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biased overview of HI measurements
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Hyd rogen (lightest element, ~76% baryons of the Universe)
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predicted detection
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first extragalactic HIl observations (Keer et al. 1953)

KERR, HINDMAN, AND RoRINsON PLATE 2
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Fig. l.—Contours of integrated brightness. (Unit=10- W m"?sterad-t} The dashed line
approximately encloses the aress within which radiation was detected.
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Fig. 4. —Contours of residual mean radial velocity, after removal of galactic rotation and solar

anic Clouds. It covers the same motion.

Fig. 2.—The portion of the southern sky containing the M
area as the centour disgrams.
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L - A - B (Kalberla et al.)

http://www.astro.uni-bonn.de/~webaiub/english/tools_labsurvey.php

Effelsberg-Bonn-HI- Survey (EBHIS) under construction
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Galactic rotation Warp (g

zkpe)

Figure 3
The warped Galactic plane; averape midplane positions as derived from the Leiden-Argentine-Bonn 21-cm
line survey by ftting three basic modes. Isophotes are Irom 2y = —2 10 5.5 kpe in steps of 0.5 kpe, The z =
0 plane is inclined by 60° and viewed from ¢ = 15%. The location of the Sun is indicated by the vellow dot.
The hlue dashed lines mark quadrants in azimuth and distances B = 10, 20, 30, and 40 kpe, respectively.

Kalberla & Kerp 2010

simple rotation curve

e.g. solid body r< 0.5 kpc

v(r) = 220 kms™'; R, = 8.5 kpc

VLS = (EHE v(R) - 'r.'{ﬁ'u:l:] sinl cosbh,
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YDEV = ULSR — Ymin if V1sg < 0; UDEV = ULSR — Vmax If visg > 0.

Wakker et al. 2004
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CNM - cold neutral medium
Narrow absorption features in
front of strong galactic sources T

WNM - warm neutral medium
located close to galactic plane T

<50K

kin_gas

>200K

kin_gas

WIM - warm ionized medium

Halpha emission in Galaxy widespread T >104 K

kin_gas

HIM - hot ionized medium
diffuse soft X-ray emission & O IV line T ~ 106 K

WHIM - warm-hot intergalactic medium

Heating: convert external energy into thermal motion of the gas
Cooling: collisional excitation (by heavy elements)



extragalactic HI

Hl/spectral line talk

data cube

Nearby galaxies

Galactic HI emission

position-velocity (PV)

Zwaan 2008



gf.*! The HI Nearby Galaxy Survey (THINGS) @
F. Walter, E. Brinks, E. de Blok, F. Bigiel, M. Thornley, R. Kennicutt

VLA D, C, B array




~ optical

VLA + GBT
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extragalactic HI
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NGC 2403 — Gas and Stars

15,000 light years

NGC 2403 — Rotation

THINGS
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radiative transfer
CAUTION isothermal cloud
continuum

subtraction

(VL) £ 0
t(VC)=0

Y, Y, optical depth
C L
lg(V) =Tg (1-e™ )+ Toe™™b)  1=-In(1+ T /(Tg-Tc))

(Vo) = Tg (1 - e™VE) + T eVo)) Tc>>Tg:
t=-In(1-T/Ty)

measurements

Is(V) -1g(Ve) = (Ts-Te) (1 - e™Vh)))
T, =(Ts-To) (1-e™ VD)) NH/T,=C f 7,dvem 2 K71

C=1.823x10"% cm2 (km s~ 1)L



measurements

T, = (fyTg-Tof Te) (1 - VD))

f., beam filling factor cloud
f. beam filling factor continuum

fy fraction of continuum source covered by cloud
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magnetic field measurements

. - . Magnetic
AE = EilzL+ES) B = QLJJ.ij B interaction
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Tully-Fisher relation (1977; spirals L ~ Avé p =3.0-4.2)

