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Microscopic Line Broadening

III. Semi-classical Stark Broadening

level splitting by external E potential into k sublevels

Aw =C, Ir°

with p:

: linear Stark. hydrogenic neutral (dipole) + charged particle or ion (e.g. H and P, e, H)

: ressonant Stark. same dipole neutral particle (e.g. H and H)
- quadratic Stark. non-hydrog. atom + charged particle or ion (Nal and H')

- van der Waals. non-hydrog. atom + dipole (e.g. Nal and H)

TN
SIS

quantum Stark theory Cp —> Ck,p



ITI. Semi-classical Stark Broadening (cont.)

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

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

add collision probability to natural decay probability:



Lindholm perturbed frequency:

Nvog/m
() = ool (1)
(w — wo — Nvoy)? + (Nvog)?
with N = density of (light) perturber
O, = Lindholm, Radiative cross-section
v = particle-perturber relative velocity

(1) 1s a Lorentz profile with: Ao = I

2

[' =2Nvop and Awo = Nvoy
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Fig. 11.3. Any real photon has a finite length of a few centimeters or ~10-° s, and
a simplified way to view this is shown here. Specifically, the duration of the photon
determines the width of the spectral line it produces.



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

The first neighbor p = 2 model

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

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

Wir)dr = l—fW(r’)dr' * adnr’Ndr
0






d| wWir) d (
= —|1—| Wi(r’)dr
dr 4nar2N) dr ”0[ (r’)
d W(r2) ) ——A4mxar’N W(rz) )
dr\4mxar N dmwar N
y(r) = ) 4y (r)] =—dmar’Nly(r)
drar N dr
—Zxar’N
y(r) = e + c¢; limy(r)=0; c¢=0

there are no distant neighbors



—i:rcarBN

W(r) = 4nr°Ne ° (1)

probability density for nearest neighbor



|

=

there are at least one (and first)
neighbor

r(4/3) 0.55 N-1/3
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4/37N|



there at least one (and first) neighbor

fW(r)rdr
r = " .
| wi(r)dr
0
- 4
r = f4rcr3Ne3 “ar = F(4/3)1/3 ~ (055N "°
0 4/37N|
for comparison:
4 ~1
N = §nr(3) ; Ty = 0.62N "




radius —> energy —> frequency

with ([ Aw\ VP _ |1
r= A(DO) ro, dr = ro(
rep N in eq. 1: 2 3 _gmg
P A W(r)dr = 4nr 3




radius —> energy —> frequency

with

rep N in eq. 1: W(r)dr




with frequency terms for r and dr:

_ 3 [Aw P BT A
W(Ao)dAw = p(Aw) € d(AmO)
for p=2;
wisolaso = 280 g po)
with B:AA(%) and W(Aw)dAw o« a,(Aw)d A




# B °(impact ; natural )

further neighbors where calculated up to Debye by Holtzmark

— up to 50% difference in the far wings
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F1G. 9-2. Field distribution ai a test point, including shielding effects; 8 is the number
of charged particles within the Debye sphere. (From G. Ecker, Z. Ph., 148, 593, 1957; by

permission.)
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