


- [P ALMA sensitivity: theoretical background

ALMA ALMAReglondI(,enlre Germany

The power received by an antenna from a source is given by :

src  Tsre where I, isin erg s' Hz'cm2sr!, dA isthe
Py T [y dA df) collecting area of the antenna and df? its solid angle
2 k'l
Y2 T dA dO in the Rayleigh-Jeans approximation

Unfortunately, the antenna received also other signal (contamination), so:

dA df)
)\2

PytOt =2k (Tsrc T Tsys)

where Tsys ~ Tsky + TRX + Namb Tamb and Tsys > Tsrc
/ ’\ N

CMB and galactic foreground _ .
atmospheric emission (Water Vapour) Receiver temp. Ambient temp. (earth emission)

The signal and thus the noise received by the antenna is dominated by Tsys
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ALMA sensitivity: theoretical background

ALMA Regional Centre || Germany

The noise affecting our signal is thus given by :

Tsys
o
\/Nsampling
e . )
For an interferometer :
2
SN QkTSYS [Jy] o = (0NN )\ [K]
Aeff \/n(n — 1) X AU X 77p01 X tint ) dearray
\_ J
where : Aeff is the effective collecting area
n(n — 1) IS the number of baseline and Vn the number of antenna
Av is the bandwidth
Tlpol = 1 for single polarisation and 2 for dual polarisation
tint IS the integration time
)\2
df Larray is the synthesized beam, i.e. d{2array ~ 1.14§
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ALMA sensitivity: source properties

\\-\' EUROPEAN ARC
AL ALMA Reglonal Centre || Germany

We want :
Suc[Jy] > (3 = 5) o Tol[K] > (3—5)0

where Tg.[K] and Sg.|Jy] are the mean brightness temperature and the flux
density of your source within the ALMA synthesised beam, i.e., d{2,; 4y

(for line observations, it usually refers to the peak of the line emission)

Source ALMA Beam
Tstr%t[K] S;?ct [JY] dQSI’C anrray

Tsrc [K] — Tstr%t [K]

R

Ssrc [JY] — S;(r)ct [JY]
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\\-\' EUROPEAN ARC
AL ALMA Reglonal Centre || Germany

ALMA sensitivity: source properties

We want :
Suc[Jy] > (3 = 5) o Tuo[K] > (3 —5) o7

where Tg.[K] and Sg.|Jy] are the mean brightness temperature and the flux
density of your source within the ALMA synthesised beam, i.e., d{2,; 4y

(for line observation, they usually refer to the peak of the line)

Source ALMA Beam
Tstr%t[K] S;?ct [JY] derc anrray

Ttot [K]

I'C - Sre

O SI'C Jy anrray StOt [JY]

SIC
dQSI‘C
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The ALMA sensitivity calculator

\\-\' EUROPEAN ARC
AL ALMA Reglonal Centre || Germany

You ASC
SsrelJy| <y o ¢ [y < ————— i sing T 12)k><TZyZ — Jy]

4+ Two versions of ALMA Sensitivity Calculator (ASC): integrated into the
ALMA OT and stand-alone, available online at the ALMA Science Portal
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The ALMA sensitivity calculator

® 0 Sensitivity Calculator
Common Parameters
Dec 00:00:00.000| |
Polarization Dual v
Observing Frequency 345.00000 GCHz v
Bandwidth per Polarization 7.50000 GHz v
Water Vapour @ Automatic Choice ) Manual Choice
Column Density 0.913mm (3rd Octile)
Trx, tau, Tsky 75 K, 0.158, 39.538K
Tsys 157.027 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas 43 |10 | (3
Resolution 0.00000 arcsec | v | 0.00000 arcsec v, 16.9 arcsec
Sensitivity (rms) 0.00000 uly w 0.00000 uly v 0.00000 uly
(equivalent to) Unknown ‘K w | Unknown K w 0.00000 K
Integration Time 60.00000 s v | 60.00000 s w | 60.00000 S

Integration Time Unit Option Automatic

Sensitivity Unit Option Automatic

Calculate Integration Time Calculate Sensitivity Close

l

Inputs :

NAC)JS
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The ALMA sensitivity calculator

Common Parameters
ﬂ Dec

Polarization

Observing Frequency

Sensitivity Calculator
00:00:00.000| |
Dual v
345.00000 GHz v
GHz v

Bandwidth per Polarization 7.50000

Water Vapour

Column Density

Trx, tau, Tsky

(® Automatic Choice ) Manual Choice

0.913mm (3rd Octile)
75 K, 0.158, 39.538 K

Tsys 157.027 K
Individual Parameters
12m Array 7m Array Total Power Array

Number of Antennas 43 |10 [ (3
Resolution 0.00000 arcsec v, 0.00000 arcsec | v| 16.9 arcsec
Sensitivity (rms) 0.00000 uly w 0.00000 uly v 0.00000 uly