NGC 2403 — Rotation

THINGS

HIPASS local HI content

4300 galaxies up to 12 Mpc
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~ counter rotating
halo clouds M, > 10°

Siuaters et al. 1997

- outflow/inflow

- fountain model is not sufficient to explain kinematics
Fraternali & Binney 2006, 2008

- LAB Kalberla et al. 1998 priv. comm.

intergalactic - low angular
momentum material needed



cosmic web

H gas

10 15 20 25 30

- galactic concentrations
- warm-hot intergalactic medium (WHIM)
- diffuse intergalactic medium (Lya forest)

Gas particles simulation, temperature/density (Davé et al. 1999)

e

WHIM 777

simulation of galaxies ; Obreschkow et al. 2009
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The M31 — M33 filament (Braun et al. 2004)

* extremely diffuse in
bridge region (same low
N, in GBT and WSRT)
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The bridge might be the first detection of the “cosmic web”/ WHIM in Hl emission



Environmental Iw

Zwaan et al.

effect? i

: 3 *:\ ‘ § 15 H| VO'd galaXKreckeI et al. 2010)

, : & degsﬂy field up to z=0.089

-2 *weak changes
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14/15 perturbed, interacting galaxies
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X [Mpc/h
trend of increase SFR and Halpha W, WSRT 12 hrs per source 36, 54, 72, 90 m spacing
one galaxy found with polar HI disk T it e
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Possible sign of hot mode accretion! B eres otal 2005
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Dashed line, B = 83.9 = 8.8 uG

-0.0010

z=3.39

Abell 963

z2=0.1644-0.224

Abell 2192 )

redshift

z = 0.24 Catinella 2008

z=0.53-1.12

839.25 83930 83935 &7
. .

Average observed flux density (uly)

10000 SDSS redshifts

Wolfe et al. 2008

false publication
even its in Nature !

0
gor ] NHI - ~1 8 1 O cm Kanekar et al. 2007
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ORT o
VLA »
H=liocenz:i€nve1ucity fkmfs}. relative to Lg‘i 3.38716 ®
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H Verheijen et al. 2007, 2010
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—1000 i} 1000
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f Chang et al. 2010
i ]
B Redshit Drstance [Npe] l
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stacking technique

Since measured signals are weak, we need independent redshift measurements of the
sources:

Step 1: Identify locations of galaxies with known redshifts in
data-cube

declination

RA

25



stacking technique

Since measured signals are weak, we need independent redshift measurements of the
sources:

Step 1: Identify locations of galaxies with known redshifts in
data-cube

declination

v Step 2: Extract spectra and shift to a common frequency/velocity

using known redshifts:
@123456.891911234516 ‘ 12345678.9111234516

26



stacking technique

Since measured signals are weak, we need independent redshift measurements of the
sources:

Step 1: Identify locations of galaxies with known redshifts in
data-cube

declination

v  Step 2: Extract spectra and shift to a common frequency/velocity

using known redshifts: MW

@123456.891911234516 ‘ 1

@123456789191123.516 ‘ BT T R B

Step 3: Co-add spectra and calculate weighted-

average spectrum: ... and estimate the average HI mass:
o e iy 236 (05 ) d (V)
M, (1+z)\miy\Mpc) \km/s
1 AEE 2R 5 |y

27



stacking technique

Using the known optical redshifts, shift spectra to a

common frequency/velocity: Statistical multi P lexin g
15000 . : 1 . ,
«Method 1: A Shifted spectra
-Shift spectra to 100001 1
common v "\
5000 |

o 4 ﬂ”' |l'f~"‘ /\)rm.,;. "‘”.l.'a ”‘H"}l'”‘IA‘H‘\‘AI"'.]!MI‘.AI M'!
I ’ h“"'”w “n | .‘u w ! ym il

T

5000

«Method 2:
«Shift spectra to 10000
common v

"\ Shifted & concatenated spectra ’
14 1
l |

.Concatenate 5000

with itself to ‘ | Il _ i\ ,‘ I !

