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Goals:

* Derive observation parameters from previous
observations or theoretical estimates

* Choose the right setup for your science goal
Topics:

» Continuum and line peak sensitivity

» Spectral resolution

« Spatial filtering and maximum recoverable size
 Dynamic range

ALMA Proposal preparation day - Bologna - 9 April 2015 3



Peak flux estimation

* You find unresolved single dish observations in the
literature, with a main beam brightness
temperature T, and beam size 6, —
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* What is the required sensitivity |
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0,,resolution ? | |

for ALMA observations at
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Peak flux estimation

* The source is smaller than the ALMA beam
(point source)

* Flux in Jy/beam independent of y .
the beam y : \\
« F=2kT,Q, /N \/ ® j
« Fu=Fy \\ //
N \ < y
e, T,
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Peak flux estimation

* The source is smaller than the ALMA beam
(point source)

* Flux in Jy/beam independent of y .
N N
the beam A tip: use the time // \
E SkT O / )\2 calculat?tr't(oteisily / \
o = conve o Jy |
SD SO =D A ) |
— \
« Fu=Fy \ /
4
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4 \ D > g
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Peak flux estimation

 The source is larger than the ALMA beam, with
size 6, and a uniform brightness temperature T

 Fluxin Jy/beam dependson©, , a7 "
e F,=2kT,Q /N //
_ |
* Fun = Fy(8,,/6) |
or \
FALMA_ 2KT QALMA/ A Y ) <
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I
In the time calculator:

A source is observed with a single dish with 6,,=10" and
has T,,= 1 K at 300 GHz

* Which is the sensitivity required for ALMA observations at

0, .,.=1" resolution ?
Point source: Extended uniform source
.FALMA=FSD= 2K TSD QSD/ N .FALMA=FSD (eALMA/ es)2
= 7.36 Jy/beam = 0.0736 Jy/beam

A factor 10,000 in exposure time !!
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Peak flux estimation

* Assumptions on the morphology of the emission
have a great impact on integration time!

=Fg
(0

- For point sources F, .,

., For extended sources F

)2
ALMA ALMA

* Choose your resolution wisely!
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Spatial filtering of large scales
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Maximum Recoverable Scale
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Maximum Recoverable Scale

Visibility for a Gaussian source

1 10 10
Baseline length [m]
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Maximum Recoverable Scale
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Maximum Recoverable Scale

ACA 12m SD ACA Tm

Visibility for a Gaussian source

1 10’ o 10
Baseline length [m]
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Maximum Recoverable Scale

In ALMA Technical Handbook : https://almascience.nrao.edu/documents-and-tools

Band 3 4 6 T 8 O 10
Frequency (GHz) | 100 150 230 345 460 650 870
Configuration
T-m fres (arcsec) 15.0 10.0 | 6.5 4.3 3.3 2.3 1.7
Or rs (arcsec) 428 | 286 | 186 | 124 |93 | 6.6 | 4.9
C36-1 fres (Arcsec) 3.4 2.3 1.5 1.0 0.7 0.5 0.4
fanr rs (arcsec) 25.3 16.9 | 11.0 | 7.3 5.5 3.9 2.9
C36-2 fres (arcsec) 1.8 1.2 0.8 0.5 0.4 0.3 0.2
Or rs (arcsec) 252 | 16.8 | 11.0 | 7.3 55 | 3.9 | 2.0
C36-3 Ores (arcsec) 1.2 0.8 0.5 0.4 0.3 0.2 0.1
Orr rs (arcsec) 25.2 16.8 | 109 | 7.3 5.5 3.9 2.9
C36-4 fres (arcsec) 0.7 0.5 0.3 0.2 0.15 | 0.1 0.08
tar rs (arcsec) 9.6 6.4 4.2 2.8 21 1.5 1.1
C36-5 fres (arcsec) 0.5 0.3 0.2 0.14 0.1 0.07 | 0.06
Oarrs (arcsec) 7.8 0.2 3.4 2.2 1.7 1.2 0.9
C36-6 fres (arcsec) 0.3 0.2 0.1 0.08 0.06 | 0.04 | 0.03
a1 rs (arcsec) 4.8 3.2 2.1 1.4 1.0 0.7 0.5
C36-7 fres (arcsec) 0.1 0.08 | 0.05 | 0.034 | - - -
a1 rs (arcsec) 1.5 1.0 0.65 | 0.43 = 25 G
C36-8 fres (arcsec) 0.075 | 0.05 | 0.03 | - = = =
frr rs (arcsec) 1.1 0.7 0.5 = = = =
ny _ 7
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Maximum recoverable scale

