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Stellar Spectroscopy
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Rogelio Bernal Andreo

Ha
Hydrogen (n=3-2)

Atomic Hyperfine Transitions

HI 21cm (1.4 GHz) “Spin-flip” transition

Small splitting of the ground (n=1) electronic state
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Molecular Transitions
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Molecule – Rotational Energy Levels

J = 1 - 0

J = 2 - 1

J = 3 - 2

CO Rotational Transitions Trace 
Molecular Clouds

Optical CO J=3-2 345 GHz
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Molecule – Vibrations H2O, CO2, CO

3657 cm-1 3756 cm-1 1595 cm-1
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Ro-vibrational Transitions (ice & gas)

Boogert 1999

ICE

ICE + GAS

CO   v = 1 - 0

Atomic Nuclear Energy Levels

Unstable 26Al decays to excited
nuclear energy levels of 26Mg, 
which then de-excite to ground 
nuclear state releasing gamma 
ray photon (1.8 MeV) 
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1.809 MeV Gamma Ray Emission


