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Multi-scale Baryon Cycle
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Simulated HI across Scales
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Dec (J2000)
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Galaxy Interactions

(f) Quasar

(c) Interaction/“Merger"

- now within one halo, galaxies interact &
lose angular momentum

- SFR starts o increase

- steflar winds dommnate feedback

- rarely excite QSOs (only special orbis)

(b) “Small Group"

Mot Giromp

- halo aceretes similar-mass
companion(s)

« can occur over a wide mass range

= M still similar to before
dynamical friction merges
the subhalos efficiently

(a) Isolated Disk

Ms1

- halo & disk grow, most stars formed

- secular growth builds bars & pseudobulges
- "Seyfert” fueling (AGN with My>-23)

- cannot redden to the red sequence
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(d) Coalescence/(U)LIRG

(e) “Blowout”

IRAS Quasir He

S
g

- galaxies coalesce: violent relaxation in core
- gas inflows to center
starburst & buried (X-ray) AGN
- starburst dominates luminosity/feedback,
but, total stellar mass formed is small

« BH grows rapidly: briefly
dominates luminosity/feedback
- remaining dust'gas expelied
« get reddened (but not Type II) QSO:
recent/ongoing SF in host
high Eddington ratios
merger signatures stlll visible

- dust removed: now a “tradwional” QSO

- host morphology difficult to observe
tdal features fade rapidly

- characteristically blue/young spheroid

(g) Decay/K+A

1000 F =
lOOl!r ¥
E z

- QSO luminosity fades rapidly
« tidal features visble only with
very deep observatons

- remnant reddens rapidly (E+A/K+A)

S——— ——- - “hot halo”™ from feedback
a A g - sets up quasi-static cooling

(h) “Dead" Elliptical

ATTT BT AR BT

M50

1ogyol Lyso / Lo |

® ©
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Time (Relative to Merger) [Gyr]

- star formation terminated

- large BM/spheroid - efficient feedback

- halo grows to “large group” scales:
mergers become inefficient

- growth by “dry” mergers

Hopkins et al. (2008)

* Enhancement of star formation

* Triggering of AGN

» Re-distribution of metals and gas...
Galaxy interactions could

significantly affect the
baryon cycle



Hickson Compact Groups
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Small number of members (3-10) with a
low velocity dispersion (g ~200 km/s)

Similar to cores of dense clusters

Unique and interesting laboratories for
studying galaxy interaction and baryon
cycle



HI Deficiency in HCGs
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HI Deficiency in HCGs
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Diffuse HI of Stephan’ s Quintet
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Diffuse HI of Stephan’ s Quintet
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Key Questions

* Where is the HI in HCGs? In diffuse gas?

* Does the large-scale diffuse gas commonly exist around
HCGs?

* What is the origin of the diffuse gas? Early galaxy
Interaction or cosmic web



Deep Mapping of Diffuse HI Gas in Intragroup
Medium of Hickson Compact Groups
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HCG 100
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Dec (ICRS)

~ HCG 100
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4 spiral galaxies @ z = 0.0178

: Distance ~77 £ 5 Mpc

VLA: HI tail extending ~130 kpc

b | to the SW of the core

Tidal dwarf galaxies in HI tail
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Calibration
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Calibration
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Calibration
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Baseline and standing wave
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Flux Calibration
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RFI (Radio Frequency Interference, 5471 -
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. Local
“ neighborhood

z=_'h°h“_‘1“=-ﬁl_fuhﬂ tIﬂlﬁ“:'}‘rﬂ—1=z
.1 fobs C f
Table 7.1.1: Velocity Rest Frame Designations
Rest Frame Name Rest Frame Correct for Max. Amplitude (km/s)
Topocentric Telescope Nothing 0
Geocentric Earth Center Earth rotation 0.5
Earth-Moon Barycentric Earth+Moon center of mass Motion around Earth+Moon center of mass 0.013
Heliocentric Center of the Sun Earth orbital motion 30
Barycentric Earth+Sun center of mass Earth+5Sun center of mass 0.012
Local Standard of Rest (LSR) Center of Mass of local stars Solar motion relative to nearby stars 20
Galactocentric Center of Milky Way Milky Way Rotation 230
Local Group Barycentric Local Group center of mass Milky Way Motion 100
Virgocentric Center of the Local Virgo supercluster Local Group motion 300
Cosmic Microwave Background CMB Local Supercluster Motion 600

2025¢ttps://www.atnf.csiro.au/people/Tobias.Westmeier/tools_hihelpers.php#restframes 2



https://www.atnf.csiro.au/people/Tobias.Westmeier/tools_hihelpers.php#restframes

FAST Observations
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Gridding

Nyquist Sampling RH£5E f, > 2f L \
* Nyquist(&-> Beam size > 2 "FEER)
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Sidelobe Correction
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Angular offset [arcmin]
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Sidelobe Correction
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Sidelobe: Truth Map

FAST raw moment0
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Sidelobe: Scaling by HI Spectrum
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Sidelobe Contribution
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Smoothing
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Results: HI Column density and mass

2026/8/22

Yu et al., 2026, ApJL, 1007, L32

HI emission in 5000-5700 km/s
Projected length: ~1 Mpc

HI column density:

VLA: ~9.3 x 101%cm™2 (36 over 700
km/s )

FAST: ~8.6 X 10”cm™2 (3 over 700
km/s )

HI mass:
VLA: (1.45 £ 0.17) x 10*°Mg

FAST: (3.10 + 0.31) x 10'°M,

~40-50% diffuse HI resides outside galaxies

33



Moment Maps
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Component 5500 km/s
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PV-diagram
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PV-diagram
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Origin of the Diffuse HI

* Stripped HI gas from past interactions?

* Pristine gas accreted from large-scale structure?



New HI Sources
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HI Fraction of Neighboring Galaxies
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Origin and Fate of the Diffuse HI

Stripped gas or accreted gas

l Deep high-resolution observations
Low density HI exists >1 Gyr? Simulations across many scales
l/ for multiphase gas

v /
\ /4
4

Fuel star formation or be 1onized?
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Summary

1. We detect a diffuse HI structure extending over ~1 Mpc around HCG 100

, with column density down to 8.6 X 10 ¢m ™2,

2. The extended structure contains ~1.4 X 10'°Mq of diffuse neutral gas,
implying that up to ~40-50% of the HI gas resides outside galaxies.

3. The large-scale diffuse HI may originate from large-scale tidal debris or gas

accretion from the surrounding large-scale structure.

4. Our results demonstrate that massive reservoirs of diffuse neutral gas can persist

on megaparsec scales around galaxy groups for extended periods
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