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Outflows from the Milky Way center

Fermi Bubbles (E>2GeV/E<2GeV)

Su +10; Kataoka +18



Outflows from the Milky Way center

Rosat Band 6 and 7
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Outflows from the Milky Way center
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Outflows from the Milky Way center

Rosat Band 6and 7
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Rosat Band 6 and 7

Outflows from the Milky Way center
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The central degrees of the Milky Way

Abundant gas reservoir ~3x10” Msun =* Mini starburst
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The central degrees of the Milky Way
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The central degrees of the Milky Way

Source of PeVatrons
-, within central ~10 pc!
by +

E? x flux (TeV cm™2 s77)

[___] Diffuse emission (x10)

- Model (best fit): diffuse emission
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The new XMM-Newton view of the Galactic center

More than 100 EPIC observations - ' Ponti +15
Green: 2-4.5 keV

Blue: 4.5-12 keV _ Exposure > 1.5 Ms (central 15%)
> 200 ks in the plane

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



What is the origin of the diffuse emission?

” : : Ponti +15

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




What is the origin of the diffuse emission?

Ponti +15

Green: 2-4.5 keV
Blue: 4.5-12 keV
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Distribution of hot plasma

S XV, Ponti +15
140 pc

Sgr A*




Distribution of hot plasma
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. Patchy distribution: Lx ~ 3.4x1036 erg s*! ponti +15
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Distribution of hot plasma

Ponti +15

140 pc

Sgr A*

Galactic latitude

Galactic longitude

. Patchy distribution: Lx ~ 3.4%103° erg s ponti +15
Thermal X-rays fill the MIR arc bubble: Et ~ 1.5%x10°! erg =» Super bubble Fonti +15




Distribution of hot plasma

S XV, Ponti +15
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Distribution of hot plasma

S XV, Ponti +15
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G359.77-0.09: Super bubble candidate Heard +13; Ponti +15

------

Sgr A’s bipolar lobes = outflow from central parsec
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3.5%10“ yr' < SN rate < 15x10-4 yr-

Large kinetic energy input > 1.1x104° erg s*
Assuming Kroupa IMF: SFR ~ 0.035-0.15 Msun yr-’
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=» Powering Galactic
outflows?

Large kinetic energy input > 1.1x104° erg s*
Assuming Kroupa IMF: SFR ~ 0.035-0.15 Msun yr-’




High latitude soft plasma

Intensity of 1 keV : . Ponti +15
thermal plasma ' |




High latitude soft plasma

Intensity of 1 keV : . Ponti +15
thermal plasma : ;




______

chimney = JASESEETERTERN
!?" ‘ | '

v

N4

lactic plane -

— e el — S — — — — — —

' . 2
" o ¢ © .
4 L
i //
] /
o %
B . Sl R
L] . & "Q' .
‘ - . - ® . / 3
® o - .
‘. . '..
o 3 2
- . . \l'.i
. o LY \\\
’ ’ [y -
1
6 ) |
’
TR ¢ @ b \
a . |
k2 ...‘ b e .
. ® ‘ B
* g ] 3 » ° . - 4'
’ . L ‘ . ‘ : -
@ ' o » - . .
s ¥ . L L
. . ¢ 0
N .‘
L ] . ™ - - .




(€rETaid center Chimneys

~

~160
light years

»

alactic plane -

.

-

Base of gammia:ray, bubble



o g =>» Discovery of prominent hot (X-ray emitting)
of gamwa-ray bibble, . af o< features extending hundreds of parsecs above

-160 and below the Galactic plane
light years

alactic plane -

— — — —
.

.
e .
.

Base of gammia:ray. bubble

.
s
LA X




RCEE TS i X CE [0 1[4 center Chimneys

/ o ‘;.. ; , : ;‘ . :“{) i - » n
o . P - N =» Discovery of prominent hot (X-ray emitting)

@ *°",
s ] \
‘(\ (R ¢ L I

Base of gamma-ray bbble, oy i features extending hundreds of parsecs above

R S 160 and below the Galactic plane
"\ . - . light years

e
o
:.. ol

. N . ¥
§ % . ,’-'.. - . . » ./ r
1/\ Y o . = .- ¢ 5 / : A

. et o % 3 )
- . 8 . .’