(equivalent to) Unknown K w | Unknown K w 0.00000 K
Integration Time 60.00000 S v 60.00000 S v 60.00000 S

L

Calculate Integration Time

Integration Time Unit Option Automatic

Sensitivity Unit Option Automatic

Calculate Sensitivity

Close

Inputs :
e Declination

—> to evaluate the atmospheric
transmission and Tsky

NAC)JS

National Astronomical
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The ALMA sensitivity calculator

Inputs :

® 0 Sensitivity Calculator e Declination

Common Parameters

Dec 00:00:00.000 : :
' | e Polarisation
Polarization Dual v
Observing Frequency 345.00000 GHz v
Bandwidth per Polarization 7.50000 GHz v — > to evaluate npol
Water Vapour @ Automatic Choice () Manual Choice
Column Density 0.913mm (3rd Octile)
Trx, tau, Tsky 75 K, 0.158, 39.538 K
Tsys 157.027 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas 43 |10 [ (3 |
Resolution 0.00000 arcsec v, 0.00000 arcsec | v| 16.9 arcsec
Sensitivity (rms) 0.00000 uly w 0.00000 uly v 0.00000 uly v
(equivalent to) Unknown K w | Unknown K w 0.00000 K v
Integration Time 60.00000 S v 60.00000 S v 60.00000 S v
Integration Time Unit Option Automatic v
Sensitivity Unit Option Automatic v
1 Calculate Integration Time Calculate Sensitivity Close
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The ALMA sensitivity calculator

00 Sensitivity Calculator
Common Parameters
Dec 00:00:00.000)
Polarization Dual v
- Observing Frequency 345.00000 GHz v
Bandwidth per Polarization 7.50000 ‘GHz v

Water Vapour
Column Density

Trx, tau, Tsky

(@ Automatic Choice ) Manual Choice
0.913mm (3rd Octile)

75 K, 0.158, 39.538 K

Tsys 157.027 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas 43 | 10 [ (3
Resolution 0.00000 arcsec | v | 0.00000 arcsec | v | 16.9 arcsec
Sensitivity (rms) 0.00000 uly w | 0.00000 'u,ly w | 0.00000 uly v
(equivalent to) Unknown K w | Unknown K w 0.00000 K v
Integration Time  60.00000 | v| 60.00000 s v| 60.00000 s v
Integration Time Unit Option Automatic v]
Sensitivity Unit Option 'Automatic ']

Calculate Integration Time

Calculate Sensitivity

Close

Inputs :
e Declination

e Polarisation

e Observing Frequency

—> to evaluate the atmospheric
transmission and Tsky

NAC)JS
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The ALMA sensitivity calculator

0 Sensitivity Calculator
Common Parameters
Dec 00:00:00.000)
Polarization 'Dual v
Observing Frequency 345.00000 GCHz v
Bandwidth per Polarization 7.50000 'GHz v

Water Vapour
Column Density

Trx, tau, Tsky
Tsys

Individual Parameters

(® Automatic Choice ) Manual Choice

0.913mm (3rd Octile)
75 K, 0.158, 39.538 K
157.027 K

12m Array 7m Array Total Power Array
Number of Antennas 43 _ | 10 _ [ 3

Resolution 0.00000 arcsec | v, 0.00000 arcsec v, 16.9 arcsec
Sensitivity (rms) 0.00000 uly w | 0.00000 uly w | 0.00000 | uly v
(equivalent to) Unknown K w | Unknown K w | 0.00000 K v
Integration Time 60.00000 S v 60.00000 S v 60.00000 Is v
Integration Time Unit Option 'Automatic v]
Sensitivity Unit Option 'Automatic v]

Calculate Integration Time

Calculate Sensitivity

Close

Inputs :

® Declination
e Polarisation
e Observing Frequency
e Bandwidth

—> 7.5GHz for continuum obs.

—> width of the resolution
element desired for line obs.,
usually Av > FWHMiine / 4

NAC)JS
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The ALMA sensitivity calculator

=

@® Sensitivity Calculator
Common Parameters
Dec 00:00:00.000)
Polarization 'Dual v
Observing Frequency 345.00000 GCHz v
Bandwidth per Polarization 7.50000 'GHz v

Water Vapour
Column Density
Trx, tau, Tsky

Tsys

Individual Parameters

(® Automatic Choice ) Manual Choice

0.913mm (3rd Octile)
75 K, 0.158, 39.538 K
157.027 K

12m Array 7m Array Total Power Array
Number of Antennas 43 _ | 10 _ [ 3

Resolution 0.00000 arcsec | v, 0.00000 arcsec v, 16.9 arcsec
Sensitivity (rms) 0.00000 uly w | 0.00000 uly w | 0.00000 | uly v
(equivalent to) Unknown K w | Unknown K w | 0.00000 K v
Integration Time 60.00000 S v 60.00000 S v 60.00000 Is v
Integration Time Unit Option 'Automatic v]
Sensitivity Unit Option 'Automatic v]

