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H| 1S better chaser of Dark Matter?
cosmology with HI surveys

we predict this... .. but we measure this
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TIDAL INTERACTIONS IN M81 GROUP
21 cm HI Distribution

Credit: Chynoweth et al and NRAO/AUI
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Figure 10. The intensity weighted velocity field of the M81 group derived from the DRAO 1.8 resolution datacube. The contour
corresponds to the 1 x 10" cm™2 column density level.
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Galaxy Dynamics in THINGS — The HI Nearby Galaxy Survey

NGC 2403 = Gas and Stars

15,000 light years

THING S
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I N e
Galaxy

Color Coding:
THINGS Atomic Hydrogen

(Very Large Array)
Old stars

(Spitzer Space Telescope)
Star Formation

(GALEX & Spitzer)

NGC 2403 = Rotation

velocity

Color coding:
THINGS HI distribution:

_~ Rotation Curve
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Image credits:

VLA THINGS: Walter et al. 08
Spitzer SINGS: Kennicutt et al. 03
GALEX NGS: Gil de Paz et al. 07

Rotation Curve: de Blok et al. 08




Tilted RiNngs

* Model galaxy with concentric rings with
center (x,y) and systemic velocity Vsys each
with their own i, PA, and V

V(x,y) = Vsys +Vc(R) sin(i)cos(0)
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Mass Models
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Mtot - Mgcs + Mdisk + Mhalo
I ILM If* S o Sty I
Vot = Vzgc:s + Vigisk + VZhalo
gas
total Credit:
« Erwin de Blok
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Gas and Stellar Evolution
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(NGC4258) from NASA Astronomy Picture of the Day

Image

Credit: NASA,
ESO, NAOJ,
Giovanni Pagliols;
Assembling and
processing: R.
Colombari and R.
Gendler
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The integrated intensity map of M106 region overlaid on a
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5.2 x 108 cm™2). Green contours are HALOGAS images

: (integrated over 200-750 km s1), contour levels start at
image from: www.legacysurvey.org 1 x 10%%, and increments by 5.41 x 102° cm™2. o




> Deep FAST map of M 106 region. Col density 5x10*17 cm-2
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Dec (J2000)

Accretion Stream trigging star formation
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M 106 group

Zhu etal. 2021 AplL
Liu et al. 2024 MNRAS
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Accretion sources NGC 4288—LMC type satellite

30

PV diagram cut
through N4288
and N4288B
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N4288B

No optial
counter-part
M*< 10"6Msun

Kovac et al. (2009)
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Accetion source NGC 4288

Ingteracting with DDO 120?

UV image of N4288 from GALEX VLA HI map of DDO 120

Borthakur et al. (2011)
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HI stream, Analog of the Megillanic
stream?
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M101- FAST HI map
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M94: FAST detect much more diffuse gas than VLA

HIin M94 wiTH FAST
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Model
fitting
M94

(Zhou etal.
2023)

y [kpc]

y [kpc]

150

100 —

-50

-100

-150

150

100

50

=50

-100

-150

a

-150 -100 -50

I
0

x [kpc]

I
50

|
100 150

C

v

-150 -100 -50

I
0

x [kpc]

|
50

|
100 150

22
o
20
£
)
18 wn
=
S
16 o
L T
14 EE
(@)
o
12
100
50 0
=
%
A -
&)
=
-50 S
-100

y" [kpc]

y [kpc]

150

100 =

50 =

-100 +—

-150

b

-150 =100 -50

150

1

I
0

x' [kpc]

|
50

|
100 150

100 =

50 =

-100 +—

=150

d

-150 =100 -50

I

|
0

x [kpc]

|
50

I
100 150

22

20

18

16

- 14

12

log(Ny) (atoms cm~2)

Velocity (km/s)



M 51: FAST real
extended gas
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FAST + WSRT HI map of NGC 4631/56
Wang etal. Ap] (2023)

cosmology simulations find that gas accreted
from the CGM during the merger could
contributes 30-40 percent to the gas bridge
(Sparre et al. 2022)

Credit: Kang Xi



NGC4485/90

ESA/Webb Picture of the Month



https://esawebb.org/images/potm/

FAST Mapping of N4490/85
Liu, Zhu et al. 2023 MNRAS
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Co-rotating gas and satellite structure around
Karachentsev & Kroupa 2024

NGC 4490
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Co-rotating gas and satellite structure around
Karachentsev & Kroupa 2024

NGC 4490
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NGC4449
3D visualization
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Figure 2. A 3D exhibition of NGC4449 in different angles of view.



Possible Origin of NGC4449 HI Disc
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(Gas stripped from distrupted dwarf galaxy

44°10' SRS

00" S wda s

43°55"' Y

Decl. (J2000)

50 | '

45' .

12230m00529m305 005 28M305
R. A. (J2000)

005 27m308




Formation of SO galaxy
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More SO example: NGC 4111 and NGC 2768
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NGC2768X =

60°30'00" i

60°15'00" S
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Halo gas in NGC2683
Jiao,Zhu etal. 2025

H1 Havo or NGC 2683
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FEASTS (£%F &)
(FAST Extended-Atlas-of- Selected-
Targets Survey)
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4L RSB --FAST

* Distance from recessional velocity, cz
* Hubble flow: D[Mpc] = cz[km s71] / Hy[km s7t Mpc?]

