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Radiation

Lecture VII
3.2. Discrete systems

• Atoms and Molecules
• Selection Rules

3.3. Excitations
• Collisions
• LTE

3.4. Discrete systems
• Escape Probability
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Discrete Systems

Non-radiative transitions
• Collisions

• Definition of rate coefficients equivalent to Einstein coefficients

𝐶௔,௔ᇲ = 𝑛௖௢௟௟𝛾௔,௔ᇲ = 𝑛௖௢௟௟ 𝜎𝑣 = 𝑛௖௢௟௟ න 𝜎௔,௔ᇲ 𝑣 𝑝 𝑣 𝑑𝑣
ஶ

଴

𝜎(𝑣) = collision cross section for the transition (depends on velocity)
• For Maxwell-distribution of velocities p(v):

𝐶௔,௔ᇲ = 𝑛௖௢௟௟ න 𝜎௔,௔ᇲ 𝑣
2

𝜋
 𝑣ଶ

𝑚௥

𝑘𝑇௞௜௡

ଷ/ଶ

exp −
𝑚௥𝑣ଶ

2𝑘𝑇௞௜௡

ஶ

଴

𝑚௥ = reduced mass of the collision partners
• Integral numerically solved in quantum-dynamical computation
• 𝛾௔,௔ᇲ tabulated for many transitions
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Discrete Systems

Collision rates
• Different rates for different collision partners

• Relevant H2, H, He, e- :
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Discrete Systems

Collision rates
• Mutual dependence of upwards and downwards collision rates

• Energy conservation requires :

𝐶௜௝ = 𝐶௝௜

𝑔௝

𝑔௜
exp −

ℎ𝜈௜௝

𝑘𝑇௞௜௡

(Boltzmann distribution)

• Sum of collisional rate coefficients for different collision partners icoll needed:

𝐶௜௝ = ෍ 𝑛௜೎೚೗೗
𝛾௜௝,௜೎೚೗೗

௡೎೚೗೗

௜೎೚೗೗

(H2, H, H+, He, electrons, ...)

𝐶௜௝ 𝐶௝௜

𝑗

𝑖
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Collision rates

Beware!
• Rates can be different for ortho- and

para-H2.

• Many important rates have not been 
computed yet 

→ large uncertainty in models.


