimney 359.46,+0.04 6.8 X 2.3 X 14
G359.73-0.35% 359.73,-0.35 4 X 58
G359.77-0.09 Superbubble 359.84.-0.14 20 X 16 X 15,16,17,58
G359.79-0264 359.79,-0.26 8 X 5.2 X 15,16,17,58
G0.0-0.167t 0.00,-0.16 X This work
G359.87+0.44 Cane 359.87,+0.44 11 X 5 R 48
G359.85+0.39
20pc Sgr A*’s lobes 359.94, -0.04 5.88 R 32,33,34,17
G359.92-0.09% Parachute - G359.93-0.07 359.93,-0.09 1 R 35,38,43,47,58,60,61
Sgr A East G0.0+0.0 359.963, -0.053 3.2 X 2.5 X-R 5,18,19,20,48,75,81
G0.1-0.1 Arc Bubble 0.109,-0.108 13.6: X 11 X This work
GO0.13,-0.12b 0.13,-0.12 3% 3 X 17
G0.224-0.032 0.224,-0.032 2.3 %X4.6 X This work
G0.30+0.04 G0.3+0.0 0.34,+0.045 14 X 8.8 R 2148,51,81,82
G0.34+0.05
G0.33+0.04
G0.40-0.02 Suzaku J1746.4-2835 .4 0.40,-0.02 4.7 X 7.4 X 22
G0.42-0.04
G0.52-0.046 0.519,-0.046¢ 2.4 X 5.1 This work
G0.57-0.001 0.57,-0.001 1.5 X 2.9 This work
G0.57-0.018F CXO0 J174702.6-282733 0.570,-0018 0.2 X 23,24,58,59,68.,80
G0.61+0.017 Suzaku J1747.0-2824.5 0.61,+0.01 2.2 xX4.8 X 22,65,79
G0.9+01Q SNR 0.9+0.1 0.867,+0.073 16X 1.2 R 25,26,27,28,29,48,75,81,82
DS1 G1.2-00 1.17,40.00 3.4 X 6.9 X 31
Sgr D SNR G1.02-0.18 1.02,-0.17 10 x 8.0 R 30,31,48,51,75,77,81,82
G1.05-0.15
G1.05-0.1
G1.0-0.1
G14-0.1 14,-0.10 10 x 10 R 73,81,82




Discovery of high latitude hot plasma

'“teﬁSity of 1 keV
thermal plasma (%




Discovery of high latitude hot plasma

What is this?

'“teﬁSity of 1 keV
thermal plasma (%




Galactic center radio lobe

Radio emission
Galactic Center Radio Lobe

- e




What is the origin of this hot plasma?




What is the origin of this hot plasma?

Hot atmosphere of the Galactic center?




What is the origin of this hot plasma?

Hot atmosphere of the Galactic center?

Base of Galactic wind?

Crocker +12




What is the origin of this hot plasma?

Hot atmosphere of the Galactic center?

Base of Galactic wind?

Crocker +12

Past Sgr A*’s AGN-like activity?

Bland-Hawthorn & Cohen 03

............................................ -_-—

Ponti +15 |uateass st .




What is the' origin of this hot plasma®

Hot atmosphere of the Galactic center?

/

i 10 :
Base of Galactlclwmd N Extensive X-ray scan
Past Sgr A*’s AGN-like activity?

Bland-Hawthorn & Cohen 03

Ponti +15 |patsasadi st .
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Outflow has radio counterpart
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Multi-phase multi-epoch
Galactic outflow

PR )-rays: 1.5-2.6 keV
B (VIid-IR: 22.2/12.08 pm
Py Radio: 1.284 GHz



Ponti+20

Multi-phase multi-epoch
Galactic outflow

Hot plasma (X-rays)
warm dust (mid-IR) =»
shocks (radio)

Coherent features
on > 102 pc scales

=» Deeply interconnected and linked to
the Galactic outflow

SRR )-rays: 1.5-2.6 keV
SRR (Iid-IR: 22.2/12.08 pm
BRI Radio: 1.284 GHz



Ponti+20

. X-rays: 1 5-2.6 keV
IO Vid-IR: 22.2/12.08 pm
KR Radio: 1.284 GHz

SNR

SNR

SNR

Heywood +19; Ponti+20
MeerKAT: 1.284 GHz

Radio
emission

=» What is the origin of the
non-thermal radio
filaments?
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Multi-phase multi-epoch
Galactic outflow

Hot plasma (X-rays)
warm dust (mid-IR) =»
shocks (radio)

