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AA-1
Electronic Structure and Radiative Proverties of the

Rare Gas Halides.* P. J. HAY and T. H. DUNNING, Los
Alamos Scientific Laboratory. —-- The electronic states
of the rare gas fluorides (ArF, KrF¥, XeF) and xenon

halides (XeCi, XeBr, Xel) are investigated using ab initio

configuration interaction teéchniques. Calculated emis-
sion wavelengths and lifetimes for the major bands in
these systems are compared with existing experimental
data, Simulations of the emission spectra are also
reported based on the theoretically obtained quantities.

AA-2

Diatomics-in-Molecules (DIM) Calculations on the
Triatomic Rare Gas Halides: Rg,X.* N.E, SCHLOTTER and
D.L. HUESTIS, Molecular Physics Center, SRI International
~«Emission spectra of the triatomic rare gas halides:
AroF (290 4 25 nm), KroF (400 + 30 nm), Ar,Cl (246 + 14 nm),
Kr,Cl (325 £ 15 nm), and Xe,Cl (450 # 20 nm) have been
observed.l We have performed DIM caleulations including
spin-orbit coupllng on Ne,F, Ar,F, Kr,F, and Kr Cl which
support the Rg2 X" — RgoX assigmment. In the case of
Ar,F the DIM results are in clpse agreement with more
elaborate ca.lcu].ations.2’3 DIM calculations, for a min-
imum of effort, supply the energy surfaces needed for
calculating absorption and fluorescence spectra as well
as molecular dynamics (although good potential curves
are required for the ground and excited states of the
constituent diatomics),

*Supported by DARPA through the U.S5. Army BMDATC.

1. D.L. Huestis, D.C. Lorents, N.E. Schlotter, R.M, Hill,
M.V. McCusker, and H.H, Nakano, 32nd Symposium on
Molecular Spectroscopy, Columbus, OH 13-17 June 1977.

2. W.R. Wadt and P,J, Hay, Appl. Phys. Lett.30, 573 (1977)

3. H,H.Michels &R,H, Hobbs, Chem,Phys.Lett, 48, 158 (1977).
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AA-3
Radiative Lifetimes of KrF#* and XeF*.+ R.
BURNHAM and S. K. SEARLES, Naval Research Laboratory,
Washington, D. C. 20375 - The radiative lifetimes of
the upper laser levels of the krypton fluoride and .

xenon fluoride molecules which emit at 249 nm and 351
me respectively have been measured using a pulsed laser

photolysis technique. In our experiments the excited
state of the rare-gas halide of interest is produced
directly through dissociative photoexcitation of the
parent rare-gas difluoride (KrFy or XeFy) with radia-
tion at 193 nm from a discharge pumped argon fluoride
laser. The resulting fluorescence at 249 or 351 mm is
found to follow a single exponential decay subsequent
to the termination of the 10 nsec laser excitation
pulse. The radiative lifetimes measured in this way
are 9.0 + 0.6 nsec for Kr¥* and 15.0 + 0.8 nsec for

XeF%,

iWork supported in part by DARPA

AA-4
RADIATION LIFETIMES AND QUENCHING RATE CONSTANTS FOR

KzF AND XeF. G.P.Quigley & W.M.Hughes, Los Alamos Scien-

tific Laboratory.
Excitation of atomic Xe or Kr in the presence of F»

" by a wavelength selective 2.5 ns long argon excimer
photolytic source was used to initiate the reaction
sequence resulting in the formation of excited KrF or
XeF. The radiative lifetimes of the KrF and XeF laser
transitions have been determined. For KrF* this was
found to be 11 ns. This work constitutes the first such

measurement of the KrF* lifetime. The results are in
agreement with the calculated values! if an effective
lifetime for the collisionallv mixed II 3/2, III 1/2
electronic states® is invoked. The pressure and wave-
length dependence of these lifetimes will be discussed.
For KrF* the two body quenching by Fy is 5.6x107'°% cm?/
sec and the three body quenching by Kr is 3x10 3! cm®/
-sec. Similar results for XeF will be presented. The
three body quenching of KrF* by Kr results in the forma-
tion of Kr:F which emits a continuum centered near

415 nm. The radiative lifetime of this new excimer

has been determined along with the quenching rate by F».

1306 {1977)

1. P.J.Hay & T.H.Dunning, J. Chem. Phys. 66,
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Ad -5 .

Photolysis of XeF, By ArCl* : Collisional Deactivation
of XeF (B).% J.G. Eden and R,W. Waynant, Naval Research
Laboratory, Washington, D,C. 20375 -~ The radiative
lifetime and deactivation rates of XeF*(B) by Ar and Xe
have been measured by photolyzing XeF2 with ArC1* excimer
radiation at 175 om, The short (~3 ns"FWHM) ArxCl spon-
taneous emission pulse was generated by exciting 99.5%
Ar/0.5% Cl,. (p *1=2050 Torr) gas mixtures with & Febetron
706 electrdn beam Upon absorbing 2 175 nm photon, the XeF
dissociates, forming XeF*(B) which subsequently radiates
at 351 nm. By monitoring the exponential decay rate of
the B*X emissgion as a function of the diluent pressure,
the following radiative and collisional rates were
determined: -

a) XeF*(B) - XeF(X) + 351 nm: T= 14,25%0.5 ns,

b) XeF¥*(B) + Ar - products;kb=3.58'10-12 t:m3-'g.ec-1

c) XeF*(B) + Xe products;kc=3.27'10"11 cm3-sec-1
d) XeF”(B) + 2Xe  products;k =2.36°10" 2> cm6-sec'1,

d -10 3 -1
e) XeF (B) + XeF,? products;k =2,56°10 cm”-sec .

The significance of these resgults fo XeF taser development
will be discussed.

3

-

¥ Work supported in part by DARPA.

Ah=6

Radiative Lifetime and Quenching Kinetics for the
XeF (B T/2) State, C.H. Fisher and R.E. Center, Mathe-
matical Sciences Northwest, Inc.--A state-selective
laser-induced-fluorescence technigue has been used to
determine the radiative lifetime and quenching kinetics
for the XeF (B 1/2) excited state. Fluorine atoms are
formed by flash dissociating a mixture of UFg and Xe in
He. After a suitable delay to allow recombination of Xe
and F atoms, ground state XeF molecules are excited to
the XeF (B 1/2) state by passing a 3511 R XeF laser beam
through the cell. The fluorescence decay at 3533 A is
monitored perpendicular to the exciting light using a
spectrometer-photomultiplier combination. Quenching rate
coefficients for the collision partners He, Ne, Xe, Fp,
and NF3 have been determined. Fluorescence emission at
460 nm due to collisional transfer from the XeF (B 1/2)
to the XeF (C 1/2) state has also been observed.

*Supported by DARPA Order No. 1806, ONR Contract No.
N00O14-76-C-1066.
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AB-1

Transport Properties and Convection in Vertical
High Pressure Mercury Arcs. R.J. ZOLLWEG, Westinghouse
R&D Center--Free convection in wall-stabilized mercury
arcs at several mercury pressures and power loadings has
been studied. Because convection is sensitive to the
difference between power input and radiative and conduc-
tive losses, emphasis has been placed on obtaining
transport properties consistent with measured arc
temperature profiles and the radiation escaping. The
electrical conductivity cobtained using the electron~Hg
elastic scattering cross section deduced by Rockwood was
found superior to that of McCutchen. The cylindrical arc
convection model developed by Lowkel was used to obtain
numerical results. These show in agreement with experi-
ment: (1) constriction at the electrodes with increased
axial arc temperature and electric fields, (2) the
conical arc appearance at the lower electrode which
increases in length with mercury pressure and with
decreasing arc power, and (3) increased convection velo-
cities with increase in mercury pressure and decrease in
arc power. No evidence was found for an eddy diffusion
increase in radial heat loss at high pressure which had
been suggested earlier to account for reduced radiation
escaping.
13.J. Lowke, Bull. of APS 21 (2), 134 (1976).