Calculate Integration Time

Calculate Sensitivity

Close

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

e Nb. Antenna

—> You should most likely
keep the default values

NAC)JS

National Astronomical
Observatory of Japan
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The ALMA sensitivity calculator

Common Parameters
Dec
Polarization

Sensitivity Calculator

Observing Frequency

Bandwidth per Polarization

Water Vapour
Column Density

Trx, tau, Tsky

Tsys

Individual Parameters

Number of Antennas
Resolution

Sensitivity (rms)
(equivalent to)

Integration Time

00:00:00.000]|

Dual v
345.00000 GHz v
7.50000 GHz -

(® Automatic Choice ) Manual Choice

0.913mm (3rd Octile)
75 K, 0.158, 39.538 K
157.027 K

12m Array 7m Array Total Power Array

43 |10 B E

0.00000 arcsec v, 0.00000 arcsec | v| 16.9 arcsec

0.00000 uly w | 0.00000 uly w | 0.00000 uly v

Unknown K ¥ | Unknown \K w | 0.00000 K v

60.00000 s w | 60.00000 s v 60.00000 IE v
Integration Time Unit Option Automatic v]

Sensitivity Unit Option 'Automatic v]

Calculate Integration Time

|

Calculate Sensitivity

Close

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

* Nb. Antenna

e Angular resolution

NAC)JS

National Astronomical
Observatory of Japan
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The ALMA sensitivity calculator

0 Sensitivity Calculator
Common Parameters
Dec 00:00:00.000)
Polarization 'Dual v
Observing Frequency 345.00000 GCHz v
Bandwidth per Polarization 7.50000 'GHz v

Water Vapour
Column Density

Trx, tau, Tsky
Tsys

Individual Parameters

(® Automatic Choice ) Manual Choice

0.913mm (3rd Octile)
75 K, 0.158, 39.538 K
157.027 K

Calculate Integration Time

Calculate Sensitivity

12m Array 7m Array Total Power Array
Number of Antennas 43 _ | 10 _ [ 3

Resolution 0.00000 arcsec | v, 0.00000 arcsec v, 16.9 arcsec
* Sensitivity (rms) 0.00000 uly w | 0.00000 uly w | 0.00000 uly v
(equivalent to) Unknown K w | Unknown K w | 0.00000 K v
Integration Time 60.00000 S v 60.00000 S v 60.00000 Is v
Integration Time Unit Option 'Automatic v]
Sensitivity Unit Option 'Automatic v]

Close

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

* Nb. Antenna

e Angular resolution

e Sensitivity

—> OT [K] or 05 [Jy]

NAC)JS

National Astronomical
Observatory of Japan
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The ALMA sensitivity calculator

Common Parameters

Polarization

Water Vapour
Column Density

Trx, tau, Tsky

Individual Parameters

Number of Antennas 43

Sensitivity Calculator

Observing Frequency

Bandwidth per Polarization

-20:00:00.000
iDuaI v
345.00000 GHz -
7.50000 GHz -

(® Automatic Choice ) Manual Choice

1.262mm (4th Octile)
75 K, 0.211, 47.972 K

Resolution

* Sensitivity (rms)

(equivalent to)

Integration Time

173.861K
12m Array 7m Array Total Power Array
| 10 |3
-arcsec v 0.00000 —arcsec v 16.9 arcsec
100.00000 uly w | 0.00000 ‘ujy w | 0.00000 uly
0.00103 K |w| Unknown K  |w|0.00000 K
4.79028 min w | Infinity d w | Infinity

Integration Time Unit Option Automatic

Sensitivity Unit Option Automatic

Calculate Sensitivity Close

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

* Nb. Antenna

e Angular resolution

e Sensitivity

—> OT [K] or Og [Jy]

NAC)JS

National Astronomical
Observatory of Japan
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The ALMA sensitivity calculator

Common Parameters
Dec
Polarization

Sensitivity Calculator

Observing Frequency

Bandwidth per Polarization

Water Vapour
Column Density

Trx, tau, Tsky

-20:00:00.000
'Dual v
345.00000 GHz -
7.50000 GHz -

(® Automatic Choice ) Manual Choice

1.262mm (4th Octile)
75 K, 0.211, 47.972 K

Tsys 173.861 K

Individual Parameters

12m Array 7m Array Total Power Array
Number of Antennas 43 | | 10 ‘ | 3
Resolution 1.0 arcsec | v, 0.00000 arcsec v, 16.9 arcsec
Sensitivity (rms) 100.00000 uly w | 0.00000 uly w | 0.00000 uly
(equivalent to) 0.00103 K w | Unknown K w | 0.00000 K

