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HI IN GALAXIES

» Hydrogen is the most common element
» HI is the fuel for potential star formation

» Late-type star forming galaxies usually have a significant amount of HI

» Hl is a good tracer of galaxy evolution - loosely bound at the edges of the
disk

fo = 1420 MHz
Ao = 21 cm




RADIO OBSERVATIONS,
NOT THE SAME AS OPTICAL



2 TYPES OF RADIO TELESCOPES

The resolution of a telescope depends on its size and the wavelength of light that is getting
observed.

" This is good for short wavelengths, like UV or optical telescopes
But unfortunate for radio telescopes

>

® - resolution

@:A/D \ - wavelength

D - diameter/baseline

Singel dish telescopes: Interferometers:

Resolution: ~ Diameter Resolution: ~ distance between telescopes
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OBSERVING WITH ATCA

ATCA - Australia Telescope Compact Array

The telescope observes voltages as a function of frequency, which gets digitalised.

For an interferometer the digital data from the individual telescopes gets correlated in a computer

cluster.
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(A on-line ASSISTANCE v3,0
Name: 0058-7413 End: 17 m utr

RA & 00:57:32,50 Az,: 194,1 LST
Tec : -74:12:43,0 El,: 41,2 HA
[ Sunnary—;
all_SYSTEMS OK
4+ -0 X
wvel F1:
vel F21

[ ) @ X
[10.000000| |o0.051000( [0:512000| | 0.128000
bat139
state: | GO| Avg: 1] bati3orn

ca_2048_2048_11
ca_2048_2048_11_lunaska

File: | 2016-05-03_0240.C3086

UPDATE

From 1-caccel (192,168,0,11) i 28 Destination

CABB::

ATTS: OFF | DELAVG: E TVCHAN: Fl:\ 200,950 | Fz:\ 200,950 |

From 1-caccel (192,168,0,11) i
From 1-caccel (192,168,0,11) i Destination

Destination

From 1-cacccl (192,168,0,11) icmp_seq=40 Destination
64 bytes from 1-bccl2,atnf,csiro,au (192,168,0,112):

64 bytes from 1-bccl2,atnf,csiro,au (192,168,0,112):

1-bcel2,atnf,csiro,au (192,168,0,112):
1-bcel2,atnf,csiro,au (192,168,0,112):

B4 bytes from
B4 bytes from

-—- l-becl2,atnf,csiro,au ping statistics -—

rtt min/avg/max/mdev = 0,146/135,889/678,731/271,421
cacccl:®/temp> ping 1-bcc32

From l-cacccl (192,168,0,11): icmp_seq=1 Destination

64 bytes from 1-bcc32,atnf,csiro,au (192,168,0,132):
64 bytes from 1-bce32,atnf.csiro,au (192,168,0,132):
64 bytes from 1-bcc32,atnf.csiro,au (192,168,0,132):
B4 bytes from 1-bcc32,atnf.csiro,au (192,168,0,132);

64 bytes from 1-bce32.atnf.csiro,au (192,168,0,132):
64 bytes from 1-bcc32,atnf,csiro,au (192,168,0,132):

CA06 - TsYs | & SAMPLERS | . F1 DATALINKS | ., F2 DATALINKs | - FI DSPBRDs | .. F2 DSP BRDs |
TRACKING TRACKING
—cao3—{|[Fo P0 RMs: 1 2 g 1 g & aAtten: 1 2 3 4 5 6
194.204° 194.204° 1a 446 423 367 56.2 209 18 5 4 6 7 14 9 =
41.298° 41.298° 1B 43.9 22,0 20,7 42.8 32.6 19.6 9 3 13 5 12 12
0.2" -0.4" 2 a 349 406 53.5 6l.6 232 17.9 W 4 2 8§ 13 &
0.0 0.5 2 B 52,8 27.1 53.9 50.8 30.8 19.2 7 4 2 5 12 10
CAO06
“anag L "=valul
X » 1,R;5,%,0
= e
MONDATA - 03:02:00.000 NA=6 NA-=6
OLDCYCLE: 03:02:00.000 NA=6 NF=2 ON SRC: 111111
NEWCYCLE: GMST=17. 80225 0BSTYP=0x0 FQIds=1,1 SRCId=1 PaDL=0
DELEAT - 03:02:20.000 0: 000000 || 000000
MONDATA - 03:02:10.000 NA=6 NA=6
OLDCYCLE: 03:02:10.000 NA=6 NF=2 ON SRG: 111111
NEWCYCLE: GMST=17.80504 0BSTYP=0x0 FQIds=1,1 SRCId=1 PADL=0 —
|pELEAT : 03:02:30.000 0: 000000 || 000000 7
N I=|_|
02.15.21. . SYNGCG: HDR (contd) . 1665, 500/-1 1420 500/-1 1667, 500/-1 1720 500/-1 X
02:17:51:: HDR: Src:0058-7413 Fq:2100.000/-2048 2100.000/-2048 1420.500/-1 1612.500/-1
02:17:51:: SYNGGC: HDR(contd): 1665.500/-1 1420, 500/-1 1667.500/-1 1720.500/-1
02:40:42:: CORDAT: CLOSED 3.98Gh File - OPENED NEV File: 2016-05-03_0240. 3086
02:48:21:: HDR: Src:0252-712 Fg:2100.000/-2048 2100.000/-2048 1420500/-1 1612.500/-1
02:48.21: . SYNGCC: HDR(contd): 1665.500/-1 1420, 500/-1 1667.500/-1 1720,500/-1
02:50:51:: HDR: Src:0058-7413 Fq:2100.000/-2048 2100.000/-2048 1420, 500/-1 1612 500/-1 =
02:50.51.: SYNGCC: HDR(contd): 1665.500/-1 1420 500/-1 1667.500/-1 1720.500/-1 7
R~ =]