cover full v- of | il I il LT T A '. .»|l|

range 1 ”' il i l)' ‘M.\"'!, Wi | - | \!wl
-5000 I ' il :

-100 -50 0 50 100
arb. channels

Method 3:
«Shift spectra to common v and concatenate with noise

28



stacking technique

The different shifting methods result in slightly Statistical multiplexing
different weighted average spectra:

. Weight by 1/RMS or 1/RMS? of each spectrum:

10000 | | | | . N Weighted ave..(shift+concat) |
—— Weighted ave. (shift only)
——— Weighted ave. (concat noise)

5000

-5000

-60 -40 -20 0 20 40 60
arb. channels

.However...
«In region of interest 3 methods very similar
-Gives handle on systematics

29



stacking experiments
Previous results

Stacking experiments at a range of redshifts have not
yet produced a statistically robust HI signal...

0.2 -IIIIIIIIIIIIIIIIIIIIIII-
N=142 (A) -
f I
I\ Signal ] « (2001) Chengalur et al.
=0 r i \ =
g [ [ .", i : « Telescope: ATCA
v L ": 'E ‘ : ‘ .
= oH LS s \ A . Target: Abell 3128
,'.: || 'l IJ‘ q.. ',' |' ll ! '.‘. A
P | AT . 2=0.06
A i i
e T . Control experiment:
Heliocentric Velocity (10° km/s) . . .
Y —— » Use spectra, but shift with randomised
[ Net4g ® | redshifts
I . Signal strength: 40
2 :F. / .
TR ;— "| [ |'| f | o | ii ",u. . ,""| d4
t ﬁ ": lll' || ‘l ‘ ves '| f f
(1 |
.k (! |
21 [ WIS | l

18 17 13 19 20
Heliocentric Velocity (10° km/s)
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stacking experiments
Previous results

Stacking experiments at a range of redshifts have not
yet produced a statistically robust HI signal...

W00 .
P 1 o (2007) Lah et al.
~ 50 1 Az I ' I'.'b ". il , ]
2 afwir ?H‘,i | i n e« Telescope: GMRT
= 0 L';':.,'.T.-I'A"‘,; .l.4.J..........E.‘....q.ﬁ.f.ll‘;.g. .E.. ........%‘i. I'.UJ'.".;. :..l I";d,...ll...'.lt"'" . . e
;WTEIRIT RN o Target: Field galaxies (Fujita Har-
S 5L ¢ 1V M : emitters)
o [ 5 B :
= [ i e 2=0.24
&-100 - .
2 20 | | -+« Control experiment:
SR C) =S S T . Simulated artificial galaxies with
I - random positions and redshifts,
O . Shifted and co-added
< -10 -
| | . Signal strength: 2.60
-20 - i é N
- L.l l | - — | l 1 i | [ | i | ] | S - — l LJ
—-1000 -500 0 500 1000

Restframe Velocity (kms™)
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stacking experiments

Previous results

Stacking experiments at a range of redshifts have not
yet produced a statistically robust HI signal...

(2007) Verheijen et al.
Telescope: WSRT

Target: Abell 963 & Abell 2192
z=0.206

Control experiment:

> Stack spectra from 8 spatially
offset positions (shifted to the
same velocity)

. Signal strength: not quoted

T

i 1l2 blue cluster" galaxies insilde 1 Mpc (A§63 only)

50

Average observed flux density (wdy)

Velocity offset (km/s)

32



Hlatz=1

local M,* galaxies dominate gas mass density

o
T T T
[

Ly

o —t
u

e g IV

8
log M

" [Z‘!Va

an 2008

Cosmos field

2hrs GMRT
112/342 sources
rms =74 uJy

!_1 19 redshifts: :
I 220 kms' 3.5 100 M,,, :
-3 channel limit 78 kms™": |
I 1.2100M .
1000 redshifts:
220 kms™' 1.5 1010 M,
3 channel limit 78 kms™":
5.2 10° M,

