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Bene!its to the astrophysics
CX: Interaction between multi-phase gas

If CX occurs
but not 

considered
taken into account the case

Temperature and 
metals

Biased kT & 
abundances

RectiÞed

Interaction area Unknown Obtained

Interaction speed Hardly observed
Obtained by line 

ratios

Distribution of 
thermal gas

Mistaken the CX 
emission

Distributions of kT, 
metals, gas, & CX



¥Early studies  (e.g. Messey+1933, Biermann+1960) 

¥Comet  (Lisse+1996) and Dark-side of the Moon  (Schmitt+1991) 

¥Solar wind CX  and the local bubble (e.g. Cox 1998, 
Snowden+2004, Smith+2014 , Galeazzi+2014) 

¥ISM  analysis (e.g. Lallement 2004) 

¥SNR: Cygnus Loop (Roberts+2015), N132D (Suzuki+2020) 

¥North polar spur  (Gu+2016 ) 

¥Star forming regions (e.g. Townsley+2011, Montmerle+2012) 

¥Star forming galaxies  (e.g. Ranalli+2008, Liu+2012, Zhang+2014, 
Yang+2020 ) 

¥Galaxy clusters (e.g. Gu+2015, +2018, Aharonian+2017 )

A simple history of CX
in astronomy and in X-ray



¥Jupyter notebook ( Python v3 ) 

¥Xspec (PyXspec  included) 

¥PyAtomDB  & the AtomDB atomic database 

¥ACX2  (Smith+2012, and version 2 is released in 2019) 

! Energy dependent cross sections from the Kronos 
database (Mullen+2017) 

! The CX model in SPEX uses the same database (Gu+2016)

Softwares
(needed for the exercise materials)

Constrain the velocity



¥Energy resolution <10 eV (CCD-like detectors ~100 eV) 

¥Chandra/HETG and LETG, XMM-Newton/RGS, Hitomi/SXS 

¥Emission lines:

High resolution spectra
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Zhang+2019

! 106～107 K plasma 

! Lyman series lines 
from H-like C, N, 
O, Ne, Mg, S, Si 

! Lines from He-like 
N, O, Ne, Mg, S, Si 

! Iron lines

M31RGS



OVII He !  triplet is useful
(oxygen is the most abundant metal in the universe)

R
21.6•

I
21.8 •

F
22.1•

!J =1
!S=0
!l=1

!J =1
!S=1
!l=0

Simplified Gotrian diagram! Porquet & Dubau (2000)

Thermal 
plasma 
stronger 
R line

CX process 
stronger 

F line



M82 

!" !# $" $#

"
#%

!"
ï&

!"
ï'

!(
#%

!"
ï'

!"#$%$&'()*+,-

.)
/(

/&
0*

12
ï3

*0
ï4

*,
ï4

)*
+

,-
--

./+
,-

-
./+

,-

01
+

,

01
+

,

01
+

-,

21
+

,3
--

+
4+

3-
--

21
+

,3
--

+
4+

3-
--

+
4+

3-
-

+
4+

3-
-

+
0+

3-
-

+
5+

3-

¡
!" !# $" $#

"
#%

!"
ï&

!"
ï'

!(
#%

!"
ï'

!"#$%$&'()*+,-

.)
/(

/&
0*

12
ï3

*0
ï4

*,
ï4

!" !# $" $#

"
#%

!"
ï&

!"
ï'

!(
#%

!"
ï'

!"#$%$&'()*+,-

.)
/(

/&
0*

12
ï3

*0
ï4

*,
ï4

!" !# $" $#

"
#%

!"
ï&

!"
ï'

!(
#%

!"
ï'

!"#$%$&'()*+,-

.)
/(

/&
0*

12
ï3

*0
ï4

*,
ï4

!" !# $" $#

"
#%

!"
ï&

!"
ï'

!(
#%

!"
ï'

!"#$%$&'()*+,-

.)
/(

/&
0*

12
ï3

*0
ï4

*,
ï4

)*
+

,-
--

./+
,-

-
./+

,-

01
+

,

01
+

,

01
+

-,

21
+

,3
--

+
4+

3-
--

21
+

,3
--

+
4+

3-
--

+
4+

3-
-

+
4+

3-
-

+
0+

3-
-

+
5+

3-

Point Sources

Thermal Hot Gas

Charge Exchange

Zhang+2014
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CX contribution to individual lines

Credit: NASA/ESA

Superwind

¥ACX works well 

¥1/4 diffuse emission 
from CX 

¥large interaction 
surface area



¥emission from NEI plasma 

! recombination 

! ionization

OVII He !  is not enough
2!
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¥resonance scattering 

! r lines of He !  triplet 

! Ly!  lines 

! some iron lines



¥thermal emission: ~ one/tenth for Ly " /Ly ! , Ly#/Ly " , Ly$/Ly #, etc. 

¥recombining: ~ one/third 

¥CX: ~ depends  ( « ▽ ` )�o�y 

¥try it yourself, change:

Speci!ic features of CX
(Lyman series lines of H-like ions, 
K-shell series lines of He-like ions)

Cumbee+2018

! element 
! interaction velocity 
! temperature 
! He fraction

Si13+ with



A promising case
NGC253

Bolatto+2013Ohm+2011

CO

X-ray
X-ray

H!
H!

20 cm

far-UV

8 %m

24 %m



¥6000 km/s outflow? No! 

¥Disk emission?

RGS spectra
Bauer+2007
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¥Blue ones are the same observations as the previous 

¥Green ones have opposite P.A. 

¥NVII Ly$ > 5(

Con!irm  lines with  
opposite dispersion directions
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Explore the preliminary results
(fit the diffuse emission with APEC+ACX2)



¥The temperature ~0.5 keV 

¥Ion density in outflow ~0.025 (Bauer+2007), and thus the 
effective interaction area ~10 43 cm2 (check Yang+2020) 

¥The interaction velocity ~ 800 km/s

Explore the best-!it results

Wu+2019

cold gas surface



Explore the distributions
of the thermal plasma and the CX emission

e-08 6.46e-08 8.09e-08 9.74e-08 1.14e-07 1.30e-07 1.47e-07 1.63e-07 1.79e-07 1.96e-07 2.12

OVII f

10 kpc

e-08 9.28e-08 1.34e-07 1.76e-07 2.18e-07 2.60e-07 3.02e-07 3.43e-07 3.86e-07 4.27e-07 4.69

OVIII

10 kpc

e+00 2.25e+04 4.50e+04 6.78e+04 9.03e+04 1.13e+05 1.36e+05 1.58e+05 1.81e+05 2.03e+05 2.26e

OVII f Exp.

10 kpc

FeXVIIFeXVII OVIIIthermal

CX



¥Calorimeter 

¥Grating

Future
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Mission Instru. Resolution

XRISM Resolve 5-7 eV

Athena X-IFU 2~3 eV

HUBS XQSC 1~2 eV

Lynx 3 eV

Mission Resolution

ARCUS R > 3580

Lynx R > 5000

XRISM/Resolve (0.3-12 keV) 50 ks

Athena/X-IFU (0.2-12 keV) 50 ks

HUBS/XQSC (0.1-2 keV) 50 ks



Bene!its to the astrophysics

If CX occurs
but not 

considered
taken into account the case

Temperature and 
metals

Biased kT & 
abundances

RectiÞed ~0.5 keV

Interaction area Unknown Obtained 1043 cm2

Interaction speed Hardly observed
Obtained by line 

ratios
~800 km/s

Distribution of 
thermal gas

Mistaken the CX 
emission

Distributions of kT, 
metals, gas, & CX

separate thermal 
and CX emission

Thank you!