Coherent features
on > 102 pc scales

=» Deeply interconnected and linked to
the Galactic outflow

SRR )-rays: 1.5-2.6 keV
SRR (Iid-IR: 22.2/12.08 pm
BRI Radio: 1.284 GHz
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Multi-phase multi-epoch
Galactic outflow

Hot plasma (X-rays)
warm dust (mid-IR) =»
shocks (radio)

Coherent features
on > 102 pc scales

=» Deeply interconnected and linked to
the Galactic outflow

=» Strong shocks at the chimney-ISM
interface

R X-rays: 1.5-2.6 keV
IRl Vid-IR: 22.2/12.08 pm
Py Radio: 1.284 GHz
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Multi-phase multi-epoch
Galactic outflow

Hot plasma (X-rays)
warm dust (mid-IR) =»
shocks (radio)

Coherent features
on > 102 pc scales

=» Deeply interconnected and linked to
the Galactic outflow

=» Strong shocks at the chimney-ISM
interface

=» AFGL 5376 > 0.1 kpc molecular shock
Uchida+94

, BRIl X-rays: 1.5-2.6 keV
& T e N Mid-IR: 22.2/12.08 pm
BRI Radio: 1.284 GHz
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Multi-phase multi-epoch
|Galactic outflow

plasma (X-rays)
.» N dust (mid-IR) =»
N ks (radio)

=» Deeply interconnected and linked to
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WISE: 12.08 um
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Coherent features
on > 102 pc scales

=» Strong shocks at the chimney-ISM
interface

=> AFGL 5376 > 0.1 kpc molecular shock
Uchida+94
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=» Deeply interconnected and linked to
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WISE: 12.08 um
MeerKAT: 1.284 GlHz
WISE: 22.2 um

Coherent features
on > 102 pc scales

=» Strong shocks at the chimney-ISM
interface

=> AFGL 5376 > 0.1 kpc molecular shock
Uchida+94

=» Shocks over the entire perimeter of AFGL5376
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Multi-phase multi-epoch
Galactic outflow

Hot plasma (X-rays)
warm dust (mid-IR) =»
shocks (radio)

Coherent features
on > 102 pc scales

=» Deeply interconnected and linked to
the Galactic outflow

=» Strong shocks at the chimney-ISM
interface

=» AFGL 5376 > 0.1 kpc molecular shock
Uchida+94

=» Shocks over the entire perimeter of AFGL5376

R X-rays: 1.5-2.6 keV
IR Vid-IR: 22.2/12.08 pm
BRI Radio: 1.284 GHz
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Multi-phase multi-epoch
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Hot plasma (X-rays)
warm dust (mid-IR) =»
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Coherent features
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|'|3 survey = outflow i the Galactic outflow
4 of warm dlffuse gas
. =>» Strong shocks at the chimney-ISM

interface
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=» Shocks over the entire perimeter of AFGL5376
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Multi-phase multi-epoch
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H3 survey = outflow e the Galactic outflow
1 of warm dlffuse gas
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interface
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Uchida+94

=» Shocks over the entire perimeter of AFGL5376

=» Multi-phase (hot, molecular, warm-diffuse)

=» Multi-scale and multi-epoch outflow
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Multi-phase multi-epoch
Galactic outflow

Hot plasma (X-rays)
warm dust (mid-IR) =»
shocks (radio)

Coherent features
on > 102 pc scales

=» Deeply interconnected and linked to

H3 survey = outflow e the Galactic outflow
1 of warm dlffuse gas
. =» Strong shocks at the chimney-ISM

interface

=» AFGL 5376 > 0.1 kpc molecular shock
Uchida+94

=» Shocks over the entire perimeter of AFGL5376

=» Multi-phase (hot, molecular, warm-diffuse)

=» Multi-scale and multi-epoch outflow

What we do not understand:

Projection effects?
Origin of protrusion?

R X-rays: 1.5-2.6 keV : , ,
N (\lid-IR: 22.2/12.08 um Hot plasma has small pressure =» Relic outflow? Different driver?
Uil .' IRadio: 1.284 GHz (Cosmic rays? Alfven MHD waves? Fast&Cold outflow? Very hot plasma?)

i AGN driven? Starburst?
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The channel feeding the Fermi bubbles

ESA News/XMM-Newton/G. Ponti et al. 2019, Nature
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eROSITA (Spektr-RG)’s launch

Baikonur, July 13th, 2019

Source: Roscosmos -~
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Map the flows of hot Galactic Baryons
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Discovery of the eROSITA bubbles!
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Chimneys: The base of the Galactic outflow
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Chimneys: The base of the Galactic outflow
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