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Before we start …

Check lists: To achieve the Science Goal,

 Is the target best? 

 nearest, brightest, first

 Is the largest beam size? 

 Is the shortest integration time?

 Is the band best?

Optically thin, efficient spectral setup,,



ALMA Sensitivity calculator / Observing Tool



Integration time table for CO with rms of 1 K

CO 

transition

Freq. 

(GHz)

ALMA 

Band

RMS (mJy) @0.3” 

w/ 1K 

Integration time 

(0.1km/s)

ALMA 

configuration

1-0 115.271 3 0.98 3.7d/ 2.68 d/ 9.2 d C-7 (0.092 km/s)

2-1 230.538 6 3.9 1.47h/1.13h/3.59 h C-5 ( 0.092 km/s)

3-2 345.796 7 8.8 31.5m/23.7m/ 1.36h C-5 (0.122 km/s)

4-3 461.041 8 15.6 76.9 min/55.4m/2.75h C-4 (0.092km/s)

5-4 576.267 X

6-5 691.473 9 35.2 2.93h/1.58h/5.22h C-3 (0.122 km/s)

7-6 806.652 10 47.8 3.85h/2.48h/7.37h C-3 (0.105km/s)

8-7 921.7997 10 62.5 30.7h/16.35h/1.96d

(A/ B/ C)

C-2 (0.092km/s)

Integration time:

A: on-source time using sensitivity calculator

B: on-source time using OT

C: total observing time (B + time for calibration + etc) 



Which band should be chosen?

 CO transitions can be covered in the Bands 3, 6, and 7. 
You should describe why the band is chosen.

 For a given integration time, band 7 provides the highest SNR.

 Other lines of interest can be covered within 1 S.G.s.

 A relation use the CO 1-0 line..

 Optically thin line is located only in Band 3.

 When considering of interstellar extinction (optical depth of 
continuum emission), the line in Band # can trace the midplane of 
target ...  



1. How the expected flux density is estimated.

2. Which SNR is used among A, B, and C.

3. Why is the SNR enough to achieve the Science Goal? 

- We may observe with fine spectral resolution for kinematics, but the detection requirement can be 

evaluated at a coarser resolution (e.g., FWHM/3) (B).

- Although it is a line observation, describe the information and arguments for the continuum

Tip: You can refer the figures in S.J. and/or cite references ( XX et al. ApJ, ###, ###)

A

B

C Integrated Intensity

For the same integration time,

𝑅𝑀𝑆(𝑁𝐸𝑊)

𝑅𝑀𝑆(𝑂𝐿𝐷)
=

∆𝑣(𝑜𝑙𝑑)

∆𝑣(𝑛𝑒𝑤)



Flux density [ mJy beam-1]

Flux :

Solid angle 

 for gaussian beam

Rayleigh-Jeans limit : hν/kt <<1



Radiative Transfer

Use a simple radiative transfer expression:

Two common approximations:

• Optically thick (τ≫1):

• Optically thin (τ≪1):

Dust continuum emission :



Line : radex online



Where do we start?

 low-resolution data for the same line/continuum? 

Same molecular lines in other bands

 In other source with similar characteristics?

From model (theory…)



Higher angular resolution  (smaller 

beam > 2x)

• Use a conservative assumption first (uniform 

emission)

• This often underestimates the peak flux density if 

the emission is compact. You should justify this 

using prior data or analog sources.

• high resolution molecular line tracing similar gas 

shows compact emission 



S.G. : CO 3-2, Line width = 1 km/s, 0.1”

Previous data : CO 2-1, 0.3”, peak flux =120 mJy

 0.3” → 0.1 “  : 120 mJy * (0.1/0.3)^2 = 13.3 mJy



S.G. : CO 3-2, Line width = 1 km/s, 0.1”

Previous data : CO 2-1, 0.3”, peak flux =120 mJy

 0.3” → 0.1 “  : 120 mJy * (0.1/0.3)^2 = 13.3 mJy

 2-1 → 3—2 : 21.9 mJy ( 13.3 mJy * 1.64)

1.64 = (345.538GHz/230.538GHz)^2 *(8.35K/11.5K)



S.G. : CO 3-2, Line width= 1 km/s, 

0.1”,0.12 km/s

Previous data : CO 2-1, 0.3”, peak flux =120 mJy

 0.3” → 0.1 “  : 120 mJy * (0.1/0.3)^2 = 13.3 mJy

 2-1 → 3—2 : 21.9 mJy ( 13.3 mJy * 1.64)

1.64 = (345.538GHz/230.538GHz)^2 *(8.35K/11.5K)

SNR = 5 ( request rms = 4.4 mJy)

Total observing time : 4.08 hr