©000000000000000000000000000000000000000000000000000000

e0000ccc000cco 00 e
®e0cc0000c00000000

OLD: stacking test using 45 redshifts

Input Spectra
0.003

stacking experiments

0.002
0.001
0.000
—-0.001
—-0.002

flux (Jy)

~0%00 168500 169000 169500 170000 170500
Velocity (km/s)

Shifted Spectra
0.003

171500
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flux (Jy)

_0’092 00 -3000 —2000 -1000 0 1000 2000

Velocity (km/s)

0.00025
0.00020
0.00015
0.00010
0.00005
0.00000
—0.00005
—0.00010

flux (Jy)

(| |
/ \
—4000 -3000 -2000 -1000 1000 2000

o
Velocity (km/s)

4000

My, = (0.7 + 1.4) 10" M_,_

improved GMRT calibration scheme rms will drop by a factor of ~2-3

and using 119 redshift by factor of in total ~ 6-7
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get your hands dirty




get your hands dirty

LAB SUI'VEY search results http://www.astro.uni-bonn.de/~webaiub/english/tools_labsurvey.php

RA
Selected position: | 170 17M 08| —1° 47" 0" | 20.00° | 20.00° | 0.973-102! cm—2

Nearest position: |[17017M 08| —1° 47' 0" | 20.00° | 20.00° | 0.973-102! cm—2

Leiden/ArgentinesBonn Surwvey
S04 1 =20% b =20
[
= 40
ul}
[
3
=
]
[
g_ 30 A
£
W
+
)]
o 20
=
iy
=
=]
-—
[
] 10
O—WWMHMWM
T T T T T T T
-400 =300 -200 -100 ] 100 200 300 400

LSR radial welocity (km#/s]

You can » download the spectrum as an ASCII file with two columns separated by tabs (for Windows use WORDPAD).
The first column gives the radial velocity in the LSR frame in km/s. The second column contains the corresponding
brightness temperature in K.



get your hands dirty

‘000 HIPASS data release
|_ A | » | | + |=hltp:f,h.\.ﬂ.'\."w.r.altrn‘.c5im.au,I’resealrch,fmultiI:leam,frelealse,f v | { CL- Coogle
[T7 E2¥  HIPR Table o... Main Index SKA - Squar.. metre Array Python: pac...my.jplephem http:/femail.t-online.de; https://sam.._e.com/login BBC - Homepage »
Coordinate Search
Object Name:
nge0024 | r .
cunogue: ASS Public Data Release
(*) LEDA
() NED

Spectral line plot |

NGCD024
Coordinates:
RA: 0009566
Dec: -24 5743

Data Source

HIPASS
ZOA

Plot Options
x-axis:

o/

WVelocity (km/s)
Frequency (MHz) This is version 2.0 of the data release interface.
Feedback: please email hipass-at-atnf.csiro.au

Range
Low: -1281 Help: Introduction | Catalogs | Products | Browsers | Search | Plot | Download | HI Spectra | Acknowledging |
High: 12741 " :

Plot style:

http://www.atnf.csiro.au/research/multibeam/release/




get your hands more dirty

from a genius idea to a proposal
is it a new approach?
check literature:
- astro-ph http://xxx.lanl.gov/archive/astro-ph

- ADS http://adsabs.harvard.edu/abstract_service.html
- www-search engine

data archives:

- VLA, VLBA, GBT http://archive.cv.nrao.edu/
- GMRT http://ncra.tifr.res.in/~gmrtarchive/
- EVN http://archive.jive.nl

- ATNF http://atoa.atnf.csiro.au/

- MERLIN http://www.merlin.ac.uk/archive/



get your hands more dirty
observable?

