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Laser Stripping via a Broad Stark State
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The point at issue :
Cross section and Saturation energy density
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Resonant Photoionization 
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Comments from Dr. A. Hershcovitch
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Atom Laser Interaction
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Einstein’s theory on radiative transition
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Level 2

Level 1
Spontaneous

Decay
Absorption Stimulated

Emission

1,   3 types of radiation
Spontaneous Decay;  dW = Adt
Absorption;                dW = B12ρ(ω)dt
Stimulated Emission;dW = B21ρ(ω)dt

2,   Plank’s radiation law
Relation between A, B12, B21

3,   Absorption, Stimulated emission
Laser power density

Saturation energy density and cross section
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∆ωL :  laser line width seen by H0 atoms
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δωL ≈ 106 ~ 107Hz  ------------------- original line width of laser

τint ≈ 10-9sec, or 1/ τint ≈ 109Hz --- interaction time

∆ωa = 0 Hz (ground state) --- level width of H0 state
1013Hz (excited state)

Velocity spread of H0 beam does not spread ∆ωL

H0

τint

p

Laser
δωL

∆ωL = δωL + 1/τint +∆ωa



Saturation energy density and cross section 
for absorption
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Because ∆ωa = 0,  δωL < 1/τint, we have ∆ωL ≈ 1/τint .
Thus, saturation energy density is
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This equation is same as eq.(8) in KEK Preprint 2002-76.

For the cross section, we have 
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Saturation energy density and cross section 
for stimulated emission
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Because H0 is in the excited state with ∆ωa,      ∆ωL = ∆ωa .
We have

This is the equation (7) of the KEK Preprint 2002-76.
For the cross section we have

This is the equation (6) of the KEK Preprint 2002-76.



Derivation of the cross section formula 
from spontaneous decay rate: A of upper level
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A is the rate of spontaneous decay from upper to ground state.

M(ω) is a slowly varying function of ω.

Therefore, ( )
2

0 .
2 a

Aλσ ω
π ω

=
∆

This equation is same as the cross section for stimulated emission.
Thus, the cross section given by the above formula is considered to express the strength 
of transition that occurs during the lifetime of the upper level.



Conclusion
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1. The formula (eq. (6) in KEK Preprint 2002-76)

gives the cross section of transition that occurs during the
lifetime of the excited state.

2. Saturation energy density for absorption in the laser stripping 
via a broad Stark state is given as

This equation is the same as eq.(8) in KEK Preprint 2002-76


