DETERMINING TEMPERATURES FROM OBSERVATIONS

The figures below shows observations of the J = 6 – 5 transition of CH3C2H (A = 158.59 GHz, B = C = 8.54586 GHz, A65 = 10-6 s-1) and the CO J = 1-0 (B = 57.64 GHz, A10 = 7.19x10-8 s-1) in some molecular cloud.  

a. Calculate the kinetic temperature of the gas using BOTH the CH3C2H and CO observations.  Explain why the results are different or the same. You may also assume that the CO is optically thick, in LTE, and that the Rayleigh-Jeans limit is valid.  In addition, use the fact that the CH3C2H energy states are:  EJ = 6 = 17.2 K for K = 0, EJ = 6 = 24.4 K for K = 1, and EJ = 6 = 46.0 K for K = 2.
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Answer

a) For CH3C2H since this is a symmetric top, we can use the rotation diagram approach.

Now:
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No we can approximate the integrated intensity by TBV, where V is the FWHM of the line:
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where f is the partition function and is:
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NOTE – now that we have K ladders, we need to add the populations in all J and K states.
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this is equivalent to y = mx + b where 
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and b = lnC which is the y intercept and can be used to calculate the column density.  Let’s ignore this now and focus on the temperature.

So from the figure, and our calculation of the energy levels:

	K
	TB (K)
	ln TB
	Eu (K)

	0
	0.5
	-0.693
	17.2

	1
	0.28
	-1.273
	24.4

	2
	0.14
	-1.966
	46.0


Using a linear fitting routine, I get:
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so T = -1/m = 24.2 K

For CO, since we are optically thick and in LTE the radiative transfer equation is:
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In the Rayleigh-Jeans approximation:
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but since the CO 1-0 transition is in LTE, the excitation temperature IS the kinetic temperature.  So looking at the CO 1-0 spectrum in the figure, the observed brightness temperature (TB) is ~ 16 K.  Thus:
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This is lower than that determined from the CH3C2H data probably because the CO is optically thick while the CH3C2H is optically thin.  Thus, the CO is tracing the outside layers of the cloud where the temperature is a little lower whereas the CH3C2H is tracing the interior where the temperature is warmer.  Heating by an embedded protostar perhaps? Measurement errors? Or maybe problems with your assumptions?
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