AB-2

Cataphoretic Segregation of Sodium in a High Pressure
Sodium Discharge. R. S. BERGMAN and J. H. INGOLD,
General Eleetrie Co., Cleveland, Ohio 44112--The conservation
of momentum equation, eoupled with the continuity equation,
is used to derive a theoretical model for steady-state
cataphoretie segregation of sodium in a high pressure sodium
discharge. The analysis assumes a convection free LTE plasma
consisting of xenon, mercury and sodium atoms, sodium ions.
and eleetrons. The arc current, which is easily related to the
electron flux, is chosen as the independent variable, The
model gives the functional dependence of the sodium pressure
gradient on the are radius, arc gap, and various initial partial
pressures, as well as the various binary diffusion coefficients
involved. The role of the central-axis temperature is also
made explicit. The theoretical predictions of the sodium
pressure increase from anode to cathode show good agreement
with measurements over a limited range of currents and initial
partial pressures.

22
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AB-3 )
Measurements of the electron density
in a high-pressure Na-Xe discharge.

J.H.,WASZINK and H.J.FLINSENBERG, Philips
Research Labs., Eindhoven, The Netherlands.

Measurements have been made in an ac discharge
(50 Hz, 6A rms) at current maximum, pyg 1S
varied from 100 to 200 Torr, pXe ~> 1200 Torr,
tube § 7.5 mm., A small amount of XK has been
added (K/na ratio 4x10-3). The electron den-~
sity ne is derived from the profile of the
Stark-broadened, optically thin K 6S-4P line
at 6939 & (FwiM € 2 X in the present case).
The side-on intensity distribution is recorded
with a scanning Fabry-Perot interferometer
(FSR 9.6 &, finesse about 40). Fourier trans-
formation and Abel inversion yields the local
profile, Thus, ng is found as a function of
the radial coordinate. Temperatures are calcu-
lated from py, and ne with the Saha equation.
Axis values are ng = (1.0 + 0.2)x1022 m-3,
T=4100 + 120 K for pyg = 100 Torr, and

ne = (2.1 + 0.4)x1022 m-3, T = 4350 + 120 K
for pNa = 200 Torr.

AB-4

DETERMINATION OF THE Na AND Hg VAPQUR PRESSURE IN HIGH
PRESSURE Na-Hg DISCHARGES. J.J. de Groot and J.A,J.M.van
Vliet, Philips' Gloeilampenfabrieken, Lighting Division,
Eindhoven, The Netherlands. In order to compare model
calculations of high pressure Na-Hg discharges with expe-
riments, it is mecessary to measure the Na and Hg vapour
pressures. For a pure sodium discharge the Na vapour
pressure can be determined from the measured contour of
the self-reversed D-lines!). The partial Na vapour pres-
sure in a Na-Hg discharge can be determined in a similar
way from the wavelength difference between line centre
and the maximum in the undisturbed blue wing of the self-
reversed D-lines. An analogous method has been developed
for the measurement of the Hg vapour pressure from the
wavelength difference between the line centre and the
maximum in the red wing of the self-reversed Hg254nm line.
This relationship is based on the assumption of van der
Waals broadening due to Hg-Hg interaction. Using these
spectroscopically determined values of partial vapour
pressures in the numerical solution of the energy balance
equation, good agreement is found between the measured
and calculated electrical data for discharges with va—
rious mercury and sodium partial vapour pressures.

1) Teh-Sen-Jen et al. J.Q.S.R.T. 9 (1969) 487
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AB-5

"D'" Line Radiation in Afterglow of High Pressure
Sodium Arc. E.F. WYNER, GTE Sylvania, Danvers,
Massachusetts -- Spectral data on the shape and mag-
nitude of the sodium D line in the afterglow of a high
pressure sodium arc is presented. In the early after-
glow, the line shape changes from self reversed to a
broad band as the arc temperature profile relaxes

toward the wall temperature. In the late afterglow, the
‘plasma temperature becomes isothermal with the wall

and the intensity at 589nm can be used to determine this
temperature, (1500°K and above). Spectral diagnostics
of this unique high temperature isothermal plasma will
be discussed. The decay of wall temperature with time
in the very late afterglow is consistent with reasonable
values for the thermal emissivity of the wall material.

AB-6

_ Spectroscopic Investigation of K and Rb Arc Plasmas.
R. Bleekrode, Philips Research Laboratories, Eindhoven,
The Netherlands.
A study has been made of dimer emission from ac operated
K and Rb noble gas(Kr,Xe)digcharges between 250 and 900nm.
In addition to earlier work™ the following observations
were made (vapour pressures between 100 and 1000 torr):
(i) a symmetrical band around 421,5mm (half-width =~ 2nm)
with a tail to longer wavelengths; (ii) bands having
maxima at about 452 and 457 nm. The bands of (i) and (iDd
do not depend on the type or pressure of the noble gas
and seem to indicate the existence of electronic states
of K, not identified before; (iii) bands with maxima at
about 377, 379 and 38lmm possibly associated with the
E-X system; (iv) bandlike structure between 310 and 365nm.
For Rb similar observations were made: (i) bands with ma-
xima at about 453, 465 and 480nm together with strong e-
mission of the "known' 475nm band; (ii) band structure be-
tween 390 and 400nm; (iii) strong emission features with
superimposed absorption in the 540-610nm systemz. The
spectral analysis of high~temperature K and Rb plasmas is
much complicated by the presence of these bands.
1 . Schmidt, ICPIG, Paris, 1963. _
2 J.M. Brom and H.P. Broida, J. Chem. Phys.61,982 (1974).
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AB-7

Spectroscopic Measurements on Dy/Cs/Hg/I-arcs.
W.J. van den HOEK and J.A. VISSER, Philips Gloeilampen-
fabrieken, Lighting Division, Eindhoven, Netherlands
The broadening of the temperature profile of constricted!
Dy/I/Hg-arcs by the addition of CsI has been studied.
The action of CsI may be reduced if excess iodine is
present., The effect of increasing the iodine-cesium ratio
was studied in a series of Cs/I/Hg-ares. The arc con-
striction and the axis temperature increase with in-
creasing amounts of iodine. This can be related to the
reduction in the electrical'conductivity at lower tempe-
ratures due to the formation of negative iodine ions, and
to radiation from HgI 2. The 50 Hz AC arcs (400W) were
operated horizontally and centered by means of a 50 Hz
magnetic field (Heff=40-400 Am~!). Under these conditions
arc oscillations in the vertical plane with frequencies
of 0,5~5 Hz are sometimes observed in Dy/Cs/Hg/I-arcs.
A mechanism involving a time-varying constriction due to
metal iodide evaporation is discussed in terms of the
balance between the Lorentz force and the buoyant force.

1. J.F.Waymouth, Electric Discharge Lamps, MIT Press
Cambridge Mass. (1971) p. 172, 216,
2, R.J. Zollweg et al., J.Appl.Phys. 46, 3828 (1975).

AB-8

The Collisional Broadening of Li 4603 A
in Dense Plasmas. A, J. BARNARD and E. KALLNE,
Univ. of British Columbia, Vancouver, Canada.*
——Electron and ion ceollisions with neutral
lithium atoms in a plasma lead to a broadening
of the 4603 A (2p-4d) lipe, and also to the
appearance of an overlapping, forbidden (2p-4f)
component. We have calculated the combined line
shage for electron densities in the range 1013 to
107 em™3, using the impact approximation for the
electron collisions and the quasistatic approxi-
mation for the ion interactions. At densities
above 1017 em™3 the intensity of the forbidden
component exceeds that of the allowed line.
Measurements of the profile have been made with
a carbon arc and a shock heated hydrogen plasma
(both seeded with lithium) as sources, for electron
densities in the range of 101® to 1017 cm™3. The
measured and coemputed profiles are in reasonable
agreement, indicating that at high densities the
ions can be regarded as statlc, even for the for-
bidden component.

