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Goals:
● Derive observation parameters from previous 

observations or theoretical estimates
● Choose the right setup for your science goal

● Continuum and line peak sensitivity
● Spectral resolution
● Spatial filtering and maximum recoverable size
● Dynamic range

Topics:
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Peak flux estimation
● You find unresolved single dish observations in the 

literature, with a main beam brightness 
temperature T

SD
 and beam size θ

SD

● What is the required sensitivity

for ALMA observations at

θ
ALMA 

resolution ?

θ
SD

θ
ALMA
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Peak flux estimation
● The source is smaller than the ALMA beam 

(point source)
● Flux in Jy/beam independent of 

the beam

● F
SD
= 2 k T

SD
 Ω

SD 
/ λ2 

● F
ALMA

 = F
SD 

θ
SD

θ
ALMA
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Peak flux estimation
● The source is smaller than the ALMA beam 

(point source)
● Flux in Jy/beam independent of 

the beam

● F
SD
= 2 k T

SD
 Ω

SD 
/ λ2 

● F
ALMA

 = F
SD 

θ
SD

θ
ALMA

A tip: use the time
 calculator to easily

 convert K to Jy
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Peak flux estimation
● The source is larger than the ALMA beam, with 

size θ
S
 and a uniform brightness temperature T

s
 

● Flux in Jy/beam depends on θ
ALMA

 

● F
SD
= 2 k T

SD
 Ω

SD 
/ λ2

● F
ALMA

 = F
SD  

(θ
ALMA

/θ
S
)2

or 

F
ALMA

= 2 k T
s
 Ω

ALMA 
/ λ2   

θ
SD

θ
ALMA
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In the time calculator:

● A source is observed with a single dish with θ
SD

=10” and 
has T

SD
= 1 K at 300 GHz

● Which is the sensitivity required for ALMA observations at 
θ

ALMA
=1” resolution ?

Point source:

●F
ALMA

=F
SD

= 2 k T
SD

 Ω
SD 

/ λ2 

  = 7.36 Jy/beam

Extended uniform source

●F
ALMA

=F
SD  

(θ
ALMA

/θ
S
)2 

               = 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!

● For point sources F
ALMA

 = F
SD 

● For extended sources F
ALMA 
/(θ

ALMA
)2

● Choose your resolution wisely!
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Spatial filtering of large scales

u

v

u

v
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Maximum Recoverable Scale
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Maximum Recoverable Scale
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Maximum Recoverable Scale

MRS [''] = 37200/(Bmin[m] υ[GHz])

In ALMA Technical Handbook : https://almascience.nrao.edu/documents-and-tools
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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] υ[GHz])
● 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
● Gaussian profile

● SN on the peak

● Undefined profile
● SN on the area
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Spectral resolution (line sampling)

● If 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

● Δυ [Hz] =υ [Hz] Δv [m/s] / c [m/s]
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Spectral resolution
● Sample your line: at least 6 channels / line FWHM
● Sensitivity depends on spectral resolution

rms(Jy) /   1/Δv1/2

● Choose the right resolution for your Science Goal!



ALMA Proposal preparation day - Bologna - 9 April 2015 22

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
● 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

●  SDR= Continuum Flux / Line RMS
● ALMA guarantees:

● SDR ·   1000 for Bands < 9

●  SDR ·   500 for Bands 9 and 10

● Higher SDR must be justified!

Peak = 1 Jy

Bandpass 
accuracy 10-3

Cont = 1 Jy

Cont = 500 Jy
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An example:
● We want:

● Continuum and CO 9-8 in the Cosmic Eyelash (z=2.3) 
at θ

ALMA
=0.2'' 

● We start from : 
● SMA 850μm continuum at θ

SMA
=0.2''

● PdBI CO (3-2) at θ
PdBI

=1''
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Look for the line at the right z
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Look for the line at the right z

z=2.3
CO 9-8 in Band 7
Redshifted frequency: 314.216 GHz 
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Spectral setup
In the OT we select one baseband for CO 9-8 and three basebands for continuum  
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Spectral setup
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Spectral setup

Channel width 30 km/sLine name

Line redshifted frequency
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Morphology

● From SMA continuum:

● 5 components
● Total extent 5'' 

– FOV = 18'' no mosaic

you can see it in the OT
● Maximum angular scale 1''

– MRS = 2.8'' no ACA
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In ALMA Technical Handbook : https://almascience.nrao.edu/documents-and-tools
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Spectral information

● FWHM = 600 km/s

● We need Δv·100 km/s

● Channel spacing 30 km/s OK!

● F[CO(3-2)]=13.8 Jy km/s

● F
peak

[CO(3-2)]=F[CO(3-2)]/FWHM=23 mJy

in one beam of 1''
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Sensitivity calculation (CO, Case 1)
● For CO 9-8 we assume:

● Distributed in N=5 components of D
cc

=0.8''<θ
ALMA

=0.2''
● F[CO(9-8)]=F[CO(3-2)]/2.5
● FWHM[CO(9-8)]=FWHM[CO(3-2)]

● F
peak

[CO(9-8)]=F
peak

[CO(3-2)]/2.5=9.2 mJy
● We want a SN=20

rms=(F
peak

[CO(9-8)]/N) x R
N 

/ SN=0.006 mJy

where R
N
=(θ

ALMA
/D

cc
)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
cc

=θ
PdBI

● F
peak

[CO(9-8)]=9.2 mJy

● We want a SN=20

rms=F
peak

[CO(9-8)] x R
1
 / SN=0.02 mJy

where R
1
 =(θ

ALMA
/D

PdBI
)2 
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Sensitivity calculation (CO, Case 3)
● For CO 9-8 we assume:

● The source will be unresolved in the ALMA beam

● F
peak

[CO(9-8)]=9.2 mJy

● We want a SN=20

rms=F
peak

[CO(9-8)]
 
/ SN=0.46 mJy
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What does the time estimator say?

Case 1 , 53 Days !

Case 2 , 4 Days !

Case 3 , 11 minutes



ALMA Proposal preparation day - Bologna - 9 April 2015 37

Sensitivity calculation (Continuum)
● For the continuum

● The faintest source has F
C
=1 mJy

● For a SN of 6 we need 0.17 mJy rms

● For Case 3 we have 11 minutes 

on source

● The bandwidth to calculate the 

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?

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 mJy / 0.07 mJy = 85 < 100 OK
● Spectral

SDR= Max continuum / line RMS

        = 6 mJy / 0.5 mJy =  12 < 1000 OK 
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Good luck !
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