« Spatial filtering due to missing short-spacings of
the antennas

» Large scales are filtered out: missing flux!

« MRS ["] = 37200/(Bmin[m] v[GHZz])

« The ACA can be used to fill in short spacings
(The OT automatically warns you if needed)

 Choose your resolution carefully, huge
implications for observing time requested!
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Spectral line sensitivity

e Gaussian profile
» SN on the peak T svavaans |

Area(Jy-kms™) kb ] |
FWHM (kms™")- SN e

rms(Jy) =

o Pt IR
AU .
 Undefined profile B SR
T an s e
« SN on the area oF N T
T I T
_ = 5 e 1 o J
| Area(Jy-kms™) sof SO 3
rms(Jy) = 73 1 SN
N, -Av(kms ) SN o leeel ke rmd et b
-2 0 2 -2 0 2
km s ]
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Spectral resolution (line sampling)

] -0 a EL] A0 -3 22 a =] ag -4 E
Welaziy Welsaky Vi sty

* |f channel width < FWHM peak flux independent of
channel width

 Choose at least 3 resolution elements per FWHM
» Resolution depends on Science Goal, sensitivity
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Spectral resolution (sensitivity)

» Sensitivity depends on spectral resolution
* In OT spectral resolution > channel spacing !!
. Channel spacing < 2 x spectral resolution

 Av [Hz] =v [Hz] Av [m/s]/ ¢ [m/s]

T ;
. = 3172 Wm_“Hz_l
D*[n,N(N - 1)@&: J
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Spectral resolution

 Sample your line: at least 6 channels / line FWHM
» Sensitivity depends on spectral resolution
rms(Jy) o< 1/Av"”

* Choose the right resolution for your Science Goal!
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N
Imaging dynamic range

* Bright sources in the field of view introduce strong
sidelobes which affect the rms in the clean image

 |IDR= Max continuum flux / Continuum RMS

i

 ALMA guarantees: ‘
. IDR <100 for Bands <9

. IDR < 50 for Bands 9 and 10

* Higher IDR must be justified!
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Spectral dynamic range

* Uncertainties in bandpass calibration limit the
capability of detecting faint spectral features over a

strong continuum ,cont=1Jy

 SDR= Continuum Flux / Line RMS ¢ Peagty
« ALMA guarantees: [Bandpass
J|accuracy 10~

. SDR <1000 for Bands <9

. Cont = 500 Jy

. SDR < 500 for Bands 9 and 10

 Higher SDR must be justified! & WW
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An example:

 \We want:

e Continuum and CO 9-8 in the Cosmic Eyelash (z=2.3)
at@,,=0.2" I
* We start from : 2 .
« SMA 850um continuum at 6,,=0.2",
- PdBICO (3-2) at6,,=1" {

Flux (mJv)

~600 km/s _

el ] et [IF
'O - 500 1,000 1,500
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Look for the line at the right z

line

Picker
Cl 0cesa
[FXRS
| wzca
HER v = | HHE v=
L ytieyy= Huenu=n
DEH = oo™ wep
Lics L ylde g
I wre O e
il la
O om O rn
Ha .= | Hbis
SiDu=
e
1 oy=i b ko ool
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Look for the line at the right z

http://www.cv.nrao.edu/php/splat/

line R Picker
[FXRS
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Spectral setup