#Supported by the NRC of Canada.
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AB-9

Statistical Aspects of Partially Icnized
Systems. G.H. ECKER, Ruhr-Universitdt, Germany
—-— The statistics of the partially ionized
system is even more complicated and involved
than that of the fully ionized plasma. Therefore
we characterize the state of the understanding
reached by representative examples. In doing
so, we consider first the equilibrium state with
the problem of the "quasi-free contributions".
Formalisms for systems with non-eguilibrium
radiation only are critically discussed and
their applicability is demonstrated. Finally
stationary general non-eguilibrium states are
considered and their present understanding is
described. In closing we discuss where the
frontiers of further investigations should be.
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BA-1

Electronic Structure and Spectral Properties of
Rare-Gas Dimer Ions (Nel, Ari‘, Kr., Xe+) and Triatomic
Rare-Gas Fluorides (Ar.F, Krgl. . R.“WADT, D. C.
CARTWRIGHT, P. J. HBAY ard J.°S. COHEN, Los Alamos
Scientific Laboratory. —— Near—ultraviolet absorption
spectra for the I(1/2): - TI(1/2) transition have been
calculated for Ne+,Ar+ Kr+, and Ret using ab initio
configuration 1nterac%1on methods. “The spectra are
similar except that the position of maximum absorption
shifts to longer wavelengths for the heavier rare gases.
The absorption cross-sections are tabulated at the wave-
lengths of the KrF, XeBr, XeCl and XeF lasers. Ab initio
configuration interactions calculations were performed
on Ar.F and Kr,.F to determine their spectral properties,
both emission and absorption wavelengths, lifetimes
and oscillator strengths. The results also shed light
on the stability and mechanisms of formation for these
triatomic species in the ArY and KrF lasers.

BA-2

Photodissociation of Noble Gas Dimer Tons.H. H.
MICHELS and R. H. HOBRS, United Technologies Research
Center --A gystematic study of the photodissceciation of
noble gas dimer ions has been carried out to determine
the relative importance of these species in analyzing
loss mechanisms in the noble gas-halide excimer systems.
This study included detailed quantum mechanical calcula-
tions of the pertinent potential energy curyes for the
ions Ne2+, Aré+, K?2+ and‘Xe2+, and an analysis of photo-
dissociation from the A 25t (1/2 ) state by absorption
to the B 2Hg 1/2 3/2 ) or D 2% +(l/2g) states. For the
heavier systems %Krg* and Xe2+) spin—orbit coupling is
important, resulting in a significant mixing of the
strong I-I oscillator strength into the I-Il transition.
We find peak photodissociation cross-sections of ~0.5 ot
in the region 300-350 mm for all of these ions. A de-
tailed analysis of caleulated spectroscople properties
of the bound A 223 state of these ions has also been per-
formed. We find a regular progression in these proper-
ties and show that Hartree-Fock results can be mislead-
ing for these systems owing to a more serious (HF) asymp-
totic error for Neg then for the other dimer ions.

Supported in part by AFOSR
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BA=3
Photoelectron Spectrum of the Xeo Dimer, *P. M.

DEHMER and J. L. DEOMER, Argonne Nat'i, Lab.--A con-
centration of 1% Xe, in atomic Xe was produced in a _
supersonic expansion using a 35p diameter jet and a stag-
nation pressure of 460 torr. The Hel(584.334 R) photo-
electron spectrum was recorded at a resolution of 20 meV
using a hern1sphencal photoelectron spectrometer. Transi-
tions from Xe, X 13+ to the Xeg A%s 1 /2u+ V=0 ground state
were not observed gue to the poor Franck-Condon overlap;
however, transitions to excited states dissocilating to
Xe(lso) + Ix;e"“(zPS/2 or 2P1/2) were observed., These
states have dissociation energies of up to 0.37 eV, which
is significantly larger than those expected from consider-
ation of weak polarization forces. This experiment deter-
mined the Xe, potentials in the region of r, of Xeg (4. 372) .
These results are combined with the repulsive potentials
determined from dlffffrential elastic scattering measure-
ments of xe’ on Xe, ~ in order to map out the potentials
gver the entire range of internuclear separation.

Work performed under the auspices of the U.S. ERDA.

P. R. Jones, G. M. Conklin, D. C. Lorents, and R. E
Olsen, Phys. Rev. Al1Q, 102 (1974).

BA-4 .

Photodissociation Cross Sections in Ar,* for the
v =X Transition.” D. KATAYAMA, J.F. PAULSON and T.L.
ROSE,tAir Force Geophysics Laboratory.--Absolute cross
sections have been measured for the phOtOdlSSOClatlon re—
action Aro? (x27; ut) v+ hoy + Ar,* (2 Zg+) + ArT( Py) + Ar.
A 500 eV, mass analyzed beam of Ar2 produced by the
Hornbeck-Molnar reaction in an electron impact ionization
source was crossed at right angles with a pulsed light
heam from a tunable dye laser. The photofragment ion was
detected with a 50 cm quadrupole mass spectrometer which
permitted low resolution energy analysis by the time-of-
flight technique. The shapes of the TOF Ar' peaks for
polarization of the laser beam parallel and perpendicular
to the ion beam direction confirmed that the transition
being observed was prlmarlly 7 - % ., Substantial cross
sections (10”17 107 8cm2) were measured over the wave-—
length range of 290 to 670 nm. The results will be dis-
cussed in terms of the theoretically calculated cross-—
section and the vibrational population of the Ar2+ ground
state.

* Supported in part by the Defense Nuclear Agency.

+ NRC-NAS Senior Post Doctoral Research Associate
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BA-5

Photodissociation Cross Sections of Ar2+, Kré+, and
Xe,t from 6950 to 8600 R." L. C. LEE, G, P, SMITH, T.M.
MILLER, and P.C. COSBY, Molecular Physics Center, SRI
International--The absolute total photodissociation cross

sections of Ar2+, Kr,t, and Xest, which are identical to
the absorption cross sections at these wavelengths, have
been measured from 6950 to 8600 2. The noble-gas molec~
ular ions were produced from a drift-tube mass spectrom-
eter, and were irradiated by a dye laser. The photo-
dissociation cross section of Ar2+ has a broad maximum
of 0.19 Mb (1 Mb==lQ'18 cmz) at 7200 % and decreases
monotonically to .05 Mb at 8400 2. The shape of the Ar2+ '
cross section agrees quite well with several theoretical
calculations, although the presently measured values are
systematically lower than those of the calculations. The
cross section of Kr2+ decreases monotonously from 2.5 Mb
at 7000 & to 0.6 Mb at 8600 &. The cross section of Xe2+
reaches a maximum of 12 Mb at 7300 R and then decreases
monotonically to 2 Mb at 8600 2.

*This work supported by the National Science Foundation.