=» The Chimneys connect the central parsecs with
the base of the Fermi bubbles

- —_ -
al . .
w"‘ faud - K b N & . e
& -/ .
j e o - o A .
v o o \ 4 s @ .
L od - Y .
'y
D ‘. > *e L Y -

sualace plane - @

v

_"L'.r: )
e Ll

[ 4

i p

Base of gammia:ray, bubble#ss - S | e

..\-

~ L .
- .
- -
- 2 .
3 v -
. |
R % . , 2 @ . '
. - y
PRI 1 - 24 3
- ., ’
) " e :
- * ") . e
« el (4 .
& . " g N 5
.
2 - » il . 0".( L . h” ‘® -
- . . ’ ® .- 0 o 4 .
~ . - . et e L] I
- »
— 92 o
s * . Y k Six . o
.- [ 1 .o . o
- L agge ¥
. . al

T
: .
] g 5 '”. F B 3
/ N s G G | -~
A L] ~. .
/' : € sy, o .. ‘c U r
| . 2 ]
P e N
- \ T e , et -
LNy i %
Ny = o ([ . .
e =11
\\\/ LS . .. o L
I : .
S . E d ‘e
VA . h S . Y
L3 . 9 ' 2 - - /
7 (N ey S . N
L) ~e  ae’ o 4
“ A g » 3 4 L d t/
'Y e o . . e 4 f’
{I g » ‘e 4 4 ;‘ [
M . ¥ ko - DA
\ - * 6. . 3
\ 4 .
AN * > . 7 . ° £ \
s . 2 . . 2 S . )
= A : - |
s !
2 .' o * i
/ . { /
.
g N \ R/
i L] / . » '
g s 2 \ 2
.. g - / :
iy e o 3 N o
o . i R
~ . .
SO e
/ . . " . aTE o .
/ R : " . »
Jreeso B G - O ~ . - X
7 . N N . . e e ]
/ . C O . A =
. e sy . vt . . L ‘
A . o™, 3-. y - ° i
. .9, - {
e - g % » il 5 . s - [ ® . e . . g y
B s ‘e 2 au S L ] 2 ] Ny o .-’ i e Yo s, » s y * ~ 4
<X B \ s A S e R = . P L RN
o . . 3 ) . . ., E . , . . ® oW 2 g, Vs
L4 5 - - - . . 3 . . e § ® - /
\"--. e - e . - - A . - " Yy L) 2 < I o 4 2 N ® - y‘:‘r
., - . ~ . ) A -
N / S - of Ve B e ST ';IA\\ - % ¢ oY B0 o fhise e . % ¥ © Jal N e o
L ® % N 4 - . . - e v % L9 S
g W R - sy . Y3 b T ol a i
. _“ et ‘1 LD . . . "% =2 NV \\ b
et & . g . * s "o oS N
\ - s ; ' —=
2 s, gt 8 . 4 v
- ® o 40
/
b &
||

Galactic longitude



[he measured physical parameters

Ponti et al. 2019, Nature

XMM 1.5-2.6 keV

Galactic latitude ’

T

L] ;
s

i

1 w0
%, e, Galactic longitude



[he measured physical parameters

Ponti et al. 2019, Nature

XMM 1.5-2.6 keV

50 pc

Galactic latitude ’

Y ]
L] ;
N
Lo
]

1 w0
%, e, Galactic longitude



Lhe measured physical parameters

Ponti et al. 2019, Nature

XMM 1.5-2.6 keV S Latitudinal profiles of hot plasma properties
] ] . o ' (spatrally resolved spectral analisys) :
L ;
L IX oC b—3 -
— . é - Conical __*_ .
o S | outflow 7 :
S £t — :
o= 50 pe t =F *#*:H'—_:t:; E
- 2t ek + :
© I —— ]
0] [ : _
oy,
R SR . e ] . .
- wt o ' ] ' o
I, N - . . 2 _
~ | —— _
i e F :
> ]
2 ol -
5 ! ]
- N
coges < [Hot atmosphere 'Hr::;* |
Fermi bubbles e = -
5. < hydrostatlc equmbrlum T~
e I
- _
T F —t ;
> I i
=4 ~ 4
5:: — | * _*- -
N T
: *
10 100

Latitudinal distance in pc from Sgr A"at1 =0 and 1 =-0.7° Ponti et al. 201 97 Nature

