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Motivation

Line emission in galaxies
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How do we model H Il regions?
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A photo-ionisation code
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A tabulated table
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An analytical method
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Photoionization simulations for the discriminating astrophysicist since 1778



Atomic model for hydrogen

Ho as an example

Line emissivity of Hx
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Atomic model for hydrogen

Rate equation
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Atomic model for hydrogen

Rate equation
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Atomic model for hydrogen

Rate equation
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Atomic model for hydrogen

Rate equation
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Atomic model for hydrogen

Rate equation
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Atomic model for hydrogen

Rate equation
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An exact calculation of hydrogenic radial integrals
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» Solved by Cascade Matrix Formalism (CMF)

https://github.com/YuankangLiu/hypop


https://github.com/YuankangLiu/hypop
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Atomic model for hydrogen - -

Rate equation
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Jl = 1 class HILevelPopulations:
Compute level population for HI using the cascade matrix formalism.
See Osterbrock & Ferland 2006, section 4.2
def _ _init__(self, nmax=60, TabulatedEinsteinAs = '/cosma/home/dphlss/tt/Codes/EinsteinAs/EinsteinA.dat’',
TabulatedRecombinationRates = '/cosma/home/dphlss/tt/Data/Recomb/h_iso_recomb.dat’,
caseB = True, caseBnmax=5, verbose=False):
Solved by Cascade Matrix Formalism (CMF) https://github.com/YuankangLiu/hypop



https://github.com/YuankangLiu/hypop
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Atomic model for hydrogen
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Atomic model for hydrogen
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Neutral
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Atomic model for hydrogen

Contribution from collisional excitation

Lebedev & Beigman (1998) use the semiclassical straight-trajectory
Born approximation to provide ab initio excitation rate coefficients
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Atomic model for hydrogen

Two-photon continuum Two-photon continuum spectrum
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Application - Mock observables

3D H Il region simulation with radiative transfer ny = 10 cm
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3D H Il region simulation with radiative transfer
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Application - Mock observables
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Application - Mock observables

3D H Il region simulation with radiative transfer 10
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3D H Il region simulation with radiative transfer
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Application - Mock observables
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Turbulent Density Field
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Future works & Summary

» Simulations of H Il regions and comparison with spatially-resolved
observations

* Probing subgrid physics for stellar feedback & non-equilibrium
evolution of ISM

* An atomic model for hydrogen recombination line (HyPop)

class HILevelPopulations:

Compute level population for HI using the cascade matrix formalism.
See Osterbrock & Ferland 2006, section 4.2

def __ _init__ (self, nmax=60, TabulatedEinsteinAs = '/cosma/home/dphlss/tt/Codes/EinsteinAs/EinsteinA.dat’,
TabulatedRecombinationRates = '/cosma/home/dphlss/tt/Data/Recomb/h_iso_recomb.dat’,
caseB = True, caseBnmax=5, verbose=False):

https://github.com/YuankangLiu/hypop
» Applicable for post-processing of radiation-hydrodynamic simulations
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