BA-6
UV Absorptions of Rare Gas Ions in E-Beam Pumped
Rare Gases,” R. O. HUNTER, J. OLDENETTEL, C. HOWTON,

Maxwell Laboratories Inc. and M. V, McCUSKER, SRI Inter-

‘national--The transient absorption spectra of electrom

beam pumped argon and argon/krypton mixtures have been
measured in the wavelength region between 240 and 400 nm.
The e-beam parameters were: 200 cm x 20 cm, 1.5 A/cm?
and 350 KV, 500 ns duration. The excited gas was probed
with a frequency doubled N, pumped dye laser, 350 ns
after initiation. 1In pure argon at 1470 torr, the peak
absorption feature is at 292 nm, with a FWHM of ~ 90 nm,
and an absorption coefficient of 1.7 x 1072 em”l. This
feature is due to Ari+. In the argon/krypton mixture of
1470/50 torr the peak is at 325 om, with a FWHM of

~ 100 nm, an absorption coefficient of 0.9 x 10'2 cm
and is due to Kr2+. Comparison of these absorptions
with several recent theoretical computations of the
absorption spectra of Ar,t and Kr + will be made. The
presence of non-saturable absorbers in a laser medium,
for example argon, krypton, fluorine, may severely limit
the extraction efficiency.

*Supported by DARPA through U,S. Army BMDATC.

=1
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BA-7

Absorption Processes and Molecular Ion Kinetics
in E-Beam Excited Rare Gas Plasmas, J. B, WEST and
W.H, LONG, JR., Northrop Research & Technology -
Center, Hawthorne, Ca.-- Experiments to investigate
absorption at 249 nm in electron beam excited rare
gases have been carried out. In these experiments, the
rare gas (either Ar, Kr, or Xe) was excited by a 20 ns
pulse of 1 MeV electrons at 400 Afcm?, Absorption was
probed with a KrF laser at 249 nm, Data taken over a
pressure range of 1 to 7 atms show a nonlinear behav-
ior of absorption with total pressure. For Kr and Xe,
the observed absorption saturates at about 6.5 and 5.5
atm, respectively. The probable identity of the absor-
ber is the diatomic ion Arf, Kr,, etc. A model will
be presented to explain the pressure dependence of the
absorption in terms of the diatomic ion concentrations.
Implications for the performance of excimer lasers
such as Kr¥", Krz"‘, and Xezq‘ will also be discussed.

BA-8

CF_ Absorption in KrF Discharge Lasers.¥
J. GOLDHAR and J. R. MURRAY, Lawrence ILivermore
Laboratory. Spectroscopic investigations suggest
that the well-known hole in the KrF fluorescence
spectrum at 248.8 nm, as well as several other
absorptions across the peak of the KrF fluorescence
band., are caused by absorption into the 060-000
band of the A-X transition of CFp radicals formed
in the laser discharge. Elimination of these
rather stable radicals will therefore be required
if efficient KrF lasers are to be operated in
closed cycle systems. Absorption by atomic carbon
is also observed.
*Supported by US ERDA Contract W-TLW05-Eng-48.
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BB-1

: " A Complex Impedance Model of an Flectrodeless
Discharge, Paul Haugsjaa, William McNeill, Robert Regan,
GTE Laboratories, Inc., Waltham, Massachusetts

A simple channel model of an electrical discharge has
been used to determine the microwave impedance of an
electrodeless high-pressure mercury discharge. The
dependence of discharge impedance on the electrical con-
ductivity of the discharge, the attenuation factor, the
propagation constant and the extent of the discharge will
be described. The derivation of the TM mode propagation

parameters for a cylindrical electrodeless discharge,
which was used in these calculations, will be discussed.

Knowledge of the complex discharge impedance has allowed
‘the development of a new and efficient way of coupling
microwave power into an electrodeless discharge.

BB-2

Interaction of Microwaves with High-Preggure
Discharges, William McNeill, Paul Haugsjaa, Robert Regan,
GTE Laboratories, Inc., Waltham, Massachusetts

Microwave power has been efficiently coupled into high-
pressure discharges. Theoretical and experimental
details of how this coupling has been accomplished will
be discussed, In particular, the field configuration in
a coaxial,highly overdense, collisional plasma and the-
arc physics of high frequency, electrodeless discharges
will be analyzed. The discharge consists of mercury
plus metal-halide molecules for tailoring the emission
spectrum. Typical pressures are 1 - 4 atm. Means for
achieving arc isolation from discharge vessels using
field shaping will be presented. A model, based on the
classical conductivity of a plasma, will be showm.
Comparison to dc and low frequency ac discharges will
be made,’
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BB-3

Spectrometyric Gasg Compogition Measurements of UFg RF
Plasmas®, WARD C. ROMAN, MARTIN F. ZABIELSKI, United

Technologies Research Center -- Experiments and associ-
ated diagnostics are discussed in which an rf heated
argon confined uranium plasma was investigated using
‘both off- and on-line gas composition diagnostic tech-
niques. Both infrared and mass spectrometric (Time-of -
Flight) techniques were employed to quantitatively deter-
mine the concentration of UFg and other gaseous consti-
tuents. In all tests, pure UFg was used as the source of
uranium atoms and the tests were conducted in the UTRC
1.2 MAd rf induction heater facility. The plasma was &
fluid-mechanically confined vortex type approximately
3-cm-dia and 10-cm-long contained within a water-cooled
fused-gilica cylindrical test chamber, Power levels of -
approximately 50 kKW, chamber pressures 1-3 atm, and test
times 1-6 min., were employed. Results indicated the
feasibility of employing both on-line diagnostie techni-~
ques; however, the mass spectrometric system possessed
several distinect advantages.

*Sponsored by NASA Langley Research Center,
Contract NAS1-14329.

BB-4

THERMODYNAMIC AND TRANSPORT PROPERTIES OF UF, AND

UFgq + Ho MIXTURES. .R. W. Liebermann and C. L. Chen,
Westinghouse R&D Center, Pittsburgh, Pennsylvania, 15235,
USA - Thermodynamic and transport properties of UFg and
UFg + H, gas mixtures were calculated at atmospheric
pressure and temperatures of 800 to 20000°K for atomic
ratio UsF = 1:6 and U:H = 1:0 to 1:6. The results include
molar fractions of the chemical species (i.e., molecules,
atoms, positive ions, negative ions and electrons) as
well as enthalpy, specific heat, viscosity, thermal
conductivity and electrical conductivity. The present
caleulations include all known condensable species. The
thermochemical properties and gas collision interaction
parameters used for each chemical species considered are
reported. Comparison of our results with limited experi-
mental data and other calculations are also made.
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BB-5
THERMODYNAMIC AND TRANSPORT PROPERTIES OF SFg. R. W.

Liebermann and C. L. Chen, Westinghouse R&D Center,
Pittsburgh, Pennsylvania 15235 - The equilibrium
compositions together with interaction integrals between
chemical species were used to calculate the transport
properties of SF In particular the heats of formation
of SF4, SF and gF were adjusted until the computed
thermal conductlvi%y agrees with the Motschmann's experi--
mental data in the temperature range of 2300 to 4500°K,
the derived heats of formation are: (SF ) =

-185.2 Real/mole, AH,o,(SF,) = -117 Kcaf?mole and

and AH (SF ) = 6§ Ecal/mnle. The equilibrium
composiglons and transport properties were then used to
calculate the temperature profiles of low current arc in
SFg. The predicted profiles are in good agreement with
those observed experimentally.
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CA-1 :
; Kinetic Model of an XeF* Laser.* L.J.PALUMBO, T.F.
FINN' and L.F.CHAMPAGNE; Naval Research Laboratory. -~

A computer code has been developed to describe the opera- |
tion of the NRL long pulse XeF* laser for both direct
e-beam pumping and e-beam-controlled discharge pumping.

The code takes into account e-beam and discharge energy
deposition, XeF* formation and quenching channels, and
Taser light extraction and absorption. The XeF* spon-
taneous 1ifetime and quenching rates recently measured

at NRL are used. Predicted absorption, gain, and laser
output compare well with experiment. The details of the
formation kinetics and processes which limit laser effi-
ciency for both the e~beam pumped and the e-beam sus-
tained cases will be discussed.

