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Microscopic Line Broadening  

III. Semi-classical Stark Broadening

level splitting by external E potential into k sublevels

with p:

p=2: linear Stark. hydrogenic neutral (dipole) + charged particle or ion (e.g. H and P, e-, H-)
p=3: ressonant Stark. same dipole neutral particle (e.g. H and H)
p=4: quadratic Stark. non-hydrog. atom + charged particle or ion (NaI and H-)
p=6: van der Waals. non-hydrog. atom + dipole (e.g. NaI and H)

Δω =C k , p /r
p

quantum Stark theory Cp → Ck,p



III. Semi-classical Stark Broadening (cont.)

a. Impact. → shortening of  natural decay by fast collisions
nothing between them

(a) Impact Lindholm theory vs. (b) quasi-static theory

add collision probability to natural decay probability:

Γ = Γnat + Γcol



Lindholm perturbed frequency:

with N = density of (light) perturber
σl,R = Lindholm, Radiative cross-section
υ = particle-perturber relative velocity

(1) is a Lorentz profile with:

(1)

and

Δω = Γ
2





The first neighbor p = 2 model

probability of finding a charged neighbor 
between r and r + dr :

probability of finding a charged neighbor 
between r and r + dr and not finding a neighbor
for  r´ <  r

b. Quasi-static. → atom radiating in the average scalar field of perturbers
perturbers are at random positions and slow.
Holtzmark approx.: level change by average external field

W (r)dr = W (r) dr
dΔω

dΔω

W (r)dr = (1−∫
0

r

W (r ´ )dr ´ ) ∗ a 4πr2N dr



d
dr (

W (r )

4πar2N ) =−4πar2N (
W (r )

4πar2N )

d
dr (

W (r)

4 πar2N ) =
d
dr (1−∫0

r

W (r ´ )dr ´) = W (r)



d
dr (

W (r )

4πar2N ) =−4πa r2N (
W (r)

4πa r2N )

d
dr (

W (r )

4 πar2N ) =
d
dr (1−∫0

r

W (r ´ )dr ´)

y (r) = e
−
4
3

πar3N

+ c ; lim
r→∞

y (r )=0 ; c=0

y (r) =
W (r)

4 πa r2N

there are no distant neighbors

d
dr

( y (r)) =−4πar2N ( y (r))



W (r ) = 4 πr2N e
−
4
3

πar3N

(1)

probability density for nearest neighbor



there are at least one (and first) 
neighbor∫

0

∞

W (r)dr = 1 ; a=1

r̄ =

∫
0

∞

W (r)r dr

∫
0

∞

W (r )dr=1

r̄ = ∫
0

∞

4 π r3N e
−
4
3

π r3N

dr =
Γ (4 /3 )

(4 /3π N )
1 /3 ≃ 0.55N−1/3



there at least one (and first) neighbor
∫
0

∞

W (r)dr = 1 ; a=1

r̄ =

∫
0

∞

W (r)r dr

∫
0

∞

W (r )dr

r̄ = ∫
0

∞

4 π r3N e
−
4
3

π r3N

dr =
Γ (4 /3 )

(4 /3π N )
1 /3 ≃ 0.55N−1/3

for comparison:

N = ( 43 π r0
3)

−1

; r0 = 0.62N−1/3



radius → energy → frequency

Δω =
Ck , p
r p

→
r0
r

= ( Δω
Δω0)

1
p

r=(
Δω
Δω0 )

−1/ p
r0 ; dr = −r0(1p)(

Δω
Δω0)

−1/ p−1
d (

Δω
Δω0 )

with

rep N in eq. 1: W (r)dr = 4 π r2
3

4 π r0
3 e

−
4
3

π r3
3

4 π r0
3

dr



radius → energy → frequency

Δω =
Ck , p
r p

→
r0
r

= ( Δω
Δω0)

1
p

r=(
Δω
Δω0 )

−1/ p
r0 ; dr = −r0(1p)(

Δω
Δω0)

−1/ p−1
d (

Δω
Δω0 )

with

rep N in eq. 1: W (r )dr = 4π r2
3

4π r0
3 e

−
4
3
r3

3

4 π r0
3

dr

W (r)dr = 3( rr0 )
3

e
−(
r
r0 )

3

dr
r



W (Δω)dΔω =
3
p (

Δω0

Δω )
3 / p+1

e
−(

Δω0

Δω )
3/ p

d ( Δω
Δω0 )

with frequency terms for r and dr:

for p = 2:

W (Δω)dΔω =
3
2 (

Δω0

Δω )
5
2 e

−( Δω0

Δω )
3/2

d ( Δω
Δω0 )

with β= Δω
Δω0

and W (Δω)dΔω ∝ aν(Δω)d Δω
Δω0



I (β)dβ ∝
3
2
β

−
5
2 e−β

−3 /2

dβ

β→∞

I (β) ∝
3
2
β

−
5
2 ≠ β

−2
(impact ; natural)

further neighbors where calculated up to Debye by Holtzmark

→ up to 50% difference in the far wings





(from Gray 2005)
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