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Why study HI?

e Neutral atomic hydrogen (HI) is the fundamental fuel for star formation in galaxies
« Sensitive probe of the dark matter halo in a galaxy

« Traces a history of past interactions

 Scaling relations provide insight into baryonic cycle in galaxies: HI mass vs Hl size,
stellar mass, SFR, sSFR, etc
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HI Galaxy Science
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» How do galaxies replenish their gas?

» How are gas accretion, star formation, and feedback related

» How is the HI in galaxies linked to AGN activity?

» How is HI affected by galaxy interactions, environment, & redshift
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A global family of precursor and pathfinder facilities

Precursors:

Pathfinders:

EMBRACE eMERLIN
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A global family of precursor and pathfinder facilities

Precursors:

Pathfinders:

VRN
EMBRACE
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Hl surveys with SKA pathfinders: pushing instrumentation limits

« Untargeted HI surveys

~-BUDHIES: z~0.2

+10°

CHILES ~0.25 deg?

z~0.5

 Previous generation of HI studies

-80°  _ggo  -80°

e Pointed HI observations

o Wide-area unresolved HI surveys
e CHILES: upgraded EVLA
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Hl surveys with SKA precursors: a tiered approach

« Untargeted HI surveys

Apertif medium-deep ~160 deg?

0 MIGHTEE-HI ~20 deg?
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Z_

z=1.4

WALLABY
.2~14,000 deg?

: « New generation of HI surveys enabled by tech
o e advances with new SKA precursors

e Improved surface brightness & resolution

« Wide-area; medium-deep; deep
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MeerKAT:

« Study HI accretion
& link with star
formation

« 30 nearby field disk
& dwarf galaxies

« HIPASS detected/
SINGG

e My~ 107-1011
e Each 55h

e HI column density
limit of ~¥5x1017 cm-2
(30/16 km/s)
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FEASTS: HI in/surrounding galaxies in the Local Volume

Keeler 529

o FAST: 2.4 deg? in 4.47 hours
« Combine single dish & interferometric data
e Low surf brightness gas >25% of total mass

e Separate warm and cool HIl; argue that the Hl
is cooling out of the intragroup medium

- NGC4627 : Dwarf A

NGC4631
MCG+06-28-022

N

NGC4656

FAST

10 kpc

12M44m 43 ra(zzz) 41m 40m T v ; ‘ NGC 4631 »
Wang et al (2022)
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Stephan's Quintet

VLA

Group
observations:
quantify the
amount of
Intragroup
HI: tidal
debris; gas
processing
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Stephan's Quintet
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Galaxy Clusters with MeerKAT: prevalence of ram pressure stripping & jellyfish galaxies

MeerKAT:

®
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WIDE AREA SURVEYS: Apertif, WALLABY, CRAFTS
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WIDE AREA SURVEYS: Apertif, WALLABY, CRAFTS
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/§§§§CPERTIF APERTIF: An unbiased view of HI across environments

APERture Tile In Focus
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WALLABY: Census of gas rich galaxies in the local (southern) Universe

« Unbiased view of HI in galaxies with environment NGC 5044
« Dwarf galaxies: dark matter halo mass/distribution ~120 deg?

« Galaxy kinematics: quantifying frequency of
warps; how bars funnel gas in center of galaxies

25+ papers and counting on from
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Medium-deep HI surveys: Apertif MDS & MIGHTEE-HI

« Tens to hundreds of deg?

o Fills the niche between wide and deep surveys

« Good depth; good area; good resolution; great ancillary data

NGC 4111
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GMRT DEEP2 stacking: HI detection at z=1 !

 Stacking 11,419 galaxies with spectroscopic redshifts <M*>= 1010 Mg
e 510 hours between 7 pointings

* <Mu> = 1.3x1010 M@ at <z>=1; significantly more than <My;> = 3.9x10° M@ at <z>=0
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DEEP HI SURVEYS: CHILES, LADUMA, DINGO

« Single pointing surveys >1000 hours on JVLA, MeerKAT, ASKAP
« Science goals
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_4 CHILES: Resolved galaxies in different environments

e Low HI mass: aligned with ||

filaments 1095 Mg

e High HI mass: anti-aligned

with filaments

J100136.9+023032.1

2-0678

J2000 Declinatic
4w
]
¥
B @
R &
W = 0 N
NN
-
E He s fio s

J100126.9+022802.9

122

==

B AT AL gE AN A T )

z=0.09

N
Il
o
o
®

1696

K/\\‘L\/ﬁ : 2| %X (1419315, 5.5 Mpc) 15
u\_\%/_/ z (1221696, 5.7 Mpc) o]
& 4 05 x