*Work supported in part by DARPA

Science Applications, Inc., Ariington, VA

CA-2 .

Formation and Quenching Kinetics of XeF*'in
E-beam pumped Ne/Xe/F, Mixtures. M. ROKNI I,
J.H., JACOB and J, A, NGANO, Avco Everett Res,
Lab,, Inc. |1 == The kinetics of the XeF* formation
and quenching were investigated by irridating mixtures
of Ne/Xe/F, with high energy electrons. The fluores-
cence emanating from these mixtures was studied as a
function of mixture ratio and pressure. In particular,
the spectroscopic data indicates that the formation
processes of XeF™ in Ne rich mixtures is different
from the formation process in Ar rich mixtures. The
possible formation channels in Ne mixtures will be
discussed. " The dominant quenching processes of the:
upper laser level associated with Ne were identifiedl
and the rate constants were measured to bel

¥ -
XeF + Xe + Ne — products 7. 7Tx 10 31 cm3/s_ec:
XeF* 4 2Ne ~» products 2.7 x 10733 em3/fsec
tOn leave from Hebrew University of Jerusalem,

Israel,
tiSupported by Advanced Research Projects Agency

and monitored by the Office of Naval Research.

IM. Rokni, J.H. Jacob, J. A, Mangano and R, Brochu,
Appl, Phys, Lett. 30, 458 (1977). :
2G. J, Eden and S. K. Searle, 3rd Summer Colloquium.
on Electronic Transition Liasers, Snowmass, CO (1976)
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CA-3 -
Absorption in E-beam Pumped XeF* Laser
Medium with Ne and Ar Diluents. M. ROKNIT,
J.H, JACOBRB and J. A, MANGANO, Avco Everett
Res. Lab., Inc. TT--The abs orption in E-beam pumped
Ar/Xe/F, and Ne/Xe/Fy mixtures was measured using
a flashlamp pumped dye laser at 340 nm. The photo-
absorption of the active medium affects the extraction
efficiency and the length scaling of the laser. The gas
mixtures were excited by a 150 keV, 5A/cm2 beam of
fast electrons. The pumping conditions and gas mix-~
tures used were typical of E-beam pumped XeF lasers,
Our results confirm that the absorption in Ne diluted
" mixtures is appreciably simallér than in Ar diluted =~
mixtures.] Data was obtained for a wide variety of
mixture pressures and ratios., Using our kinetic
model?s , the results were analyzed and the dominant
absorbing species were identified,
tOn leave from Hebrew University of Jerusalem,
Israel. '
TTSupported by Advanced Research Projects Agency
and monitored by the Office of Naval Research.
1L. F. Champagne, 7th Winter Colloquium on High
Power visible Lasers, Utah (1977).
ZM. Rokni, J.H, Jacob, J.A. Mangano and R. Brochu,
Appl. Phys, Lett. 30, 458 (1977).
3M. Rokni, J.H. Jacob and J, A, Mangano, preceding

paper. :

CA-4
Investigations of XeF ILaser Characteristics

with Ne and Ar Diluents. J. HSIA, J. A, MANGANO,
M., RORNI®, A, HAWRYLUK and J.H, JACOB, Avco
Everett Res. Lab., Inc.**-_A comparison of laser
results from E-beam pumped mixtures of Ne/Xe/NFj
and Ar/Xe/NF3 will be presented. The improved laser
performance using Ne diluent is a2 result of two main
reasons: (1) decreased absorption of active media and
(2) Ne quenches XeF¥ more slowly than Ar. Factors
that may affect the XeF laser extraction efficiency
will be discussed in detail, These include: {a) the

- finite vibrational relaxation time of the upper laser
level, (b) the finite lifetime of the lower laser level,
‘and (c) the excited and ionic states absorption.
Experimental results indicating the relative impor-
tance of these factors will be discussed. Possible
methods of improving the XeF™ laser performance by
minimizing the adverse effects will be presented.
*On leave from Hebrew University of Jerusalem,
Israel.

*¥Supported by Advanced Research Projects Agency
and monitored by the Office of Naval Research.
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CA-5

Multiatmosphere Operation of the KrF Laser in
Neon Diluent. L.F. CHAMPAGNE, Naval Research Laboratory.
-- The experimental results for the long pulse KrF laser
in neon diluent will be presented. The threshold pum-
ping current required to obtain stimulated emission is -
reduced by a factor of 2 when neon is used as the
diluent in place of argon., For egual energy input to
the gas 5% J/% is extracted in neon as compared to
43J/% in argon in a 0.5 ps optical pulse. Small signal
gain and absorption measurements will be discussed and
compared for the two diluents.

CA-6

Theoretical Model for uv-Preionized Fast Transverse
Discharge KrF Lasers.®* A. E. GREENE, C. A. BRAU, Los
Alamos Scientific Laboratory. - A theoretical model has
been developed to examine the behavior of small, uv-
preionized, fast transverse discharge KrF lasers. This
model integrates the time-dependent circuit equations
for the discharge, the kinetic equations for the Impor-
tant atomic and molécular species and electrons, and the
equations describing the growth of the spontaneous and
stimulated radiatiomn.

Earlier results for ArF lasers will be reviewed
briefly to compare them with new results, thecretical
and experimental, for KrF. The model has been used to
examine the effects of medium self-gbsorption including
photo-dissociation of Fy and: Krjt, photodetachment of
F~, and photoionization of Kr*. The possible effects
of electron impact equilibration of the KrF excited
states will also be discussed.

#
Work supported by USERDA.
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CA-7

Parametric and Scaling Studies of Spark-Preion-
ized Discharge~Excited Rare-Gas Halide Lasers
D.E. ROTHE, Northrop Research & Technology Center,
Hawthorne, Ca,~- UV preionized discharge-excited XeF
and K¢F lasers have been operated with a number of
fluorine donors, including F,, NFg, NpFy and SFg. Re-
sults of a parametric study of experimental laser per-
formance as a function of gas composition, total pres-
sure, electrode voltage and energy loading are present-
ed, The effects of easily ionizable seed gases and pulse
delay times were also studied. Lasing pulses obtained
from a 0.3f and a 1. 0f discharge volume gave specific
pulse energies of approximately 1 J/f from KrF and
0.5 J/f from XeF with pulse durations as long as 100ns,
Results indicate that ion recombination reactions are at
least as important as metastable reactions for XeF™ and
KrF* excimer formation, An analytic scaling study,
based on experimentally determined discharge param-
eters, shows that multikilowatt high-PRF XeF and KrF
lasers may be possible with present technology.

CA-8

Electron Kinetics of Rare Gas Halogen Lasers. ¥
W. L. MORCAN, JILA, Univ. of Colorado and NBS, and
R. A HAAS and R. D. FRANKLIN, Lawrence Livermore
Laboratory. An electron Boltzmann analysis has been
developed which includes the production and loss of
electrons due to ionization and attachment in a self-
consistent manner. In addition, a source term for
secondary electrons has been provided which includes
the effect of electron beam excitation. The source
term is calculated using a discrete slowing down approx-
imation. This composite method allows accurate parti-
tioning of electron beam energy into various collisional
excitation channels. This electron kinetics analysis has
has been combined with a heavy particle kinetic code to
study the electron kinetics of electron beam and/or
electric discharge excited rare gas halogen laser media.
The results of this analysis will be presented and
discussed in the context of laser fusion & plications.
¥Supported by US ERDA Contract W—ThOS—EngJEB.
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CB~1
Initiation Processes of Cathode Spots in Vacuum
Arcs. J. MITTERAUER, University of Technology, Vienna.--

Notwithstanding the different methods to initi-
ate a vacuum~discharge, the general feature of
cathode spot initiation is assumed To be a very
localized evaporation at the cafhode micro-

structure at high current densitles. The most
fynieal %gamglg_ig'the.explasionlike,evanorat—
jon of a cathode microprotrusion due to the
thermal effects of high current density field
emission in cathode induced vacuum=-breakdown.
Tn order to analyse the dgnamics of this ini-
tiation process in detail, computer simulation
of the non-stationary electrical and thermal
response of a typical field emitting micropro-—
trusion was performed using computational
methods of control theory.

