X-ray Signatures of the Hot Circumgalactic Medium In HlustrisTNG

Minjae Kim! and Junhan Kim?

"Department of Physics, Korea Advanced Institute of Science and Technology (KAIST) Email : heromj27@kaist.ac.kr
Circumgalactic Medium : How to probe? Galaxy selection & classification

. . KAIST paimento
l. What is Circumgalactic Medium (CGM) ? l. How to get galaxy in the IllustrisTNG 100-2 ’
- Diffuse gas surrounding a galaxy Figl. Schematic of Circumgalactic Medium. IIlustrisTNG is an sophiscated cosmological
- Reservoir of matter and energy Viri?&;ﬁ?ius - & simulation used to model the complex
- Multiphase (hot & cold) ionization structure physics of gas and dark matter that shapes
- complex dynamics s 2’2;2262‘;’2;2';:;‘;‘2‘?;‘3\ the galaxies (See QR for more information).
“It fuels star formation & regulates feedback in galaxy.” d&&&" ‘ central subhalolof dark matter halo

Il. How to probe CGM? (10 < Mcgoo/M@ < 1013) is our target.

1. We focused on hot (T > 10° K ) components of the CGM

Fig 2. Visualizing dark matter halos (orange) within massive galaxy groups(left) and dark matter halo (Right)

surrounding low-redshift (z<1) galaxies. — tSZ, X-ray, FRB o o ]
Il. Galaxy Classification & X-ray emission modeling

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

2. Multiwavelength observation is crucial in astronomy.

Tumlinson et al. 2017

Star . . . . .
We characterized X-ray signature of hot CGM through cosmological simulation. @ Star-forming (SF) : Galaxies actively undergoing star formation.
Transitional : Galaxies in the intermediate state between SF and QU.
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Soft X-ray luminosity (0.5 — 2.0 keV) of a gas cell through equation. f-- soe-10yadie - e
- Classification : Quiescent (QU), Star-forming (SF) and Transitional galaxy. ol S {150
We modeled X-ray emission to calculate X-ray luminosity (L) by using Astrophysical Plasma Rs00 : 1125
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Emission Code (APEC) via PyAtomDB. This is used for the following: ! 3 1 3
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3) Evolution history to answer how CGM changes as its galaxy evolves. ] uL|4 £ 520 M. (M)
. : : : : : : Fig 3. Schematic of CGM in our study. ™ o o w0 = 15 2 1 o Fig 4. Galaxy classitication at z = 0
4) Causal inferences through machine learning to find main physical driver. We included gas cells within 0.15 < r/Reqq < 1.0 from the center by using SFR & stellar mass of CGM.
Scaling relation (Y « X“) & Radial Profile Evolution history & causal Inference through ML
I. Scallng rEIatlﬂn Wlth mass (MSOO) & SFR III. EVOIUtion hiStory Of MW mass galaxy el 2.0 15 1.0 07 Reds}:)i.lfSt(Z)o.fl 03 02 01 0.0
Milky-way mass galaxies (10117 < Mgyq/M@ < 101%2%) : Comparable QU vs SF
o S Past Current
w00 l e N=ge o N=el =i
4 250 ] Star—forming?N=974)—: E—— E—— P
31400 3 i ””',,,I,,JI|I,|,‘” ,hll,h, e e ?"’D |
“;1200 1043} | [N=2968| @ » @ » @ » . . . B 10
41000 f\(; -l \ E | \;
Jso0 D ) R g | — T |
1600 %10_ 1= $ ¥ ¥ 4
N o ! — slope=2.11 —;400 = : I LX,Z=O LX,Z=O.1 LX,Z=O.2 | =o0== End as SF (Median)
1034 [N ——. Van de Voort (2016, slope=2.7) 1200 1035} § = | | | | | | = Ehdasouiiieciah)
| | —— Zhang (2024 slope 1.3) t Quiescent (N=835, r=0.38) 33 40 50 59 67 72 78 84 91 99
| 1 J 4 s g 0 3L Transition (N=10465, r=0.75) | Snapshot Number (Older - Present)
1011 1012 1013 10 | - starforming (N=11798, r= 083) llllll . . . _ . _ . _ _ _
M M B T T o R T R TR T2 0100 Fig 8. Finding progenitor(previous) galaxy in simulation through merger tree (left) and time evolution of Ly
s00 [Mo] SFR (M@ /yr) SFR =0 showing distinct difference between QU & SF (right).
Fig 5. Scaling relation between Ly and Mc,,. a of total galaxies is 2.11 (left) . Scaling relation between |
20 15 10 o7 05 64 03 02 o1 oo 20 15 w0 o asee 03 02 o1 oo AL past, progenitor galaxy

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

_ _ _ 102} 102} of QU was actively formin
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their group characteristic. |  — actively formed stars.
3. For group with high sSFR (=SFR/M,,) like SF, Ly has high correlation with SFR. L | AN A N M N M 0 A
4. Process related to SFR (e.g. stellar feedback) plays a significant role in governing IV. Causal inferences with Double Machine Learning
the Ly budget beyond the primary mass dependency.
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with our initial result (See fig 5)

s QU

Fig 6. Comparison of cumulative Ly from QU & SF. SF galaxies (right) shows centrally
concentrated X-ray emission compared to QU galaxies (left).

| 2. Although 61—, Is huge, it should be understood
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Lo o Summary & Conclusion

Fig 7. Radial profile of gas number density of QU (left) and SF (Right). 1. CGM is a critical for understanding galaxy evolution. We used X-ray to get insight of its complex nature.

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

dominant mass dependency.
4. In evolutionary history, high Ly In the progenitors of present-day QU highlights the lasting impact of feedback.

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

. . . . e ' hile SFR still h ntial contribution to Ly.
3. This difference of galaxy sample originate from its radial gas density distribution. Through Causal Inference, mass plays an crucial role while SFR still has substantial contribution to Ly
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