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J 1. Intrinsic line ratio of K and H lines are ~ 2.

2. The cross section of the K line is 2 time higher than the H line.
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Because of small Mg fraction (~), Mg Il and Lya
radiative transfer show different behaviors.
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Model Geometry: Point Source and Sphere with Hubble-like Outflow

Smooth Medium Clumpy Medium

:i

N chHI,cl

Single Clump

Range of parameters of scattering medium Type of Source
; * Gaussian emission with
§) * Flat Continuum (only for Mg I1)

for clumpy medium .
(Mean number of clumps in the line of sight) The S|mple model allows us to under-

stand RT effects.



Mg Il & Lya Spectra for Various Column Densities
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In the static medium, Lya and Mg Il
spectra becomes broaden with increas-

ing column density.

In the outflowing medium, unlike
Lya, the spectral peak of Mg Il is

close to the line center.



Mg Il & Lya escaping fraction
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of Lya < of Mg Il because

Lya escaping fraction strongly depends on column density and gas kinematics.



Mg Il & Lya escaping fraction
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of Lya < of Mg Il because

Lya escaping fraction strongly depends on column density and gas kinematics.



Mg Il & Lya escaping fraction
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Mg Il & Lya escaping fraction
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Gronke et al. 2017 noted that the Lya spectrum at is com-
parable to that in smooth medium.

Chang et al. 2023 confirmed that high causes similar
behavior for the surface brightness and polarization.



Lya & Mg i Spectra In Clumpy Medium

Mg H spectrum
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Mg Il Flux Ratio by Kinematics
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Mg Il Flux Ratio from Scattering of Stellar Continuum

Intrinsic flux ratio of
In situ emission,
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* At, the emission and absorption features of the K line are stronger than of H line.

* At, the profile of K line and H line are similar.

Mg Il flux ratio <2



Mg Il Emission in Galaxy vs CGM
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* Flat continuum + Gaussian emission with [EW| =5 A
* Convolution with Gaussian function for the width




Mg Il Emission in Galaxy vs CGM
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Mg Il Emission in Galaxy vs CGM
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Mg Il flux ratio




Mg Il Emission in Galaxy vs CGM
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Mg Il Emission in Galaxy vs CGM
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Mg Il Emission in Galaxy vs CGM
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Flux Ratio of Mg Il Emission & LyC Escaping Fraction
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Summary
* Mgl & Lya lines carry the physical properties of neutral hydrogen in ISM & CGM.

* Mg Il & Lya transfer traces the properties by different way because of different column density.
®

Strong outflow/inflow (> 700 km/s) change the line ratio. Mg Il flux ratio can be a tracer of LyC escape when st
Mg Il scattering from the continuum cause . lar continuum contribute the formation of Mg Il emissi
* Mg Il line ratio is determined by the contribution of contin- at o] < 700k
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3 C IV and He Il in UV emission galaxies in z ~0
Berg et al. 2019

* C IV doublets broader than He Il A1640 are observed.

e B
R S e Spatially extended Mg Il & O VI nebulae are observed.
Right Ascension (J2000 Degrees) Right Ascension (J2000 Degrees)
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C IV Doublets
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C IV and He |l in UV emission galaxies in z ~0
Berg et al. 2019 C IV in Symbiotic Stars

* Separation of C IV doublet (~ 500 km/s) is smaller than that of Mg Il doublet (~ 750 km/s).
* For this reason, C IV lines are more easily mixed each other in outflow with speed > 400-500 km/s
* The ratio of C IV emission can be a tracer of fast hot wind components from galaxy.

* |n 1980-1990, C IV doublets in FUSE spectrum of symbiotic stars shows various line ratio



Spatial Extended Mg I
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Mg Il & Lya escaping fraction of monochromatic source
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* When the dust optical depth of Mg Il > 1, the escaping fraction of Lya is ten times lower than that of Mg II.

In the dust model of LMC and SMC, the ratio of Lya and Mg Il dust optical depth is higher than that of MW
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