DETERMINING COLUMN DENSITIES

The figure below shows 2 spectra of a region in Orion taken at the JCMT: the tall one is 12CO J = 2 – 1 ( = 230.538 GHz; A21 = 7.16x10-7) and the short one is C18O J = 2 – 1 ( = 219.56 GHz; A21 = 6.18x10-7). Making the following assumption:

· Both transitions are populated according to LTE

· The 12CO is optically thick

· The Rayleigh-Jeans approximation is valid

· There is no background emission

· The 12CO/C18O abundance ratio is 500

· The H2/12CO abundance ratio is 104

a) Calculate the TOTAL gas column density

Answer

To calculate the column density, use the C18O since we don’t have to worry about any opacity effects and can use our equations for optically thin, LTE:
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TBdV is the integrated intensity (in K km/s) which can be estimated by the peak temp (TB) x FWHM ~ 5 K x 1 km/s = 5 K km/s (but, of course, this must be changed to K cm/s in the calculation).  Or, if you have the data, you could fit a Gaussian to determine the area more accurately.

Eu is the energy of the J = 2 state above ground.  While it doesn’t seem like you have enough information from the question, you actually do!  For a rigid rotor:
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so for the J = 2 – 1 transition, J = 1 and 
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The energy levels for a rigid rotor can be calculated from:
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so, for:
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Therefore, 
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Therefore,
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But what’s the temperature?  We can estimate the temperature by assuming that the 12CO is optically thick and in LTE and measuring the peak temp of the spectrum which is ~ 24.5 K.

At a kinetic temperature of 24.5 K the partition function is f ~ 9.8 (if you carry it to enough terms).  Therefore:
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Now to find the TOTAL gas column density we need to multiply by the CO/C18O abundance ratio and then the H2/CO abundance ratio.
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