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X-ray emitting objects:

● - Galaxy Clusters
● - Black holes in AGN
● - Supernova Remnants
● - X-ray Binaries

       106 K < Te < 108 K

Andromeda Galaxy by JWST

Our Universe in X-ray



Accretion physics at high X-ray spectral resolution: New frontiers and game-changing 
science. From: P. Gandhi et. al (2022)
x-axis = continuum sensitivity of X-ray detecting instrument
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Continuum Sensitivity

What does spectral resolution buy us?



From: Science with XRISM 
by XRISM science team

High-resolution X-ray Spectra

Hitomi X-ray Satellite 
Launched 2016
JAXA

XRISM X-Ray Satellite
Launched 2023 
JAXA-NASA



From: Science with XRISM 
by XRISM science team

High-resolution X-ray Spectra



From: Science with XRISM 
by XRISM science team

High-resolution X-ray Spectra



Fine-Structure Splitting: Quantum Theory

Spin-Orbit Coupling

Fine structure splitting



Spin-Orbit Coupling

Fine structure splitting

XRISM accuracy = 0.5 eV

Fine-Structure Splitting: Quantum Theory



Fine-Structure Splitting: j-resolved Energy Levels

XRISM accuracy = 0.5 eV



Fine-Structure Splitting: j-resolved Energy Levels

Lamb Shift Correction:

XRISM accuracy = 0.5 eV



Lamb Shift Correction:

Nuclear-mass Recoil Correction:

XRISM accuracy = 0.5 eV

Fine-Structure Splitting: j-resolved Energy Levels



Lamb Shift Correction:

Nuclear-mass Recoil Correction:
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Atomic Number Z

XRISM accuracy = 0.5 eV

Fine-Structure Splitting: j-resolved Energy Levels



Fine-Structure Splitting: j-resolved Level Population Density

Radiative Transfer:



j-changing transition: 
              nP3/2  ⇋  nP1/2

Radiative Transfer:

Fine-Structure Splitting: j-resolved Level Population Density



Critical density:
  Collisional      =     Radiative 
Deexcitations       Deexcitations

j-changing transition: 
              nP3/2  ⇋  nP1/2

Low-density limit: ngas <  ncrit

Radiative > Collisions

High-density limit: ngas >  ncrit

Radiative < Collisions

Radiative Transfer:

Fine-Structure Splitting: j-resolved Level Population Density



Critical density:
  Collisional      =     Radiative 
Deexcitations       Deexcitations

j-changing transition: 
              nP3/2  ⇋  nP1/2

Low-density limit: ngas <  ncrit

Radiative > Collisions

High-density limit: ngas >  ncrit

Radiative < Collisions
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Radiative Transfer:

Fine-Structure Splitting: j-resolved Level Population Density



Radiative Trapping

Simulating High-resolution X-rays: Radiative Transfer Effects



Radiative Trapping

Escape Probability Approximation:    Aul  → β Aul 

Simulating High-resolution X-rays: Radiative Transfer Effects
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Simulating High-resolution X-rays: Line 



Atomic Number
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Simulating High-resolution X-rays



From: Chandra X-ray Observatory
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Simulating High-resolution X-rays



Hazy 1:

Useful features



>> cloudy/docs/LineLabels.txt

>> cloudy/docs/LineLabels.out:   number of levels in the atomic model  

Useful features



Hazy 1:

   >> cloudy/docs/LineLabels.out:   number of levels in the atomic model  

Useful features



Fe K blends in the current Cloudy:

>>  cloudy/data/blends.ini

- Note: some old Fe K lines that used to be in cloudy have now been removed. 
e.g. Fe K cold

If you are interested please ask me!

Useful features



Useful features



Some physics Cloudy can help us understand 
Perseus Cluster Core via Chandra

linelist_fe_master.dat

set save preflix "Perseus_Ngrd"
constant temperature 4.7e7K
iterate
hden -1.5
metal solar 0.65 linear
stop column density 24 vary
grid 18 25 0.25
turbulence 150km/s
print line optical depths
print line column
print line sort wavelength
print line faint off -10
save grid ".grd" last no hash
save line list absolute ".lin" last no hash "linelist_fe_master.dat"



set save preflix "Perseus_Ngrd"
constant temperature 4.7e7K
iterate
hden -1.5
metal solar 0.65 linear
stop column density 24 vary
grid 18 25 0.25
turbulence 150km/s
print line optical depths
print line column
print line sort wavelength
print line faint off -10
save grid ".grd" last no hash
save line list absolute ".lin" last no hash "linelist_fe_master.dat"

Perseus_Ngrid.lin

Perseus_Ngrid.grd

Some physics Cloudy can help us understand 



Column Density Indicators
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Eddington Barbier 

approximation:

emergent line flux is determined 

by the source function at the 

location where line optical depth 

reaches 2/3 when integrated 

from observers point of view.
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