Based on experimental investigations of non-
stationary cathode spot characteristics, the
results of this computer simulation were gen-
eralized to a 'dynamic model' of cathode spot,
considering a substructure of the macroscopic
spot consisting of consecutive individual
breakdown events at the cathode microstructura.

CB-2
~Calculated Characteristics of Isolated, Stationary Cath-
" ode Spots on Copper Electrodes. L.P. HARRIS, General
Electric Corporate R&D.--An earlier theory of cathode
spot operation that models the flows of ions, atoms and
electrons associated with a single cathode spot by use
of the usual plasma constitutive relations and conserva-
tion laws for charge, mass, momentum and enerqgy has been
improved through the inclusion of plasma thermal ioniza-
tion of evaporated atoms as well as beam ionization.
For copper, this change gives higher voltage require-
ments at low spot currents, lower preferred current
densities (=10 A/cm?) and correspondingly larger pre-
ferred currents (=100 A). The calculated average ion
multiplicities (=1.7) and fractional ion currents
(=0.11) of the preferred spots agree better with experi-
mental measurements. The calculations are being
extended to include electron—ion recombination in the
expanding flow of plasma from the spot and to other
electrode metals.
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CB-3

Cathode Spot Properties of a DC Mercury
Vacuum Arc., GISELA ECKHARDT, Hughes Research
Labs - -Ensembles of anchored cathode spots of a dc
mercury vacuum arc have been studied as a function of
several parameters by fast framing and streak photo-
graphy. From these photographs, some statistical
properties of the cathode spots have been determined:
distribution functions for their diameters, velocities,
and displacements, as well as average values for the
current they carry and its density. For the parameter
variations used in this investigation, a most probable
value of 14.7 pm was obtained for the spot diameter,
the average current per spot varied between 0.7 and
2.5 A, and the cathode spot current density was com-
puted to span a range from 4 x 10° Alcm? to 1.5 x
10° A/cm”. The spots appear to execute two principal
types of movements: rather rapid minute displacements
about their position and a slower drift motion. No
evidence for the existence of 2 microstructure within
the individual cathode spot was found at an optical
resolution of 0.37 pm.

CB-4

Erosion Products from the Cathode Spot Region
of a Copper Vacuum Arc, D. T. TOMA*, C. L. CHEN and
D. K. DAVIES, Westinghouse R&D Center—-Combined elec-—
trical, optical, and spectroscopic measurements have
been used to determine the total flux, ion flux,
particle flux, and neutral atom flux emitted from the
cathode spot region of a copper vacuum arc of 80 A
total. éurrent and 2. sec. duratiom. It is found that the
cathode erosion products comsist predominantly of ions
and particles, the contribution of neutral atomic flux
being less than 1% of the total flux. The total and
particle flux distributions are peaked in the direction
of the cathode plane whereas the iom flux distribution
ig forward peaked. However, both ions and particles
are detected in the cathode shadow, a result which is
contrary to the hypothesis of purely collisionless
transport of cathode erosion products. The neutral atom
density measurements are consistent with a model assum—
ing the source of the wvapor to be evaporation in flight
from the hot particles emitted from the cathode spot
region. The size distribution of the particles has a
maximum for particles of diameter in the range 0-lpm.

*Carnegie-Mellon University
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CB-5

Méasurement-of the Angular Distribution of the Ion

Current From a Vacuum Arc. J.V.R. HEBERLEIN, Westing—
hiouse Rlectric Corp., RE&D Center .~~A dc vacuum discharge
was surrounded by four concentric cylinders at different
heights above the cathode plane. The ion currents to
these cylinders were recorded, and their values per unit
solid angle were determined as a function of the angle O
from the surface normal of. the electrode, Arcing currents
ranged from 80A-1600A, and thé gap-andde diameter ratio
varied from 0.4 to 1.7. For values of O between 40° and
90°, the results show that the cathode ion currents per
unit solid angle decrease with increasing angle ©. This
decrease becomes less promounced as the current is
increased. The total iom current from the cathode
increases very little if the gap-anode diameter ratio is
jncreased. This indicated that the ion current per unit
golid angle which is intercepted by the anode is less
than the corresponding value measured by the adjacent
probe. One explanation for this observation would be
peaking of the ion current per unit solid angle for an
angle O < 40°. The ion currents emitted from the anode
spot seem to have a more uniform angular distribution
for @ > 500°.

CB-6 _
Anode Heat Fluxes During the Initial Phase of Pulsed High

Intensity Arcs*. D. Johnson and E. -Pfender, Department
of Mechanical Engineering, University of Minpesota. '
A previously developed method for measuring quasi-
steady local anode heat fluxes in high intensity pulsed
arcs has been extended to investigate the initial trans-
ient period of such arcs. This extension requires a
suitable model which is'derived_from hizh speed streak
photographs of the arc and the measured temperature—time
history of the rear face of a thin anode. The input heat
flux model consists of linked segments of linearly time-
varying heat fluxes. Results for 5 kA arcs in atmospher-
ic pressure argon indicate initial transient heat fluxes
up to 4 x 109 W/n? followed by quasi-steady heat fluxes
of approximately 1 x 108 W/m?. At reduced pressures the
heat fluxes are also somewhat reduced.

(1) J.L. Smith and E. Pfender, "New Technique for
Measuring Extremely High Heat Transfer Rates to
Surfaces,” Rev. Sci. Instrum., Vol. 47, No. 9,
1056-1058, 1976.

*Supported by NSF Grant ENG 71-02478 AOl.
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CB-7

Ion and Neutral Excited State Densities of
Multi-Cathode=8pot Vacuum Arc
R. Boxman and S. Goldsmith, Tel Aviv University

Excited state densities in the interelectrode plasma pro-
duced by a 1.1 kA peak current 0.65 ms HAFW discharge
between Al butt electrodes, 10 mm diam spaced 4.4 mm
apart and located in a vacuum ambient, were determined by
measurement of the absclute line intensities. 2Densities
at mid-pia e near peak currept for the A1 T 3s 4i4 s,
A11§I 3p s aniﬁAl III 4p “P states were 8 x 107, 2 x
107", and 3 x 107 respectively. Densities in Al II and
Al TII states studied could be described by distribution
temperatures of 1.1 and 1.3 eV respectively. As a func-
tion of distance from the cathode, A1 I and Al II densi-
ties declined from their maximum near the cathode, with
the Al I density rising slightly near the anode, while

Al TIT states generally rose from minimum values near the
cathode; reaching maximums after mid-plane. As a function
of time, Al IIT densities reached a maximum near current
maximum, and then decayed rapidly, while Al IT densities
reached their maximum about 0.2 ms after peak current,
and Al T reached its maximum only at the tail end of the
current pulse, and continued to be present a considerable
time after current zero.

