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Discrete Systems

Non-radiative transitions

« Collisions
» Definition of rate coefficients equivalent to Einsteinwcoefficients

Co ™ M Yagt ™ Megs O 1 § 0 (Il

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

o0 3/2 2
2 L m m,v
Caa' = Noou J Ua’a’(v)\/; v (kain> P <_ 2kain>

0

m, = reduced mass of the collision partners
 Integral numerically solved in quantum-dynamical computation
* Yauo! tabulated for many transitions
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Discrete Systems

Collision rates

 Different rates for different collision partners
* Relevant H,, H, He, e:

Table 5.1. Rate coefficients for de-exciting collisions by H atoms and H, molecules. For
comparison the last column gives the values of 7 +7 for elastic collisions between H atoms,

in which the total kinetic energy of the collision partners is the same before and after the
collision. [After Spitzer (1978, 1968)]

Gnm jen® 51 T+7 [em? s71]
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(Hyperfine  (2Pj/5-level) (J =20of Hy) (J = lof CO)
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Discrete Systems

Collision rates
« Mutual dependence of upwards and downwards collision rates

« Energy conservation requires : . _L
C. ;(gi e/ - h\?"J. C.. [ C--] h -
4 g kT, . | J

T

(Boltzmann distribution)
« Sum of collisional rate coefficients for different collision partners i, needed:

Neoll

Cij = nicollyif;icoll
~—

lcoll
(H,, H, H*, He, electrons, ...)
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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.
pytV0 par?
N d
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able 1. Rate coefficients, g(J—J'), for rotational de-excitation of '?C'*O by para-H,, in units of

o -~ S ———
m?s~!. Numbers in parentheses arc powers of 10. T

J TX)
10 20 40 60 100 250
0 2.3(-11 2.4(-11) 3.3(-11) 4,1(-11) 5.0(-11) 5.8(-11)
0 3;;;:;;) 3.8(-11) 4.2(-11) 4.5(-11) 4.7(-11) 5.1(-11)
0 2.8(-12) 3.8(-12) 4.9(-12) 5.8(-12) 7.2(-12) 1.0(-11)
0 3.8(-12) 4,7(-12) 5.7(~12) 6.2(-12) 6.8(-12) 8.1(-12)
0 6.2(~13) 7.4(-13) 1.0(~12) 1.3(-12) 2.0(-12) 4,2(~12)
Q0 5.9(~13) 7.0(~13) 9.1(-13) 1.1(-12) 1.4(-12) 2.1(~-12)
0 1.8(-13) 2.1(-13) 2.8(-13) 3.6(-13) 5.8(-13) 1.6(-12)
0 1.3(-13) 1.7(-13) 2.2(-13) 2.8(-13) 4.0(-13) 8.6(-13)
0 4.1(-14) 5.7(-14) 7.8(-14) 1.0(-13) 1.8(-13) 6.0(~13) s
0 2.4(-14) 3.5(-14) 5.0(-14) 6.7(-14) 1.1(-13) 3.6(-13)
0 9.3(-15) 1.4(-14) 2.2(-14) 3.2(-14) 6.0(-14) 2.2(-13)
2 1 2.8(-11) 3.5(-11) 4.9(-11) 6.0(-11) 7.3(-11) 8.7(-11)
3 1 6.2(~11) 6.6(-11) 7.1(-11) 7.3(-11) 7.5(-11) 8.1(-11)

Table 2. Rate cocfficients, g(J—J'), for rotational de-cxcitation of “C'*0O by ortho-Ha, in units of

cm®s !, Numbers in parentheses are powers of 10, —_
1
J J T(K)
10 20 40 60 RO 100

1 0 ( 5.5(—11; D 4.5(-11) 4.5(-11) 4.90-11) 5.30=11) 5.7(-11)
2 0 .7(-11) 7.4(-11) 6.9(-11) 6.6(-11) B-5(=11) 6.4(-11)
3 0 3:3(=12) 5.9(-12) 6.6(-12) 7.0{~-12) 7u4(=12) 7.7(-12)
4 0 1.1(-~11) 1.1(=11) L {=11) 1.1(~11) 1.1{-11) 1.1(-11)
5 0 1.5(-12) 1.8(-12) 2.2(-12) 2.5(-12) 2. 7(~12) 2.9(-12)
6 0 1.5(=12) Lo76-12) 2.0(-12) 2:2(=12) 2.4(=12) - 2.6(-12)
2 1 6.6(-11) 6.4(-11) 6.7(-11) 7.2(-11) 7.7(-11) 8.2(-11)
3 1 1.1(~-10) 1.1(-10) E.1(=10) Lo1(=10) 1.1 -10) 1.0(-10)
4 1 9.9(-12) 1.3(-11) 1.5(=11) L+:5(~11) 1.6(=11) 1.6(~11)
5 1 1:8(-11) 1.9(-11) 1,9(-11) 2.0(=11) 2.0(-11) 2.0(-11)
6 1 2.8(-12) 3.5(=12) 4.6(-12) 5:5(-12} 6.2(-12) 6.8(-12)