X% o, Ga actic longitude



[he measured physical parameters

Ponti et al. 2019, Nature

oy Latitudinal rofiles of hot plasma properties
XMM 1.5-2.6 keV % 9 — - Do PO
- : (spatlally resolved spectral anallsys) ]
T s f Eth 15pc ~ 5%10°° erg
- 1L Conical " X| . ts 15pc =~ 3x104 yr
@ ¢ " outflow :
3 I —+ : =>» L 15pc ~ 8%1038 erg s*
2 Wee £ S *,f—ﬁ—' SUG
S | o
Ef L . R . .
- E
ffffff N _
& = -
N 5
Edges to < [Hot atmosphere m—’t— _:gA—_zh '
Fermi bubblés — LT T T e e =g
< hydrostatlc equmbrlum TS~ ]
e I
_ _
e —4— :
> I i
é ~ 4
E - | * _*' -
N e :
: *
— .10 . — '1'00 . .

Latitudinal distance in pc from Sgr A"at1 =0 and 1 =-0.7° Ponti et al. 201 97 Nature

X% o, Ga actic longitude



[he measured physical parameters

Ponti et al. 2019, Nature

o Latitudinal rofiles of hot plasma properties
XMM 1.5-2.6 keV =" a9 e P =P oma PIow
- : (spatlally resolved spectral anallsys) ]
T s 3 Eth 15pc ~ 5%10°0 erg
L oC - 4
- 1L Conical " X| . ts 15pc =~ 3x104 yr
@ ¢ " [ outflow :
3 I —+ : =>» L 15pc ~ 8%1038 erg s*
© PO i ‘
'E 50 pc cé é 3 4_#7 —— :*__-‘A'- -
8 > Tt :‘.*—*—* . . - *
5 | —~ 7T 1 =» Tidal disruptions onto Sgr A
E ~ ————++H ——t— —H ——t+— (1051-52 el'g evel'y 104 yr)
B -\ e - 1 or SN of central star cluster
ol | _
o B —— 4
= :
Edges to < [Hot atmosphere 'nj—::;ﬁh '
Fermi bubbles e e P _ * -
< hydrostatlc equmbrlum TS~ ]
N E
- _
A —+= ';
3 ]
= | et .
N e :
: | | *

10 100 .
Latitudinal distance in pc from Sgr A"at1 =0 and 1 =-0.7° Ponti et al. 201 97 Nature

X% o, Ga actic longitude



[he measured physical parameters

Ponti et al. 2019, Nature

XMM 1.5-2.6 keV “ | . Latifudi'n'alllplrofiles of hqt'plla'llsma prop?rties
-8 - (spatially resolved spectral analisys) 1
T s 3 Eth 15pc ~ 5%10°0 erg
- '.‘ C - -
- 1L Conical " X| . ts 15pc =~ 3x104 yr
o ¢ " f outflow :
2 5 o : => L 15p0c ~ 8%1038 erg s
T o '
.Eﬁ 50 pc q‘é é 3 —4_1_7 —— :*__-*' -
E 2t R ke . . .
k | - 1 1 = Tidal disruptions onto Sgr A*
: i} — —H —— (1051-52 erg every 104 yr)
T VAR T - 1 or SN of central star cluster
o | | _
o ——
- F E
2t E Eth chim ~ 4%X10°2 erg
B - ts chim ~ 3%10° yr
o = [Hot atmosphere m—’t— _:h—_zh -
FerEl:igbube " e T o -> L Chim ™ 4"1 039 erg S-1
< hydrostatlc equmbrlum 3 .'; IR
N )
_ _
A —+= ';
;| 5
: =L _‘*'_ e
i s :
: | i

10 100 .
Latitudinal distance in pc from Sgr A"at1 =0 and 1 =-0.7° Ponti et al. 201 97 Nature

X% o, Ga actic longitude



[he measured physical parameters

Ponti et al. 2019, Nature

XMM 1.5-2.6 keV | . Latlfudlln'alllplroflles of hqt'plla'llsma prop?rtles
-8 - (spatially resolved spectral analisys) 1
4 3 Eth 15pc ~ 5%10°0 erg
- n I b - 4
- L Conical . | - ts 15pc =~ 3"10 yr
@ ¢ " outflow :
2 5 o : => L 15p0c ~ 8%1038 erg s
._g 50 pc qg S 3 4_#7 — :*__-*' 3
E 2 R ke . . .
k | - 1 1 = Tidal disruptions onto Sgr A*
: e ———— —H —— (1051-52 erg every 104 yr)
B -\ e - 1 or SN of central star cluster
ol | _
o ——
= f ;
2t E Eth chim ~ 4%X10°2 erg
: " i - ts chim ~ 3%10° yr
Edaes to S ___Ot atmosphere | q;ﬁ: l
Fer:igbubbl ’ o ‘r-‘?t:—— ——— i.a -> L Chim”™ 4)‘1 039 erg 8-1
< hydrostatlc equmbrlum 3 :'|' T~ \:\5
R f
| e i =» Are these the same outflow?
A —+= ';
;| 5
£ — | _‘*'_ e
| T