CB=-8
Temperature of the Cathode Region of the
Surge Discharge in vacuum. L. M. Burrage,
Thomas A. Edison Technical Center, McGraw-
Edison Co..,-—- Emission spectroscopy in the
- A span lst order and 2000-2150 A
2nd order has been used to determine the near

cathode arc temperatures for 400 thru 11000
ampere unidiréctional-surge- discharges between
vacuum melted, recrystalized, copper elec-
trodes in a 3x10™® torr ambient. LTE was
assumed to exist. The derived temperatures,
somewhat dependent upon the current magnitude,
range from 5000°K to 6600°K. The temperatures
in the 400-5500 ampere surge discharges,
5000°K to 5260°K,are surprisingly close to the
Corliss’ value for the 10 ampere dc arc in

air at atmospheric pressure.
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CB-9 :

The Effect of Alumina Inclusions on the Break-
down and Emission Properties of Copper Surfaces
in Vacuum., G.A. FARRALL, F.G. HUDDA AND R.H.
JOHNSTON, General E 1ectr1c Corporate R&D.-~We
have studled electrical breakdown in vacuum for
copper electrodes Whlch have been intentionally
contaminated by adding %% by weight of alumina
powder having a size of 500 p, 50 por 5 pu.
Electron emission, pulse breakdown and scannlng
electron microscopy have been used to evaluate
the dielectric characteristics of the surfaces.
Comparison of these results with those obtained
using a zone refined copper surface indicate an
initial degradation of about 30% for the sur-
face containing 50 u particles and little effect
for the surface containing 500 u particles. All
surfaces conditioned to about the same voltage.
Breakdown to all samples containing particles
was clearly associated with metal insulator
boundaries.
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DA-1

Plesma Kinetics in KrF* laser Discharges.”
W. L. Nighan, United Technologies Research Center, «-
Plasma processes in KrF* lasers have been analyzed for
conditions typical of electron-beam sustained discharges.
Particular emphasis has been placed on evaluating the
influence of: electron-electron collisions, electron
collisions with Fp, and electron collisions with meta~
stable atoms. It has been determined that for values
of fractional ionization above appraximately 10“6, e-¢
collisions exert a significant influence on ground state
atom ionization rates and on plasma stability by way of
their effect on the high energy portion of the electron
distribution function, For values of fractional ioni-
zation above about 3x107° electron excitation of meta-
stables to higher excited states has been found to be
an important loss process for rare gas metastable atoms.
In addition, it has been found that direct electron
Impact dissociation of Fo may represent a major loss
process for electron energy and for Fp molecules.
Specific details of these and other processes of impor-
tance will be discussed. * Work performed in part through

the sponsorship of the Office of Naval Research,

DA-2

Discharge Stability and Scaling of the KrF Laser,
W.H, LONG, JR,, Northrop Research & Technology
Center, Hawthorne, Ca,--The discharge power density
in e-beam sustained KrI" lasers is limited by ioniza-
tion runaway leading to arcing, This instability occurs
at well-defined values of E/N depending on gas mixture,
pressure, and e-beam current density. A model is pre-
sented which describes the ion and metastable kinetics
in electronegative gases, A criterion for the existence
of a steady state is derived. The predicted stability
limit in Ar-Kr-F, mixtures is in excellent agreement
with experimental observations for e-beam power den-
sities between 0,1 MW /cm3 and 1 MW /cm3., Nonuni-
form e-beam deposition also leads to instability bycre-
ating regions of high electric field strength where ion-
ization runaway begins, Even slight nonuniformities can
severely limit the discharge power loading. The most
effective means of achieving uniform deposition over
large volumes is through the use of opposed e-beams,
With this technique, it is expected that 40 J// can be
extracted from KrF with an enhancement factor of four
at low e-beam current densities,
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DA~3 :

Quasi-Steady Operation of Self-Sustained Rare Gas-
Halide Discharges. G.L. ROGOFF, L.E. KLINE, J.L. PACK,
and W,H, KASNER, Westinghouse R&D Center®*--Quasi-steady,
self-sustained glow discharges have been established in
0.5% SF6/5—15% Kt/He mixtures at 100-800 Torr. With uv
preionization through a planar screen anode, diffuse dis- -
charges have been maintained for up te 1 usec, the limit
of the pulse-forming network used. Measured electric
fields in the positive column agree well with fields
calculated from a steady-state model based on electron
production by one- and two-step electron impact ioniza-
tion of Kr and loss by attachment to SFg. The discharge
duration is limited above some values of pressure, Kr
concentration, and/or current density by the glow-to-arc
transition, i.e., by filament formation within the dif-.
fuse glow. The observed quasi-steady discharges violate
a predicted stability criterionl generalized to include
the effects of single-step ionization. That criterion
apparently describes the onset of a bulk instability
corresponding te a negative V-I characteristic. This
effect is stabilized with appropriate circuit ballasting.
*Supported in part by US ERDA Contract EY-76-C-02-4030
11.D. Daugherty, J.A. Mangano, and J.H. Jacob, Appl.
Phys. Lett. 28, 581 (1976).

DA=4

TIME-RESQOLVED DISCHARGE DEVELOPMENT IN HIGH
PRESSURE, GLOW-DISCHARGE EXCIMER LASERS, W.J.
Sarjeant, A.J. Alcock and K.E. Leopold, National
Research Council of Canada, Ottawa, Canada K1A ORé6
Preliminary results are reported on the time-
evolution of the discharge plasma in a 6 atm,
glow-discharge excimer laser system. Streak
photographs of the discharge are correlated
with the evolution of breakdown in a surface
spark gap used to transfer the stored electri-
cal energy into the discharge. The data ob-
tained are used to investigate the effects of
gas composition (Kr, Xe, Ar, F,, NF, and He), type
of excitation circuitry and surface spark gap
operating pressures and gas mixtures. The sig-
nificant parameter for obtaining glow-discharges
was determined to be the number of simultaneous
channels in the surface spark gap. Detailed
results covering discharge development in both
the surface spark gap and the laser discharge
will be presented. The significance of the
latter from a scaling point of view in both
excimer and other fast-discharge laser systems
will be discussed. :
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DA=5 3 : .
. Hollow Cathode Discharges in Electronegative
Gases.® S. GRIFFIN, M., SIMMONS, J.T. VERDEYEN, B.E.
THERRINGTON, Gaseous Electronics Laboratory, University
of Illinois, Urbana, IL 61801,--~Experiments will be
described. involving the excitation of mixtures of rare
gases with NF, and SF, in a hollow cathode geometry.
Whereas a positive column discharge is striated and un-
stable with these gases, the hollow cathode discharge is
stable even with large percentages (> 50%) of the attach~ -
ing gas. Preliminary studies of a 1 cm OD x 10 cm long
hollow cathode discharges have been performed for mix-
tures of Xe and NF,. Power loading greater than

1 kW/cm® has been achieved and the spontaneous fluores-
cence shows an intense well developed XeF excimer band
even at the low pressures used.

*
Work supported by the Army Research Office,
Durham, NC.
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bB-1

Temperature Profiles and Fluctuation lLevels Mea—
sured in an Are in an Axial Gas Flow, J. F. Driscoll, R.
W. Anderson, K. P, Zondervan, K. L. Zondervan, Univ. of
Michigan--Interaction between an electric arc discharge
and a coaxial supersonic nitrogen flow was investigated
by measuring radial temperature profiles and fluctuations
in arc temperature, diameter, and voltage. A 200 ampere
D.C. arc was stabilized axially in a supersonic nozzle at
4 atm reservoir pressure. A polychromator and rotating -
mirror were synchronized with gated digital recorders
capable of 10 nsec sampling of arc emission intensity.
Temperature determination using the emission line ratio
technique proved most straightforward in this case, using

NIT multiplets at 5679A and 4793A, if background radia-
tion is carefully subtracted. Two mechanisms resulting
in large plasma fluctuations were observed. At the
throat, fluctuations in arc voltage and diameter were
<10%; however, light intensity fluctuations were large
(40%) indicating convection of nonuniform regions of
plasma. Downstream fluctuations in arc voltage, dia-~
meter, and light Intensity were considerably larger, be-
lieved due to turbulence promoted by large gradients of
plasma velocity.