In the OT we select one baseband for CO 9-8 and three basebands for continuum

] Editors
A Spectra SEpectral Setup
Visualisation —
-
Inthe table below, sible to define up to 16 spectra Tl ¥ no mare than 1.
Each basebanc and can saparately co ii.e wicht b on
Mota that for ban Fand 8 itisnot possible to put 3 basebands in one sideband a a athar.
Leftirght click to zoocm injeut, grak sliding bar to pa
Mote: Mawing LC nere Is for experimentation only - actual setup determined by the windows
Observed Fraguenoy
)00 | 1 1 285400 1 | 290420 | 1 S 1 1 FLo4eo , 1 1 #5490 , L 1 220400 1 1
o7
r—
—_Eontinuam
agofon T T T oaojon T f "oooloo T ! "ozaloo 7 f Ttoaoloo 7T f Ttogoloo T U
Aest Freauency
Cwarlsys | Recewear Bands «| Transmissicn owerlay Unes [ DSE Imags Salect Lines to Overlay
Water Vapour Column Density: & Automatic Choice Manuwal Choice |0.81 3mm {(3rd Octila)
ewp ort: Fanta Line Zoom io Band esat
Spactral Typea
2| |—=
= Spectral Line
Spactral Type Singla Continuum
k Spectral Scan
Polarizstion products desired X DAL
Spectral Setup Ermars
Spectral Line
T |-
Basaband-]
rack Center spec Rep ta
fresmen ‘-E""(-‘_‘.‘:\l; e Transitio Bandwicth, Resolution (smocothad) 1'_"?;' e';?flill:;tl'e
LiFul 10 313.00000 GHz Tir LT 2000. 000 MHz{ 1796 km)s), 31.250 MHz(29.931 km/s)
Select Lines to Observe In B adal
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Spectral setup

' |Editors
_' Spectral | " Spectral Setup

P e T

=

Folarization products desired 00 W DUAL
Spectral S=tup Errors TDM

Spectral Line

==
Bas=band-1
Fracticn Cantar Fra Cantar Fragq - " ' . 5 Spac Reprasentativa
‘Rast) 4 (Skey) ransitior Bandwidth, Resalution {smoothad) .l.\'l..':-'l'._'l Window
Fully 1 D32,90000 GHE A13.00000 GHz cortinuLIm 2000000 MH 1726 kmfs), 31,250 MHE2(25,931 kmis) 1 o

Sglect Lines to Chsens |0 Baseband-1...

Basahand-2
1iFulll [1oz6.91239 GHz |314.21587 GHz [cowv=093 |2000.000 MHz{ 1785 ki), 31,250 MH(25.816 km/s) 1 -

Selact Lines to Chsarva In Baseband-2.., | | Add C 0(9 -8)

Basehand-3
1(Fully |23z 20000 GHz |201.00000 GHz |cortinuwm |2000.000 MHz{ 1857 kmfs), 31,250 MHz(2L.125 km/'s) 1 =

Selact Lines to Chsarve in Baseband-3.., | | Add

Basaband-4
1iFully |56, 60000 GHz |302.00000 GHz |zomti nuum |2000.000 MHz{ LE8S1 kmfs), 31.250 MHz(3L.022 kmfs) 1 o |

Selzct Lines to Chservs in Baseband-4... | | Add | Delats |
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Editors

- — e -
bpsctral Spectral Setup

Spectral setup

Spectral S=tup Errors

Spectral Line

Bassband-1
Fracticn Cantar Frag Cantar Frag
(Rest) (Shoy)
tFull 1 032,890000 GHz A13.00000 GHz

P e T

Folarization products desired 00 W DUAL

—

Line name

[ZUO0 000 FHEL L7 =6 kmfs), 31,250 M

A

Window

Basahand-2

10Fully [1oz6.91239 GHz |314.21587 GHz

[cowv=093

|z00C0.000 MHz( 1785 krvs), 31.250 MH2(25.816 km/s)

