SPECTROSCOPY 1

Advantages at Radio Wavelengths
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Spectroscopy Fundamentals

Einstein Coeflicients
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e radiation density U = 4nl/c

e Ay = probability for emitting a photon spon-
taneously

e By, U = probability for stimulated emission

e B,U = probability of the absorption of a
photon
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Thermal Equilibrium

Boltzmann distribution:

n2 _ 92 _Z_%

niy g1
where g; and gy are statistical weights.
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From the Planck Function,
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Radiative Transfer

e spontaneous emission:
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e stimulated emission:
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e absorption:
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In general,
n1(012 + Blg(_]) = ng(Agl + Bgl(_] + 021)
Cij = Jy oij(v)vf(v)dv

where o;; is the collision cross section and f(v)
is the velocity distribution function of the par-
ticles.

Simple Solutions

1. LTE case: n—l — g—
hv
2. Non-LTE case: 2 — Lo kTex
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e [f radiation dominates,
nlBlgU = ng(Agl -+ BglU)
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Re-arraning first eq. and using Ay = S—T%Bgl
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where T}, is brightness temperature.



e [f collision dominates,
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where T is “kinetic temperature”.

In general, the excitation temperature is given

by
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e radiation dominates: 1., — 1}
e collision dominates: 1T,, — Tk

e critical density: Aoy ~ Cy ~n* < ov >



21cm Neutral Hydrogen (HI) Line

The 21cm HI line is the transition between
the hyperfine structure levels 125, /2, F'=10and
F' =1 of neutral hydrogen — energy difference
from the spin of the proton and the electron.

o 1)y = 1.420405752 x 10? Hz
o Ajg = 2.868887 X 1071 gt

e mean half-life: ¢1/9 ~ 1/A;p = 3.49x10" s =

1.11 x 107 yr
= thus collisionally excited!
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e “spin temperature” Ty: nO g_
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o M1 — Il = 3for T, > 1 = 0.0082 K

o[, ~ 100K, typically in cold ISM and can
be much higher.
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HI in External Galaxies

o MH] — 530D%62/Tmbd?} M@ or
MH] = 2.30 X 105D%/SU<Jy)d?) M@
where Dy is luminosity distance in Mpc, 6
is beam size in arcsec, and v is velocity in

km /s.
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