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Transition processesTransition processes

• Excitation
• Ionization
• Autoionization
• Photoionization
• Inverse processes
• Both electron and ion impact may be 

important in above
• Charge transfer
• Molecular processes
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General Formulation for excitationGeneral Formulation for excitation
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Electron impact excitation considerationsElectron impact excitation considerations

• Requires solution of coupled equations 
representing target states and free 
electrons

• Common solution is to largely decouple 
to initial target and free electron, final 
target and free electron

• Choices are then in method of solution 
for target and for free electron
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Common approximationsCommon approximations

• Plane-wave-Born  
• Coulomb Born
• Distorted wave
• Close coupling
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Allowed and forbidden transitionsAllowed and forbidden transitions

• Dipole allowed, l2 = l1 ± 1, are generally 
stronger, with l2 = l1 +1 the stronger

• Spin allowed are generally stronger, 
singlet-singlet or triplet-triplet

• J2 = J1 ± 1,0 but not J2 = J1 = 0
• Mixing can change these general 

assumptions
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Plane wave BornPlane wave Born

• Two state method
• Free electrons are both plane wave, potential of 

target is completely ignored
• Cross sections can be calculated from 

generalized oscillator strength from target 
states

• Calculation is fast
• Accuracy best at high impact electron energies
• Option in structure code to calculate PWB
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Coulomb BornCoulomb Born

• Next level of approximation
• Free electrons are Coulomb functions, 

using Z-N bound electrons for effective 
charge

• Sampson et. al. calculated for hydrogenic 
targets, then used screening parameters 
to extend to complex ions

• Best for several times ionized and not 
many equivalent electrons



International Atomic Energy Agency

Distorted waveDistorted wave

• Take into account the actual potential 
from the target state in calculation of free 
electron

• Several methods for doing this, DWA, 
FOMBT

• Exchange effect on potential also treated 
in variety of ways

• Average approximation allows faster 
solution
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Close couplingClose coupling

• Solve full set of coupled equations, 
bound and free

• May include many high lying states, 
above continuum, leading to resonances

• Long computing time required
• R-Matrix theory allows solutions within 

limited radius, match energy solutions at 
boundary

• Most accurate theory
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Collision strengthCollision strength

• Cross section generally of order of atomic 
dimension

• Cross section decreases with energy
• Cross section dependent on direction of 

transition
• Collision strength defined as:
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Rate coefficientsRate coefficients

• Electron distribution is often Maxwellian
• Weighted integral of cross section gives rate 

coefficient:
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Rate coefficientsRate coefficients

• Can be generated from web interface
• Function of temperature, not individual 

electron energy
• Temperature grid automatically set by 

interface from range of impact energies 
used in cross section calculation

• Must have sufficient points for 
integration to make sense
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Detailed balanceDetailed balance

• In LTE, rates for upward and downward 
balance:  niRij = njRij

• Populations given by energies and statistical 
weights (assume Maxwellian electron 
distribution)

• Gives relationship between cross section 
and inverse:
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ResonancesResonances

• Doubly excited levels may be formed and 
autoionize to a singly excited level

• Consider e + 1s2 1s2p + e’ as the direct 
excitation

• At a particular energy a capture can take 
place:  e + 1s2 1s3dnl giving a doubly 
excited state
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ResonancesResonances

• Autoionization can proceed:                 
1s3dnl 1s2p + e’

• Series takes place for different values of 
nl.  Also, change the 3d shell to 3s, 3p, 
etc.  Many resonances can occur

• Each resonance is at a definite, discrete 
energy, dictated by capture of the initial 
free electron into a specific state
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Resources on the webResources on the web

• Several electronic databases searched by 
GENIE

• LANL codes use DWA or FOMBT for 
electron impact excitation, configuration 
or fine structure

• Average approximation on A+M Unit 
home page for electron impact in 
configuration mode only

• Heavy particle collisions on Unit home 
page, bare nucleus on hydrogenic ion
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LANL calculationsLANL calculations

• Generate atomic structure, files are saved
• Select energy parameters
• Select potential
• Select transition
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C+2 2s2 1S0 → 2s2p 1P1
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C+2 2s2 1S0 → 2s2p 3P1
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Fe+22 2s2 1S0 → 2s2p 3P1
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Why the differenceWhy the difference

• It is seen that the 2s2 1S0 → 2s2p 1P1
collision strength rises with energy

• The 2s2 1S0 → 2s2p 3P1 is a spin forbidden 
transition in LS coupling

• For C+2 there is little spin-orbit mixing, it 
is a spin forbidden transition

• For Fe+22 there is considerable spin-orbit 
mixing, so there is an allowed component 
that rises at high energy
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SummarySummary

• Interface allows user to calculate 
excitation between selected levels

• Results in graphical, ALADDIN format
• Cross sections, collision strength or rate 

coefficients available
• DWA or FOMBT for potential