* Dynamic mass from line width
I\/ldyn (I’<R) =~ Vrot2 R/G

i

HI Flux

Velocity




ALFALFA HI survey

* Detect 31500 HI
SOUrces

* Large amount of
optical galaxies have
not been detected In
HI (only 3% have HI)

(Haynes + 2018)

Dec = +26° Lile

#(a40) = 3091 : "
#(SDSS)= 0209 (& 7 gy av- e pIIEE
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Previous HI surveys

HI-blind surveys
» HIPASS (HI Parkes All sky survey): z<0.04, N~6000
» ALFALFA (Arecibo Legacy Fast ALFA Survey): z<0.06, N~31,500

Targeted observations

» GASS (GALEX Arecibo SDSS Survey) z<0.05, N~800

» RESOLVE (REsolved Spectroscopy Of a Local VolumE): z<0.023, N~1600

» HIGHz (A Survey of the Most Hi-Massive Galaxies at z ~0.2): z=0.17-
0.25, N=40

Targeted resolved observations on smaller samples:

» THINGS (The HI Nearby Galaxy Survey): N=34, D<15Mpc

» VIVA (VLA Imaging of Virgo in Atomic gas): N=53, D~16Mpc

» BUDHIES (Blind Ultra Deep HI Environmental Survey): N~150, z~0.2

» CHILES (COSMOS HI Large Extragalactic Survey): N~300, z<0.45

HAERNBEANES. SEESHE, Fip, BEARLIE
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Lister Staveley-Smith & Tom Oosterloo 2014
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Wallaby (WIDEBAND ASKAP L-BAND
LEGACY ALL-SKY BLIND SURVEY)

Principal Investigators: B. S. Koribalski (ATNF) & L. Staveley-Smith (ICRAR/UWA)

Wallaby: summary

Angular resolution. 10-30 arcsec

Area. 31

Banawidth. 300 MHz (z=0 to 0.26)

Frequency resolution. 18.3 kHz (4 km s™1)

RMS flux density (0.1 MHz). 0.7 mly/beam

RMS column density sensitivity (0.1 MHz). 1.7x10Y cm~2
Cube volume: 6 PB (uv data 50 PB)



Wallaby: Simulated sky and redshift distribution

(Beutler)
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Declination

Opening angle - sky coverage
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The large-scale
structure distribution
15 < DEC < 60° and
volume extending
over to ~26323 km
s—-1
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FAST B EMN S Arecibo #(3ELEE: (NGC 3227, NGC 3190 groups)
(Luke Leisman+ 2016)
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Caveats
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M-5logh
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Courtois et al. 2013
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Mass distribution In the local Universe




Tully et al 2014, Nature
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H|l mass function

Ma etal. arxiv2411.09903
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HIMF 1n Ursa Major Cluster (Yu etal.2025
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MHI/M=* ratio --IRERILY
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Large-scale cosmic web

Dark matter
+— halo ofa

Galaxy galaxy
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Dwarf satellite
galaxies

Fast dwarf galaxiés -~
are new arrivals from
the cosmic web

Ibata and Lewis (2008) Sciences 319, 50

Cosmic web In the local universe
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Dark galaxy
or RELHIC?

(REionization-Limited HI Clouds)

Benitez-Llambay & Frenk 2020 (MNRAS)
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| 1P mtly dis-
CC ‘{f’T*""“""”'i“ tent with
being a ACDM RELHIC. We find that CL-9’s proper-
ties are consistent with the system being a RELHIC,
as recently argued by Z23. The match between the
model column densities and observations, together with
the large projected distance between CL-9 and M94, the
round shape of CL-9's isocontours, the lack of a lumi-
nous counterpart, the small broadening of the emission
line, and the total HI mass make CL-9 the first firm
RELHIC candidate in the local Universe. The analy-
<ie of this svetemnm demonstrates the potential of these

Observed profiles
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HVC G185.0-11.5
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A cold, massive, rotating disk galaxy
1.5 billionyears after the Big Bang
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HVC G185.0-11.5
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&I KK153

Dec (J2000)
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AASTEX ULTRA-FAINT DWARF GALAXY IN THE LOCAL GROUP: KK 153
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Figure 1. a, H1 column-density map of KK153 from the FAST observation shown in white contours overlaid on the DESI-RGB (g, 7, z) imag
in color scale. The white contours begin at 4.2x10'" cm ™2 (30) in steps of 2.0x 10'® cm™2. b, the zoom-in DESI-RGB image of KK 153.




“Almost Dark Galaxy” (Xu, Zhu etal. 2023,
AplJL)
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l0g10(My/Mg)

FASHI new dwarfs

l0g10(M+/Mg)
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(Anand et al. 2025)



Galaxies without optical Counterpart
(Kang et al. 2022)
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Fig. 11: Left and middle plot show HI source spectrum line, HI intensity mappings,respecitively
and its counterparts image in unWISE W1/W2 NEO6 band in right panel,Left and middle plo
show HI source spectrum line, HI intensity mappings,respecitively, and its counterparts image i1

unWISE W1 /W2 NEO6 band in right panel.




H | study of a large sample of ultra-diffuse galaxies
ApJ)
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Tully — Fisher relation
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star formation rate
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Star formation
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Summary

1. FASHIsurvey has found over 150000 HI sources

2. Found some dark galaxy canidates

3. Found large amount diffuse gas in nearby galaxies

4. Found much more tidal features in many interacting
systems - ZRAMEVRAARL LR GE, RIZEZZREWL
J AL E A R