" Decl. *

X
437568, 7.1 Mp

(969633, 6.0 Mpc)

Distance from field center [Mpc]
Distance from field center [Mpc]

0.5
-4 1.0
-5
o ; . -15
2 1 0 -1 -2 -3 -4 15

Distance from field center [Mpc]

a) | b)

10 05 00

0 -05
Distance from field center [Mpc]

|||||||||

Decl. |

(2-0882 - O 2 al
203012 i / 1 (c) 4100119.84022756.5
10%01™38"0 370 36'5 360 3t 18" . . 1 e L 1
’ . _ (@)
12 F y 4
(5¢)  (50) (5d) Group1(5a-5e) 0121 L oys s
. 3] % 22800 F 22800" | \
R N 5 o i @
' . (5b) san F » 540 N 1
154 . 5 . B > 4 2=0.123 V|
[ S e O » * 12=0.260]
14 o - i et 1
05+ N e e . . 405 42000 Right Ascension * = ARG i
o ‘ 10'01m21%0 20% 19°5 19%0 18°5
1 J2000 Right Ascension

()!’»'.,r"."'- T Aes——us Jio0116.7

J100131.5+022557.7

ry it A 4 Sl Group L FTE @]
s f R T e A [ 300
. ° o L 30 Yo * o 12 1
24 . ) . t2 o b 072z, EO130T a0
L . oy e . (B) * G Vi
254 m P o L .. o f L 4 925 200k 2 § © 20
3 25 2 15 05 0 05 1 15 2 25 3
. j
< & « [2=0.609]
w bt N [2=0.853]
0,121 i
.
a2k % 0475\
. [2=0.448]
ro1mas

-
42000 Right Ascension

i L)
24" 1: .
2=0.125 \‘
18" i
12" @z 0.123
:
" o M
06" Fu 220125 ¢
\os
2700° O 'y

J100120.3+022714.9

10"01m21%5

205 20%0 19°5 190
J2000 Right Ascension

Blue Bird et al (2019)

COSMOS group catalog & z=0.17

DISPERSE filament finder y .
. . . -c .(:) ;
2=0.12 g _—3
o —~ . : .5. % - .
%) ° 0. * .
e , M= oy .
. ..‘- :’:uﬁ '..:‘-,.'.0 .o 2
. A ’:(. 3;@3::' C
8\ O ::..;.:‘_:? -
T e T
o.... : ° Y

]
-
DN Y
»)
.
e o °*
. .9
. @
. %
.
53 :
. R
« _ o ° .
o;"":. v ..
.
<]

See also
MIGHTEE-HI
Tudorache et al
(2022)




IRAS 16399-0937

Glowacki
et al (2022)
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e First untargeted OH maser detection beyond z=0.5
* Host galaxy is ULIRG with Lpr ™~ 1.6x1012 Lo
« OHMs are tracers of the cosmic merger rate
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Science highlights

« Combining high surface brightness sensitivity (single dish or
interferometers with lots of short baselines) with high resolution imaging

e Untargeted wide-area observations present an unbiased view of Hl in a
range of environments; what types of galaxies contain Hl

e Pushing well beyond the local Universe

Ly (103 Jy Mpc?)
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o BN HI TOOLS: Source finding, source characterization, and data visualization
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HI TOOLS: Source finding, source characterization, and data visualization E!
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Virtual Reality Data Analysis Tool
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HI TOOLS: Source finding, source characterization, and data visualization E!
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Virtual Reality Data Analysis Tool

Fie | ReNDERNG [__S

Histogran

4,(_,l|('[/|“| 0 (

cale [/"l/

ON'

Mean

~ ¢
‘ YO\

St
0.00(

,IIJ”"'

iDAVIE: Jarrett et al (2021)
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Conclusions

« Surveys with precursors are combining high surface brightness sensitivity
(single dish or interferometers with lots of short baselines) with high
spatial resolution

e Untargeted wide-area observations present an unbiased view of Hl in a
range of environments; what types of galaxies contain Hi

e Pushing well beyond the local Universe

 Tools for HI surveys; maximizing science from large data volumes are
being developed and tested now -- demonstrating success with current
surveys
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