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• Circumgalactic Medium (CGM) fuels star formation and 
interacts with (AGN & Stellar) feedback processes in galaxies.
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• Multi-wavelength observations of the CGM are  crucial for 
understanding galaxy evolution and addressing the missing 
baryon problem.

I investigated soft X-ray luminosity (𝑳𝑿) of the hot gas
components of CGM (T >106K) to identify the key physical 

drivers of 𝑳𝑿 using cosmological simulation

Kim(2022)

This work
X – rays !

Sensitivity to Gas Properties

Galaxy

Double Machine Learning (DML) Approach !

Results

1) Correlation check

2) Radial Profile of 𝑳𝑿 belonging to Milky-way mass galaxies

Temperature (T) Metalicity (Z)

Credit:  Tumlinson et al. (2017) The Circumgalactic MediumCredit:  Battaglia et al. (2019) Probes of 
the CGM and ICM over the next decade

How to Probe ?

𝐿𝑋 [erg/s] vs 𝑀500 [M☉ ] 𝐿𝑋 [erg/s] vs Star Forming Rate [M☉ /year]

Little correlation for QU galaxies

Electron Density (𝑛𝑒)

Analyze gas 
properties in eq (1)

Different radial 
profile ! Why? 

1. Correlation between 𝐿𝑋, mass (𝑀500) and SFR which 

showed high consistency with previous works.

2. Radial profile of 𝐿𝑋 shows distinct difference in QU and SF 

galaxies. This is because of 𝑛𝑒 (𝑛𝐻) distribution, showing 

they are main gas properties dominating 𝐿𝑋.

3. Through DML, AGN has little contribution for 𝐿𝑋, while Star 

Formation shows meaningful causal effect. For QU, galaxy 

dynamic is highly impacting to 𝐿𝑋.

SF galaxies : higher, centrally concentrated 𝐿𝑋 → stellar feedback

QU galaxies : lower, radially extended 𝐿𝑋→ Virialized gas driven by 

galactic dynamics, but simultaneously influenced by stellar feedback

∴ The higher the sSFR of a galaxy, the stronger the correlation between SFR and LX 

Introduction

Data & Methods
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Then, How can I identify the key physical drivers?

Input Features

Output

𝑳𝑿 > 0 mask : [𝑵𝒔𝒂𝒎𝒑𝒍𝒆, 𝑵𝑭𝒆𝒂𝒕𝒖𝒓𝒆] = [21869, 9]

Galaxy Features Physically Grouping

Confounding X → Target A Confounding X → Y = 𝐿𝑜𝑔10𝐿𝑋

Residue ෩𝒀Residue ෩𝑨

Input Groups (𝑵𝒈𝒓𝒐𝒖𝒑 = 5)

෠𝜃 =  
σ ሚ𝐴 ෨𝑌

σ ሚ𝐴2

→ = XGBoost model

→ Causal effect !

Galaxy Mass Star Formation 
Feedback

AGN Feedback Galaxy Dynamics Metallicity

∴ While Mass is dominant, star formation plays a key role in regulating X-ray emission

Van de Voort et al. (2016) → (1)
 Weinberger et al. (2018) → (2) & (3) 

tSZ 
emission

𝑳𝑿 of QU

tSZ 
emission

𝑳𝑿 of SF

Integration by (1)

𝑳𝑿

intensity spectrum 𝝐𝑬 𝑻, 𝒁 𝒊

Feedback Strength Calculation

AGN Feedback
Mode selection ->Use (2)

Stellar Feedback
SFR Calculation -> Use (3)
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Stellar Mass [M☉]

𝑳𝑿 =  σ𝒊 𝒏𝒆𝒏𝑯𝝐𝑬 𝑻, 𝒁 𝒊∆𝑬𝒊𝑽 (𝟏)
ሶ𝑬𝑨𝑮𝑵 = 𝒌 ሶ𝑴𝒄𝟐, (𝒌𝒕𝒉𝒆𝒓𝒎 = 𝟎. 𝟐, 𝒌𝒌𝒊𝒏𝒆𝒕𝒊𝒄 =  𝜺𝒇,𝒌𝒊𝒏) (2)

ሶ𝑬𝑺𝑭𝑹 = 𝑨 × 𝑺𝑭𝑹 × 𝒇 𝒁  (3)

Feedback Strength 
Formula

With IllustrisTNG & PyAtomDB, I Computed X-ray emission & Feedback strength.

3) DML analysis
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Redshift [z]

+ Calculate 𝒏𝒆, 𝒏𝑯, 𝑽

High 𝜃 for QU
= Virialized gas emission

Conclusions & Caveats : How to Overcome?

Mobile User


	슬라이드 1