- How strong is your source ? (Jy, mJy, wly, ndy) | wevn

- fﬁi"’“m?ﬂ;%
* Frequency range (< 300 MHz lonosphere I :
>15 - 20 GHz Troposphere) ; »
AT A
* HI at redshift 1 : v, = 1420.4/2 = 710.2 MHz wos v vars
* source position (ra,dec,l,b) i ,33 A X X A “

A A
http://nedwww.ipac.caltech.edu/forms/calculator.htmi ‘ —

» observable at the observatory

altitude(median) = 90° - |L - Dec]

L = latitude observatory
Dec = source declination




get your hands more dirty

I
1400 km =

band / velocity - N -

5 {m]y)
5 mjv)

* [ine width versus bandwidth

s 1 - - | |
1200 12500 13000 13500 144000

¢ redShift: Z = VObS / Vrestframe - 1 Vit (lem =3 v, tkms)

» velocity definition
V-3

V=pem—m—m—, Table 11-1. Velocity Rest Frames Derived from the Topocentric System
v 1+ e Rest Corrected Amplitude of
v p2 — 2 Frame for Correction, km s™?
bl ) Geocentric Earth rotation 0.5
e I-"i o+ e Earth-Moon Barycentric  Effect of the Moon on the Earth 0.013
0 Heliocentric Earth’s orbital motion 30
Veadin vy — Solar System Barycentric Effect of planets on the Sun 0.012
= . Local Standard of Rest Solar motion 20
O Mo Galactocentric Milky Way rotation 230
Ugptical g — Local Group Barycentric Milky Way motion ~100
= . Virgocentric Local Group motion ~300
[ & i Microwave Background Local Superclucster motion ~600

CAUTION need to get that right!  (westpfahi; Chapter 11, Synthesis Imaging in RADIO ASTRONOMY 1]



get your hands more dirty

sensitivity image / baseline
[Wrobel & Walker; Chapter 9, Synthesis Imaging in RADIO ASTRONOMY ]
System Equivalent SEFD = Tys K =(n.A)/(2ks)
. K A = Area
Flux DGﬂSlty equ. (9-5) K,= Boltzmann

n, = efficiency
1N, = losses in electronics

T, = integration time [s]
_ o Av = bandwidth [Hz]
Baseline sensitivity for ,,

oo AS: = L [ Tovsi Toysi (9-13)

one polarization U7\ 240 Tae K K;
or in terms of the SEF Ds defined in Equation 9-5:
1 [SEFD; SEFD; )

ASjj = m\/ YT (9-14)

Image sepsm.wty for AL = L SEFD | 0-23)
one polarization s VN (N =1) Av tin,

Divide by square root 2 for 2 polarization !



get your hands more dirty

Feasibility

anQUIar resolution =102 L/D [halve power beam width]

interferometer
e.g. 1.4 GHz ~ 21 cm; 10 km baselines: 1.02 0.21/10000 * 360/(2 pi) * 3600 = 4.4 arcsec

field of view [FoV] =122 NM/D
[Napier, Chapter 3, page 41]

minimum brightness temperature

21n2 Al
7 kg v? HEIPBW

, _ (9-27)

TI:I-,l'ni n —

VLBI needs strong sources emission on mas scales



get your hands more dirty

Feasibility - calibrators

calibrators:

4 absolute amplitude calibrator know
3C147, 3C48, 3C286 (~few percent polarized), 1934-638
phase-calibrator should be a point source !

HI Galactic calibrators S6, S7, S8
data base:

VLA - http://www.aoc.nrao.edu/~gtaylor/csource.html

NVSS - http://www.cv.nrao.edu/nvss/

VLBA - http://www.vlba.nrao.edu/astro/calib/index.shtml



get your hands more dirty

- What do you want to do
- Why is that of interest
- Do you have a backup if the signal is not detected

Proposal deadlines [no liability]

Effelsberg, EVN, VLBA

& VLBI 1st Februray, June and October

WSRT 15th September next March 2010
http://www.astron.nl/radio-observatory/pc-pages/wsrt-call-proposals/wsrt-call-proposals

