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Final Scientific Report

Grant AFOSR-78-3649, 1 July 1978 - 30 June 1983

The general objectives of this research project are to study excitation

of atoms and molecules by collisions and the subsequent radiation produced by

the excited atoms and molecules. Our major efforts were in the following areas.

1. Electron Excitation of Atoms. Absolute electron-impact optical

excitation functions of 26 transitions of the sharp, principal, diffuse,

fundamental, and nP-4S series of sodium have been measured in the impact-energy

range 0-150 eV. The determination of the target-atom number density was made

by measuring the attenuation of sodium resonance radiation from a fluorescence

cell upon passage through the collision chamber. Direct excitation cross

sections of fourteen states (4S, 5S, 6S, 7S, 3P, 4P, 5P, 6P, 3D, 4D, 5D, 6D,

6F, and 7F) have been determined and the results are compared with theoretical

calculations based on the Born approximation and the method of multi-state

close coupling.

Optical cross sections have been measured for some 100 emission lines of

the xenon atom produced by electron-impact excitation for incident electron

energies from threshold to 100 eV. From these optical data we determine the

direct excitation cross sections for all ten 2p levels (the 5p 56p configuration)

as well as the apparent excitation cross sections of a number of levels from

the 5p 5ns and 5p nd configurations.

2. Excitation of Electronic States of Molecules by Electron Impact.

Electron-impact excitation of the D3E+ and c' 1+ electronic states of the N
u c4  u 2

molecule has been studied by measuring optical excitation cross sections of the

D3 E+(v o) - B 311g (v") and c' E+(vo) -. all (v") emission. Both D3 + and

c 4 1u are Rydberg molecular states, hence their excitation cross sections are
of special interest. The excitation function of the D 3 E+ state differs from those

of many triplet states in that it exhibits a double-peak structure. We attribute

this feature to inherent properties of direct excitation of D3E+ rather than
u

secondary processes such as cascade. We have also studied electron-impact
excitation of the b3E+, d3 A,, and a 3E+ electronic states of the CO molecule.

Optical cross sections for emission of the Third Positive System (b 3r -+ a3 ),

the Triplet System (d3 i - a 3 ), and the Asundi System (a' 3Z+ a3 R) of thethezuU o h

CO molecule produced by electron excitation ee nf ffS, (A7StflAIR ro ,ID1.
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3. Formation of Excited Nitrogen Atoms by Electron-Impact Dissociation

of Nitrogen Molecules. A systematic study of the production of excited
4 4 4 4422 2 2 2

nitrogen atoms in the S, P, D, F, P, D terms of the 2p 3p, 2p 3d, 2p 4d,

and 2p 23p configurations by electron-impact dissociation of N2 has been made

by measuring the intensity of the radiation emitted by these species. We have

measured the optical excitation cross sections for a series of emission lines
of the type 2p23p - 2p23s, 2p23d - 2p23p, 2p24d - 2p23p, 2p3p 2p23s for

incident electron energy from threshold to 200 eV. From the near-threshold

behaviors of the measured excitation functions, we are able to characterize the

nature of the excited electronic states of N that are mainly responsible for the
2

dissociation process.

4. A New Method for Neasuring Electron Excitation Cross Sections of

Metastable Levels of Atoms and Molecules. In the usual optical method for

studying electron excitation, one determines the electron excitation cross section

by measuring the radiation emitted by the atoms that are lifted to the excited

state of interest by electron impact. This procedure fails if the excited state

is metastable since there is no radiation from this state. We have developed

a new method for measuring excitation cross sections of metastable states.

For illustration let us consider the Is5 metastable state of Ne. We produce

by electron impact Ne atoms in the ls5 level, and use intense photon

irradiation (laser) to take the atoms from the ls5 level to a higher level,

i.e., 2P2 . The subsequent emission from 2p2 to a lower level 182 is observed

and utilized to determine the electron excitation cross sections of the s5

level. We have applied this method to obtain the electron excitation cross

sections of the ls3 and ls5 levels. This method is not limited to metastable

levels. It can be used for any level with a sufficiently long lifetime. The

first excited configuration 2p 3s of Ne consists of four levels: the two

metastables (ls3 and ls ) and two others designated as Is2 and 1s4 (IP1 and PI

in IS-coupling). Because of the breakdown of the IS-coupling, the 1s4 level

contains about a 7% admixture of singlet character. Both la2 and 184 levels

radiate to the ground level. At elevated pressures radiation trapping

lengthens the radiative lifetimes, so that we utilize the same technique to

determine the electron excitation cross sections for the 1s 2 and ls4 states.

5. Excitation of Atoms by Heavy Particles. In the past systematic

studies of excitation of different levels of a target atom by the same

projectile (electron) or excitation of different target atoms by the same

n1 1 1 1 1 1 i
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projectile have been made. We have taken a new approach of studying excitation

of the same target atom by different projectiles. This would allow us to

delineate the effect of the projectile-target interaction on the magnitude of

the excitation cross section. Specifically we measure the 3s - 3p

excitation cross section of the Na atoms by collision with six d&f.'erent

projectiles (electrons, H+, H 2+, H3 , H , H-) and study its variation with

respect to the projectile velocity. (Since different projectiles have different

mass, we speak of the projectile velocity rather than the kinetic energy.) At

incident velocities greater than 1.5 x 106 m/s the cross sections for incident

electron, H, H2 , and H3 are nearly the same, the cross sections for H

excitation are similar to but somewhat smaller than the electron excitation

cross sections, and the H0 excitation cross sections are much smaller. The

electron excitation cross section falls to zero at its 2.1 eV threshold

corresponding to a threshold velocity 8.6 x 105 m/s, but at this velocity the

incident H+, H0 , H all have energies much larger than 2.1 eV so their cross

sections do not vanish. For incident velocities less than 1 x 106 m/s, the

H H 2 and H cross sections are practically the same, the H cross sections

are slightly below, but the H0 cross sections are now comparable to the H-

cross sections. From these observations we make the following conclusions:

(i) At incident velocities higher than the rms velocity of the target-atom

valence electrons, the dominant excitation mechanism is the direct interaction

due to the charge of the projectile. (ii) At the "low incident velocity region"

where the target and projectile valence electrons adjust their motion in response

to the slow approach of the nuclei, the cross sections for incident H+, 
0
° , and

H- should be examined in terms of Nai + , Nail, and Nal- molecular curves.

(iii) The "large" cross sections for incident H° at low velocities are most

probably due to a two-step level-crossing transition.
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