10 100 .
Latitudinal distance in pc from Sgr A"at1 =0 and 1 =-0.7° Ponti et al. 201 97 Nature

X% o, Ga actic longitude



Ponti et al. 2019, Nature

XMM 1.5-2.6 keV

ko7 Galactic latitude 4

— — — — g — — — —" — — — — — — — — — — i |

 \W

Edges to

Fennibubbbfr

'
........

he measured physical parameters

Latltudlnal proflles of hot plasma propertles

| Teﬁipératli}e (keV)

X% o, Ga actic longitude

(spatlglly resolved spectral anallsys) ;

Latitudinal distance in pc from Sgr A" at1=0 and 1 = -0.7°

- no 1 b
. Sk Conical |
s | outflow
5 |
§ < '.‘ . _*_
50 > F 4—#7
pc :E o . —fhe = = "
I I I I l
‘d f—
" | /Chimneys .15 pc lobes
-) ‘ -ﬂ#h
[ .I [ [ | [ [ [ [ [ [ .I [ | [ [ [
0.1 1
Density (cm™)
o
4
)
>
5 *
Q-‘ —
o N * '
ﬂk
' | X X X PR W N T A | X X
10 100

ETh 15pc ~ 5%10°0 erg
ts 15pc ~ 3%10% yr

=>» L 15pc ~ 8%1038 erg s*

=» Tidal disruptions onto Sgr A*
(10°1-2 erg every 104 yr)
or SN of central star cluster

Eth chim ~ 4%10°2 erg
ts chim ~ 3%10° yr

=>» L chim~ 4%103% erg s

-> Are these the same outflow?

=> Similar adiabatic laws

but different normalisation
(Chimney more powerful)

Ponti et al. 2019, Nature



Ponti et al. 2019, Nature

he measured physical parameters

Latltudlnal proflles of hot plasma propertles

XMM 1.5-2.6 keV

- . : (spatlglly resolved spectral anallsys) ;

‘ - ' Eth 15pc ~ 5%X10°0 erg
! S b3 4

- L Conical . | 4 ts 15pc ~ 3"10 yr
5 ¢ Tt outflow
2 5 o => L 15p0c ~ 8%1038 erg s
% 50 pc E '2 — 4_#77 _:_:h*:i'—-*- -
8 = ™ ->» Tidal disruptions onto Sgr A*
“f o o o (10°1-52 erg every 104 yr)

—— e — T —— o — o —— — — e il e W e . - — — — — — -

R . Galactic plane -

What is

Edges to
Fermi bubbl es

F
1

U
""""""""

X% o, Ga actic longitude

or SN of central star cluster

92 er
the basm scenario for the outflow? ; ;®
: ERT ; =» L chim~ 4%10%° erg s
i .;'Chimneys .15 pc lobes _
S + - | =>» Are these the same outflow?
Of Density (em) => Similar adiabatic laws
3 but different normalisation
C_ ' _*_ ' (Chimney more powerful)
SFE *:*__* ;

Ponti et al. 2019, Nature

Latitudinal distance in pc from Sgr A" at1=0 and 1 = -0.7°



Possible physical pictures of the outflow

‘ray bubble.

~160
light years

‘.

.

- . ..D
.Galactic plane -

N




Possible physical pictures of the outflow

Quasi-continuous train of episodic energy injections (TDE-SN)
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Quasi-continuous train of episodic energy injections (TDE-SN)
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Possible physical pictures of the outflow
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Possible physical pictures of the outflow

R Quasi-continuous train of episodic energy injections (TDE-SN)
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The channel feeding the Fermi bubbles

To inflate Fermi bubbles L~ 10444 ergs?... = . At
=» Chimneys can be this channel ;- .
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Conclusions

Discovery of the Chimneys:

The channel connecting the central parsec to the Fermi bubbles
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