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I. What is Circumgalactic Medium (CGM) ?

- Diffuse gas surrounding a galaxy

- Reservoir of matter and energy

- Multiphase (hot & cold) ionization structure

- complex dynamics

“ It fuels star formation & regulates feedback in galaxy.”

 
II. How to probe CGM?

1. We focused on hot (T > 106 K ) components of the CGM 

surrounding low-redshift (z<1) galaxies. → tSZ, X-ray, FRB

2. Multiwavelength observation is crucial in astronomy. 

We characterized X-ray signature of hot CGM through cosmological simulation.

III. Brief introduction

We selected galaxies in IllustrisTNG 100-2 and classified them for population study. (Sec 2)

- Classification : Quiescent (QU), Star-forming (SF) and Transitional galaxy.

We modeled X-ray emission to calculate X-ray luminosity (Lx) by using Astrophysical Plasma 

Emission Code (APEC) via PyAtomDB. This is used for the following:

1) Scaling relation with mass & star formation rate (SFR) to find correlation.

2) Radial profile to find gas property dominantly influencing.

3) Evolution history to answer how CGM changes as its galaxy evolves.

4) Causal inferences through machine learning to find main physical driver.

I. How to get galaxy in the IllustrisTNG 100-2

IllustrisTNG is an sophiscated cosmological 

simulation used to model the complex 

physics of gas and dark matter that shapes 

the galaxies (See QR for more information).
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Fig 2. Visualizing dark matter halos (orange) within massive galaxy groups(left) and dark matter halo (Right)

Central subhalo of dark matter halo 

(1011 < M500/M☉ < 1013.5) is our target.

II. Galaxy Classification & X-ray emission modeling

Quiescent (QU) : Quenched galaxies with halted star formation.

Star-forming (SF) : Galaxies actively undergoing star formation.

Transitional : Galaxies in the intermediate state between SF and QU.

Target Galaxy (z = 0, 0.1 & 0.2) N = 29665
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Fig 4. Galaxy classification at z = 0 

by using SFR & stellar mass of CGM.
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Fig 3. Schematic of CGM in our study. 

We included gas cells within 0.15 < r/𝐑𝟓𝟎𝟎 < 1.0 from the center.

⇨ Excluding ISM

Soft X-ray luminosity (0.5 – 2.0 keV) of a gas cell through equation.

Lx =  ෍

i

nenHϵE T, Z iEiV

ne(nH) : Electron (hydrogen) number density

ϵE T, Z i : Interpolated emissivity at energy bin Ei
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Fig 5. Scaling relation between LX and M500.  α of total galaxies is 2.11 (left) . Scaling relation between 

LX and SFR. While SF shows high correlation (r = 0.83), QU has significantly weaker (r = 0.38) (right)

I. Scaling relation with mass (𝐌𝟓𝟎𝟎) & SFR
Milky-way mass galaxies (1011.75 <  M500/M☉ < 1012.25) : Comparable QU vs SF

1. Our LX  − M relations show better agreement with observational data compared to 

previous simulation-based studies.

2. Scaling In QU (α = 2.11) & SF (α = 2.78) show distinct differences which supports 

their group characteristic.

3. For group with high sSFR (=SFR/Mstar) like SF, LX has high correlation with SFR.

4. Process related to SFR (e.g. stellar feedback) plays a significant role in governing 

the LX budget beyond the primary mass dependency.
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II. Radial profile of Milky-way(MW) mass galaxies.

Fig 7. Radial profile of gas number density of QU (left) and SF (Right). 

1. We analyzed radial X-ray emission profile of MW mass galaxy to exclude 

dominant mass dependency.

2. We found that X-ray emission in SF is highly concentrated to its center. 

3. This difference of galaxy sample originate from its radial gas density distribution.

III. Evolution history of MW mass galaxy 

Fig 8. Finding progenitor(previous) galaxy in simulation through merger tree (left) and time evolution of LX

showing distinct difference between QU & SF (right). 
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Past Current

At past, progenitor galaxy 

of QU was actively forming 

stars. (SF)

This supports that relatively 

dense gas was abundant in 

progenitor of QU so it 

actively formed stars.

IV. Causal inferences with Double Machine Learning

Fig1. Schematic of Circumgalactic Medium. 

Log scaled Sample : 

Nsample, Nfeature = [29665,7] Double Machine Learning

𝜃𝑇 (Causal effect)
If we fix X, how much Y changes 

because of the change of T?

Confounder (X) Treatment (T) 

Outcome (Y = 𝐿𝑋) 

Indirect, mediated route Direct route

Mediator (M)

Estimation of 𝜃𝑇 

From SF to QU

Steadily high SFR From high SFR

M500 M∗ MBH σvel Metalicity SFR           ሶEQM
ሶERM

1. For halo mass, 𝜃𝑇=M500
~ 2. 0 which is consistent 

with our initial result (See fig 5)

2. Although 𝜃𝑇=σvel
is huge, it should be understood 

carefully since the scale of 𝛔𝐯𝐞𝐥 is small.

3. SFR or stellar feedback is shown to play an 

substantial role for all galaxy population.

Summary & Conclusion

1. CGM is a critical for understanding galaxy evolution. We used X-ray to get insight of its complex nature.

2.  Distinct scaling relations supports the significance of baryonic process & different characteristics of QU, SF.

3.  Radial profile analysis reveals that gas density is the primary driver of X-ray emission.

4. In evolutionary history, high LX in the progenitors of present-day QU highlights the lasting impact of feedback.

5.  Through Causal Inference, mass plays an crucial role while SFR still has substantial contribution to LX.

The hot CGM is not just a passive gas reservoir, but a dynamic record of a galaxy’s 

feedback and evolutionary history.

IllustrisTNG: https://www.tng-project.org/media/
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Fig 6. Comparison of cumulative LX from QU & SF. SF galaxies (right) shows centrally 

concentrated X-ray emission compared to QU galaxies (left).
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Directed Acyclic Graph

Features with tier (1-3) Implication

M500 DM halo act as gravitational well.

M∗ , MBH,  σvel, Metalicity Kinematical & evolutionary signatures.

SFR, ሶEQM , ሶERM Stellar feedback & AGN feedback (Quasar, Radio mode)
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