Charge exchange X-ray Universe
20 June 2024, Volos, Greece



Trace the interplay between Hot and cold gas
—> An important coolant

—> Correct hot gas properties
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Credit: X-ray: D.Strickland; Optical: The Hubble

Heritage Team; IR: C. Engelbracht
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[]0.6 keV + 0.2 keV (Tsuru+2007)
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 CX occurs in an extremely limited region near the interface zone.

 CX process mainly occurs in the layer whose temperature rapidly
decreases due to thermal conduction (~0.2 keV).
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Single Energy Photons
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a) X-ray: blue b) XMM-Newton c) XMM-Newton
Optical: green OVIll Lya map OVII f line map
IR: red

* Only data.
 QOVII fis mainly in the southern wind, along the outflow axis.

e OVIl f —> CX distribution.
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e CX simply occurs at the surfaces
of the cold clumps entrained and
the cold shell.

Schneider+2020



Turbulences at the interface

for 101° ¢m scale

lonization: CX:
108 s a half year
Recombination: Conduction:
1012 s a half year






Broad Ha component

Component = Ho FWHM = Ha Radial Velocity

(km s~!) (km s~1) CX contributes Ha
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Ha Not related to CX directly

semi-ionised warm
gas streams torn off

/ clump by hot flow\

no boundary
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Credit: NASA & ESA
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The interface area of hot & cold gas (~ 10 cm?)
IS one order of magnitude larger than
the superwind geometric area (~ 104 cm?)
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Right: PA~296°




PAL110°

PA~+296°

Wavelenath A1

m mM
A~ P ——— (|
“
= = &
7
\\\
- L] \ - -
.| e 1
o o
X >
] -
= o = o
| N 1 N
| |
| |
£ o | E o
© — © ~—
4+ ..hL 4+
< O L
D c| @
o 9| x
[}
| > |
I m © I m
I = |
'
-
£ £ 2
© © -
4 o £ < ™
7] (7] S
L L -l"
.
I ] 4
“ “ =S
al"'
© \_“ o
— B —
g s <%
@) W) e I-'l\
— — QI ¥
3 3 -2
N ) i ~=l.
I= = 1 Tt N
= — . —
(@] O -.—..I‘.I II
a a AL T 1
| =~ )
I Ill ,”°
| W
I 77N,
mrrh T T T T —--- T T T M T —1-‘-‘- T T —--\- T T M
T N 7 7 T 7 N 7 9 T
o o o o o o o o o o
— i — — — — (| i — —

,_WD _Y{_S IuUnod ,_WD ;Y {_SIuUnod



o Hot gas

0o00030{ FeXVII ISA ~=- Outflow
-—- CX
0.00025 -
0.00020 -
0.00015 -
0.00010 -
0.00005 - = q=—n_
_f‘ -1
- -1_
-‘_,__.—"— Y e ==p—r—{
0.00000{ T T T s s s s s s s m e mm—m e T "
—-3000 —2000 —1000 0 1000 2000 3000
Velocity [km/s]

° Hot gas

0000301 FeXVI]I 15A ~—- Outflow
-—- CX
0.00025 -
0.00020 - _l
0.00015 -
0.00010 -
0.00005 - =d=ea
J_J—J -
_.___.-"__ —1-L_ ________________ ] T
0.00000{ ~"TTT T s s s m s m e mm e mm——m e s T "
—-3000 —2000 —1000 0 1000 2000 3000

Velocity [km/s]

left: PA~110°

0o0030{ FeXVII 1715\

0.00025 A

0.00020 A

0.00015 A

0.00010 A

0.00005 A

0.00000 4 -

Hot gas
—== Outflow
-=-- CX

—3000

—1000 0 1000 2000 3000
Velocity [km/s]

—2000

Right: PA~296°
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* Outflowing velocity ~ -1000 km/s.
* Soft X-ray emission is from the outflowing hot gas.
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Opposite dispersion directions
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OVIil Lya map OVII f line map

FeXVII  FeXVII  Qutflow blocked

e Low-velocity CX
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CX on the disk (i
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NGC 7317

¥ RA.HARVARD.EDU

Credit: ]JWST/NIRCAM
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Pre-shock Ma}n Shock  Post-Shock Turbulent Medium

Hot X-ray emitting
gas flows at nearly same
velocity as the shock
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Summary

 CX may everywhere in the galaxy: center, disk,
superwind, outside.

 CX helps constrain properties of both the hot and the
cold gas.

 Sometimes, the hot gas interacts with the cold ISM
severely, which consumes the hot gas quickly.