64 bytes from 1-bcc32,atnf,csiro,au (192,168,0,132):

64 bytes from 1-bcc32,atnf,csiro,au (192,168,0,132):

-—- 1-bcc32,atnf,csiro,au ping statistics -—

64 bytes from 1-bccl?,atnf,csiro,au (192,168,0,112): i

45 packets transmitted, 5 received, +13 errors, 88% packet loss, time 44070ms

PING 1-bcc32,atnf,csiro,au (192,168,0,132) 56(84) bytes of data,

From 1-cacccl (192,168,0,11) icmp_seq=1 Destination Host Unreachable
From 1-cacccl (192,168,0,11) icmp_seq=2 Destination Host Unreachable
From 1-cacccl (192,168,0,11) icmp_seq=3 Destination Host Unreachable

11 packets transmitted, 8 received, +4 errors, 27% packet loss, time 10015ms
rtt min/avg/max/mdev = 0,131/580,164/2549,672/301,647 ms, pipe 3

Host Unreachable
Host Unreachable
Host Unreachable
Host Unreachable
icmp_seq=41 ttl=64 time=G£78
i tt1=64 time=0,14
tt1=64 time=0,18
icmp_se tt1=64 time=0,21
icmp_seq=45 ttl=64 time=0,17

ms, pipe 3

Host Unreachable

icmp_seq=4 ttl=64 time=2549
icmp_seq=5 ttl=64 time=1550
icmp_seq=6 ttl=64 time=540

icmp_seq=7 ttl=64 time=0,142
icmp_seq=8 ttl1=64 time=0,132
icmp_seq=9 ttl=64 time=0,153
icmp_seq=10 ttl=64 time=0,14
icmp_seq=11 tt1=64 time=0,13

corr_on_cacccl: /hone/corr/tenp

Command: |delavg &

RPFITS




The raw data needs to be cleaned from RFI and
calibrated to the instrument response and to a
standard flux scale.

Then data from different angles in the sky is
gridded into an image. This is a type of Fourier

transformation to produce a raw data cube.

After this the data is cleaned, with an algorithm

that iteratively models the signal and minimises the

noise.
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THE FINISHED DATA

HI line profile
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GALAXY TYPES

Typically gas rich, with HI

Edwin Hubble's
Classification .
Scheme - '

Ellipticals ™. — R
EO E3
® *7.—.* Spirals
Q - - 731
' _. 4 SBc .

Typically gas poor, with no HI

https:/ /www.spacetelescope.org/images/heic99020/



A TYPICAL LATE-TYPE/SPIRAL GALAXY

Satellite galax

Cosmic HI clouds (accretion)



Star forming late-type galaxies have usually significant
amounts of HI

Morphology is usually a regular disk approximately 2-3 times
the stellar diameter

...~ NGC 6964: same scale

Optical (stars) TR radio 21cm (hydrogen gas)




NGC 1023 NGC 3945

HI data from Serra et al. 2012

IC 1730
. NGC 678

-

. . NGC 680

- 1 1 . red: optical, DSS2 B;
Early-type galaxies can have various HI morphologies sreen L biue: UV, GALEX

from regular disks to rings and unsettled clouds.

This gas is usually acquired from another galaxy (e.g. gas
rich merger or tidal interaction)




HI IN DWARF GALAXIES - MAGELLANIC CLOUDS

» Star forming dwarfs generally have plenty of HI
» HI is in a disk or has irregular distribution

SMC - ASKAP+Parkes e LMC - ATCA+Parkes



WHAT CAN WE LEARN FROM
THE HI DATA?



CALCULATEING THE HI MASS OF A GALAXY

- We can calculate the HI mass of a galaxy the following way
- Here we assume that the HI is optically thin

(i) =230 19°(50) [ [57] ()

1 1

Distance to the galaxy Integral of the Hl line

J, (optical) ¢ Systemic velocity of the galaxy
Ho = Hubble constant




HI extends much further out than the stellar light.
Because we measure the HI line, we also get velocity information on the
gas.
The velocity information can be used for distance measurement.
Velocity fields can be used to derive rotation curves and to trace the
total mass distribution of a galaxy far outside the stellar disk.
In most galaxies, the HI rotation curve is flat at large radii, implying the
existence of large quantities of dark matter.
The velocity information can be used to trace various galaxy evolution
processes (e.g. interaction with another galaxy)

NGC 2403 — Gas and Stars NGC 2403 — Rotation

15,000 light years

THINGS survey, Walter et al. 2008



Galaxies reside in different environments
Field, groups and clusters

morphology-density relation

Star formation - density relation

Late-type galaxies in high density environments tend to have less HI

Environmental processes:
tidal interactions
mergers
ICM interactions
starvation




VIRGO CLUSTER GALAXIES
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HI maps of Virgo galaxies, Chung et al. 2009



THE M81 GROUP

de Blok et al. 2018, SDSS image + HI (blue)



THE MAGELLANIC SYSTEM
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