VLA 1st and 1st October

GMRT 2 times a Year nttp://iwww.ncra.tifr.res.in/~yogesh/quickstartguide.html

MERLIN 15 th March & 15th September

ATNF 15 th June 15th December



proposal tools - online

http://proposal.mpifr-bonn.mpg

‘000 Welcome at JIVE
| <[ » || + @ nup://proposaljive.nt & | (Qr EVN propolas [5)
http:/ femail.t-online.de/ https://sam...e.com/login BBC - Homepage SKADSwiki ~Schlagzeilen. .Nachrichten »
e
http://proposal.jive.
\WelcomestorNorthStar
fo EVN
*
t‘ .Q
000 Welcome at Westerbork Synthesis Radio Telescope 8]
| «| » || + [@nups:s/proposal.astron.ni ¢ | (Qr Google
m http://email.t-onlinede/ https://sam...e.com/login  BBC - Homepage SKADSwiki Schlagzeilen...Nachrichten »

https://proposal.astron.nl

000 Welcome at MERLIN

.de

\ 4| > || + @nttp:/ jproposal.merin.ac.uk

& | [ Q merlin proposal

http:/ /emailt-onlinede/ httpsi//sam...e.com/login BBC - Homepage SKADSwiki ~Schiagzeilen. .Nachrichten

get your hands more dirty

https://my.nrao.edu

AO: Secure Login 8|
¢ | [Qr via proposal Q)
.com/login  BBC - SKADSwiki il Nachrichten »

| | » ||+ gl nups:/my.nrao.edus

htep://email.t-online.de/  hrtps://sam..

National Radio Astronomy Observatory

Forgot Password?

Download Firefox

| <[ » || +[@ hup:/ropal.amfcsiro.aus

hup://email.t-online.de/  https://sam....e.com/login  BBC - iki il ichten  Welcome to Google Mail »
csirRo

ATNF Online Proposal Applications & Links

[ Qr atnf proposal )

Home | The ATNF | News | Careers | What's On | Observers | Research | Technology | Computing | Contact | Intranet | Outreach
Parkes | Narrabri | Mopra | Tidbinbilla | VLBI | ASKAP

ATNF Online Proposal lications & Links

"The Nornstar appicaion has boen dovelonet

Register as new user

e Northstar appiGal on hes Deen Geveloped 1 ASTHON 23 Dart Of e EC-n0ed HeGONel proct.

Register as new user | | Password forgotten? | | Send Questions/Problems

http://proposal.merlin.ac.uk

Welcome to NosthStar for MEREIN

Help

Welcome to OPAL, the Australia Telescope National Facility online proposal system.

OPAL links OPAL Is being used for training from the the 29th of July 2009 to the 3rd of August 2008. All changes made to OPAL
database during this period will be discarded. Observation tables and proposal cover sheats can be created and edited as

usual.

The ATNF is not currently accepting telescope proposals. Please be aware that any proposals you construct are not

guaranteed to be valid for the next proposal round.

OPAL Users Guide
Cover sheet editor

Observations table

dit
ﬁpr_ﬂw To submit a proposal, you must have a registered OPAL account. a_—
Preview a proposal . _ T
Contact us OPAL proposals generally require three components: o
S

’ 1. A cover shest created with the cover sheet editor.
- 2. An observations table created with the observations table editor.
'L"B%' 3. A scientific justification in PDF format (<10 megabytes and not more
password than three pages in total — see the science case requirements) O e OPAL
created by any tool you wish to use. This is not required for Projects  pammmamems
that have centinuing project status.

See the full i ion on ATNF Telescope

In parficular please read the web information on the current status of the \’\ 0/

ATNF telescopes.
OPAL supports Firefox and Intemet Explorer. More about OPAL.

Home | Cantact Us | Internal | Legal Notice and Disclaimer | Privacy | Copyright




W

next proposal deadline is
1st October

are you ready ?



B Tools of Radio Astronomy

i Radio Astromomy

Synthesis Imaging in radio astronomy
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Interferometry and Synthesis
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