Sglact Lines to Dhsarva In Basaband-2.. |
Basehand-3
1(Fully |23z 20000 GHz |2 85T kmfs), 31,250 MHz(3L.125 kmfs) 1
Line redshifted frequency
Selact Lines to Chsarve in Baseband-3., \I\|\Auu
Basaband-4
1iFully |56, 60000 GHz |302.00000 GHz |zomti nuum |2000.000 MHz{ LE8S1 kmfs), 31.250 MHz(3L.022 kmfs) 1 1
Selzct Lines to Chserve in Baseband-4.. | | Add | Delats |
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N
Morphology

Ext =5 arcsec

e From SMA continuum:

e 5 components
e Total extent 5"

Arcsaconds

- FOV = 18" no mosaic
you can see itin the OT
« Maximum angular scale 1"

- MRS =2.8" no ACA
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Band 3 6 7 8 9 10
Frequency (GHz) 100 150 230 345 460 650 870
Configuration
T-m Ores (BTCSEC) 15.0 10.0 | 6.5 4.3 5 23 1.7
O rs (arcsec) 428 | 286 | 186|124 |93 |66 | 4.9
C36-1 Ores (arcsec) 3.4 2.3 1.5 1.0 0.7 0.5 0.4
fr Rs (arcsec) 25.3 16.9 11.0 | 7.3 2.0 3.9 2.9
C36-2 0, (arcsec) 1.8 1.2 0.8 0.5 0.4 0.3 0.2
far s (arcsec) 25.2 16.8 | 11.0 | 7.3 5.9 3.9 2.9
C36-3 Pres (arcsec) 1.2 0.8 0.5 0.4 0.3 0.2 0.1
far s (arcsec) 25.2 16.8 | 10.9 | 7.3 5.9 3.9 2.9
C36-4 fres (arcsee) 0.7 0.5 i 0.2 0.15 | 0.1 0.08
farrs (arcsec) 9.6 6.4 4.2 2.8 2.1 1.5 1.1
C36-5 fres (arcsec) 0.5 0.3 0.2 U.14 0.1 0.07 | 0.06
Oy rs (arcsec) 7.8 0.2 3.4 2.2 1.F 1.2 0.9
C36-6 Ores (arcsec) 0.3 0.2 0.1 0.08 0.06 | 0.04 | 0.03
far rs (arcsec) 4.8 3.2 2.1 1.4 1.0 0.7 0.5
C36-7 Ores (arcsec) 0.1 0.08 | 0.05 | 0.034 | - - =
farrs (arcsec) 1.5 1.0 0.65 | 0.43 2 2 2
C36-8 Ores (aTcsec) 0.075 | 0.05 | 0.03 | - = = =
Barrs (arcsec) 1:1 0.7 0.5 = = = =

In ALMA Technical Handbook : https://almascience.nrao.edu/documents-and-tools
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Spectral information

e« FWHM =600 km/s

haow

sk - . We need Av<100 km/s
3 155 : e Channel spacing 30 km/s OK!
é 10;_ ~600 km/s_g

L 1« Fieo@2y=13.8 Jy km/s

U:” H' i f._.*TTTT_.F.*F"lj{J.-I]f.E‘J;ﬂﬂ:”:

B0 N0 0 0 &0 100 150 © Fpeak[CO(3-2)]=F[CO(3-2)]/FWHM=23 mJy

Velocity (km s7)

In one beam of 1"
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I
Sensitivity calculation (CO, Case 1)

For CO 9-8 we assume:

- Distributed in N=5 components of D_=0.8"<0, ,,,=0.2"