* Integration Time 4.79028 min | w | Infinity w | Infinity

Integration Time Unit Option Automatic

Sensitivity Unit Option Automatic

Calculate Sensitivity

Close

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

* Nb. Antenna

e Angular resolution

e Sensitivity

Outputs
e On-source

Integration time

NAC)JS

National Astronomical
Observatory of Japan
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The ALMA sensitivity calculator

Common Parameters
Dec
Polarization

|

Water Vapour
Column Density

Trx, tau, Tsky

Sensitivity Calculator

Observing Frequency

Bandwidth per Polarization

-20:00:00.000

Dual v
345.00000 GHz -
7.50000 GHz -

(® Automatic Choice ) Manual Choice

1.262mm (4th Octile)
75 K, 0.211, 47.972 K

Calculate Integration Time

Calculate Sensitivity

Tsys 173.861 K
Individual Parameters
12m Array 7m Array Total Power Array
Number of Antennas 43 | 10 [ 3
Resolution 1.0 arcsec |+ 0.00000 arcsec | 16.9 arcsec
Sensitivity (rms) 28.25562 uly w 0.00000 ‘ujy v 0.00000 uly v
(equivalentto)  0.00029 K |w|Unknown K || 0.00000 K |w
* Integration Time 60.0 min w | Infinity d w | [Infinity v
Integration Time Unit Option Automatic v]
Sensitivity Unit Option 'Automatic v]

Close

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

* Nb. Antenna

e Angular resolution

e On-source tint

NAC)JS

National Astronomical
Observatory of Japan
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The ALMA sensitivity calculator

® 0 Se
Common Parameters
Dec
Polarization

Observing Frequency
Bandwidth per Polarizatio

Water Vapour
Column Density

Trx, tau, Tsky

nsitivity Calculator
-20:00:00.000
Dual v
345.00000 GHz v
n 7.50000 GHz v

(® Automatic Choice ) Manual Choice

1.262mm (4th Octile)
75 K, 0.211, 47.972 K

Tsys 173.861 K
Individual Parameters
12m Array 7m Array Total Power Array

Number of Antennas 43 _ | 10 _ |13
Resolution 1.0 arcsec | v, 0.00000 arcsec v, 16.9 arcsec
Sensitivity (rms) 28.25562 uly w | 0.00000 uly w | 0.00000 uly

(equivalent to) 0.00029 K w | Unknown K w | 0.00000 K
Integration Time 60.0 min w | Infinity d w | [Infinity

Calculate Integration Time

Integration Time Unit Option Automatic

Sensitivity Unit Option Automatic

Inputs :
e Declination

e Polarisation

e Observing Frequency
e Bandwidth

e \Water Vapour

* Nb. Antenna

e Angular resolution

e On-source tint

Outputs :

e Sensitivity

NAC)JS

National Astronomical
Observatory of Japan
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Conclusive Remarks

N EUROPEAN ARC
AL ALMA Reglonal Centre || Germany

* The ALMA sensitivity calculator is an nice tool to rapidly evaluate the
feasibility of a project

* WARNING : the ALMA sensitivity calculator outputs ON-SOURCE
integration time. You have to factor in overhead (i.e. create a full
project in the ALMA OT)
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- [ ALMA sensitivity: theoretical background

AN ALMA Reglo nal Centre || Germany

2k Ty

~ J
0 Ag \/n(n — 1) X Av X 1ol y]

Effect of increasing the integration time

96 98 100 1 02 104
Sky Frequency [GHz]
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ALMA sensitivity: theoretical background

ALMA Regional Centre || Germany

2k Ty

Aegt n(n — 1) Npol X Ling iy

Effect of increasing the bandwidth

og ~

h o= 62.64 mJ 1
0.2 8= 20.04 MH2 4 02 B= 100.20 MHz {
Integration time:5 s ; Integrotion time;5 s
| P T e S Sy ‘ ool . . . ... . . ... .
96 98 100 102 104 96 98 100 102 104
Sky Frequency [GHz] Sky Frequency [GHz]
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ALMA sensitivity: theoretical background

\\-\' EUROPEAN ARC
AL ALMA Reglonal Centre || Germany

2k Ty

~ ~ - J

Effect of increasing the number of antenna

N (&)

- :, 4 y

-
M.‘r‘ot-oﬂ%-rf-o Ss
gn}lnws - B

98 98 100 102 104
Sky Frequency [GHz)
10

o= 1264 mJy
.t " 10 W02 e

Sy Pregueacy [Om)

*

2 NAC)
+
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