ALMA

e Fico(e-8)=F[co(3-2)/2.5
. :WHM[co 9-8))=FWHMIco-2)]
o F oalcO@-8N=F  1c0(3-2)/2.5=9.2 mJy

pea

\We want a SN=20

rms=(F [CO(9-8 ]/N) x R,/ SN=0.006 mJy
where R =(6

ALMA )2
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Sensitivity calculation (CO, Case 2)

* For CO 9-8 we assume:
* The source is unresolved for PdBI but resolved by ALMA
with size D_=6_
. Fpeak[CO(9-8)]=9.2 mdy

« We want a SN=20

rm8=Fpeak[CO(9-8)] x R,/ SN=0.02 mJy
where R, =(8, ,,./D,5)

ALMA
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R
Sensitivity calculation (CO, Case 3)

e For CO 9-8 we assume:

 The source will be unresolved in the ALMA beam
. Fpeak[CO(9-8)]=9.2 mdy

e We want a SN=20

rm8=Fpeak[CO(9-8)]/ SN=0.46 mJy
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Common Parameters

Dec -01:00:00.000)|

Polarization Dual -
Observing Frequency 315.0 GHz -
Bandwidth per Polarization [100.0 km/s -

Water Vapour
Column Density

® Automatic Choice 0 Manual Choice

0.913mm (3rd Octile)

tau/Tsky taud=0139, Tsky=34.977
Tsys 148,413 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas |25 [[10 |[2 |

Resolution

0.2 arcsec |w| 6,543559075524949

19.63067722657485

Sensitivity (rms) 6.0 |uy  |+||o.00000 |uly |+||0.00000 luly |~
(equivalent to) 0.00185 K w | 0.00000 K w | 0.00000 K -
Integration Time |53.53292 |d - |I|'|finit'}f |d - |I|'|finit'}f |d -
12m Array
Number of Antennas |25 |
Resolution 0.2 arcsec | v '
Sensitivity (rms) 20.0 uj - C 2 4 D
y y asSe £ , ays !
(equivalent to) 0.00616 K -
Integration Time 481796  |d -
12m Array
Number of Antennas |36 |
Resolution 0.2 arcsec | w
Sensitivity {rms) 500.0 uly - C 3 1 1 m ' t
(equivalent to) 0.15403 K - ase I I n u eS
Integration Time 11.10059 |min -
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Case 1, 53 Days !




I
Sensitivity calculation (Continuum)

e For the continuum

« The faintest source has F.=1 mJy

Ext =5 arcsec

« Fora SN of 6 we need 0.17 mJdy rms

» For Case 3 we have 11 minutes 2
on source
 The bandwidth to calculate the

Arcseconds

SN is the aggregated bandwidth
of the 3 continuum subbands
BW=3x2 GHz = 6 GHz =
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What does the time estimator say?

Common Parameters

Dec -01:00:00,000
Polarization Dual -
Observing Frequency 315.0 GHz -
Bandwidth per Polarization 5.0 GHz -
Water Vapour ® Automatic Choice ) Manual Choice
Column Density 0.913mm (3rd Octile)
tau/Tsky tau0d=0.139, Tsky=34.977
Tsys 148,413 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas |35 |10 | |2 |
Resolution 0.2 arcsec |w | 6.543559075524940  19.630567722657485
Sensitivity (rms) 6616666 |uly  |w|(0.00000  [uly |+||[0.00000  |uly |~
(equivalent to) 0.02038 K w | 0.00000 K w | 000000 K -
Integration Time 11.0 min - |I|‘|fi|‘|ity |d - |I|‘|fi|‘|it'y |d -
Integration Time Unit Option |Automatic -
Sensitivity Unit Option |[Automatic -
Calculate Integration Time Calculate Sensitivity

After 11 minutes on source we get an rms of 0.07 mJy = SNR of 14!
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-
Dynamic range

* Imaging
IDR=Max continuum / Continuum rms
=6 mdy/0.07 mdy =85 <100 OK
e Spectral
SDR= Max continuum / line RMS
=6omdy/0.5mdy = 12 <1000 OK
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e
Good luck !
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