DB-2

Experimental and Theoretical Study of a D.C. Arc
in a Constant Diameter Nozzle Flow. H. T. Nagamatsu,
General Electric Co., Corporate Research & Development --
The cold flow field for a 1.27 em constant diameter noz-
zle was determined for subsonic and transonic flow
velocities. 1In addition, d.c. arc voltage, current and
diameter measurements were made for an arc gap of 5.52 cm
and a current of approximately 100A. Arc voltage in-
creased rapidly as the flow velocity increased from zero
to sonic veloeity. Using a channel flow model with con-
stant arc temperature and the energy integral for the
convective cooling, analytical expressions were derived
for the arc radius, electric field strength, arc voltage,
resistance, and power as functions of the cold flow
properties, current, and axial distance. Caleculated arc
voltages, resistances, and powers compare favorably with
measured values.
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DB-3

Dielectric Recovery Rate of Repetitive Discharges
in a Transverse Gas Flow, J.F. DRISCOLL, Univ. of Michi-
gan—--Numerical predictions of dielectric recovery rates
are described for repetitive (100 pulses/sec) kiloampere
discharges in a transverse air flow of 6000 cm/sec. Nu-
merical solutions of the simplified conservation equa-
tions predict the time history of spacially averaged arc
temperature, arc radius, and arc .length, Results show an
fattial peak in arc radius and temperature corresponding
to the peak in the 32 microsecond current pulse, followed
by the effects of radiative cooling, convective cooling
and length variations of the travelling arc. Predicted
dielectric recovery rate of the plasma column increases
by increasing flow velocity, and in fact, by decreasing
electrode spacing to optimize the gasdynamic effects. In
a parallel experimental effort, high speed photographs
(106 frames/sec) of the discharge reveal a slanted arc
with an attached anode root and cathode root convected
downstream. Reasonable agreement is obtained between
calculated and measured time variations of arc diameter.

DB-4
INVESTIGATIONS OF THE DIELECTRIC BREAKDOWN OF
SF-6 AT HIGH TEMPERATURES. B.Eliasson and
E.Schade, Brown Boveri Research Center,
CH-5405 Baden, Switzerland.
In the wake of a SF-6 cross flow arc measure-
ments have been made of the break-down voltage
and the pre-breakdown currents as a function
of temperature (T<2300K, p=2 bar, v-flow = 80
"m/s). The electrical field was homogenous. The
currents were in the range of mA. A theoreti-
cal model which takes the space charge due to
the high temperatures into account has been
solved. The ionization and attachment coeffi-
cients (o,n) were calculated as a function of
field and temperature. It is shown how the
breakdown voltage drops with increasing space
charge.
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DB-5

Transpert Mechanisms in the Anode Region of High Inten-
sity Arcs*. 'C.H. Liu**, E. Pfender. Department of
Mechanical Engineering, University of Minnesota. -- Arc
behavior. and anode erosion at high current levels are de-
termined by the interaction of thermal, electric, magnet-
ic and fluiddynamic effects in the anode region. 1In
order to assess the relative importance of these’ effects,
the highly non-linear conservation equations for the
anode region of rotaticnally symmetric arcs have been
solved numerically for currents between 100 and 500 A
with argon and nitrogen at atmospheric pressure as work-
ing fluids. The results indicate that enthalpy transport
by the electron current and convective cooling due to the
development of an anode jet are the dominating transport:
mechanisms in axial direction. The individual contribu-—
tiong to the energy balance reflect the characteristic
behavior of the transport coefficients and thelr temp-
erature dependence.

* Supported by NSF grants ENG 71~ 02478 A 01 and
ENG 77 - 04108.

%% Now with Owens—Corning Fiberglass, Granville, Ohio.

DB-6

Calculation and Experimental Procedures in Turbulent
Arcs*, Y~K CHIEN and D.M. BENENSON, State University of
New York at Buffalo—ﬁDetermlnatlon of spatial (r) dis-
tribution of time-averaged temperature (<T>), particle
dengities (<n_> and <n_>) and of fluctuations (<8“T>)},
(<6“ng>), etc. in a turbulent DC plasma involves develop-
ment of appropriate analytical models and related experi-
ments. Three models (extengions of Schreiber and Hunter)

are discussed. All models (1) use relations for line and
continuum emission coefficients and (2) introduce the
turbulent aspect by expressing the variables of interest
as sum of time-averaged and fluctuating components,

Model I uses only equations cited in (1) above. In addi-
tion to (1), Model II employs the Saha equation. Model
ITI uses (1), the Saha equation, equation of state and

an assumed relation between pressure and temperature
fluctuations. The assumptions, restrictions, and asso-
ciated requirements upon experiments (number of indepen-
dent measurements involving line, continuum, and cor-
relations) will be described.

%
Research supported by National Science Foundation grant
ENG76-17009, General Electric Foundation, and Electric
Power Research Institute Contract RP246-2,
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DB-7

Acoustical Resonances in Cylindrical
Cesium Arcs, Harald L. Witting, General
Electric Corporate Research & Development,
Schenectady, NY—-Cesium and cesium—xenon arc
discharges were operated in cylindrical arc
tubes at 20 to 200Torr and at 1 to 3A rms.
The frequency of the AC current was varied
between 1l -and 50 kHz at constant input power.
It was found that at certain "resonance
frequencies" the arc becomes unstable and
assumes characteristic stationary or oscil-
lating shapes. The arc deflection and the
frequency interval of the resonances increases
with pressure. The resonance frequencies are
compared,with previous data on sodium dis-
charges and with a refined theoretical model.

1. H.L. Witting, Bull. Am. Phys. Soc. 20, 245,
1975.
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FA-1

Isotopically Selective Photo—enhanced Dissocia-
tive Attachment in SFg. C. L. CHEN and P. J. CHANTRY,
Westinghouse R&D Center--Production of SFT by dissocia-
tive attachment of very low energy electrdns to SFg is
knownl to be strongly enhanced by increasing the SF, gas
temperature. The expectation2 that this effect can be
produced by direct optical excitation of the vg vibra-
tional mode has been confirmed by using a tunable CW Cosy
laser focussed colinearly with.the electron beam inside .
a room temperature collision chamber. The product ions
are monitored using a quadrupole mass filter. The ob-
served enhancement of the SFy signal by the radiation is
strongly wavelength dependent and is linearly dependent
on the laser intensity, implying 51n§1e photon absorp—
tion. The peak enhancements of the SF5 and 3 SF5
signals are well resolved in wavelength and are separ-
ated by the known isotope shift of the v SF¢ absorption.
Both peaks, however, are red-shifted from thelr respect-
ive room temperature absorption peaks. This suggests
that efficient promotion of the (SF;)* dissociative
decay channel requires a total of two or more vibrational
quanta to be present in the SF6.

1.C.L.Chen & P.J.Chantry,Bull.Am.Phys.Soc.15, 418 (1970).
1.C.L.Chen & P.J.Chantry,Bull.Am.Phys.Soc.21, 172 (1976).

FA-2

Calculatlion of Disscociative Attachment and
Vibrational Excitation in ¥Fo*. R. J. Hall and W. L. Wighen,
United Technologies Research Center, -- Self-consistent
disscciative attachment and vibrational excitation crossg-
sections for F, have been calculated using Herzenberg's
theory of resonance electron scattering. Potential
parameters for the zih negative ion have been varied to
fit the predicted atbtachment cross-sections to available
experimental rate constant data. The best fit was ob-
tained for a negative lon potential curve which crosses
that of the ground state in the vieinity of the equili-
brium internuclear separation, and which has a width
of 0.3-0.4 eV. The associated tobal vibrational cross-
section has a peak of about 2.5 x 1016 cm? at an inci-
dent electron energy of 0.5 eV, and decreases to a value
of about 1017 cm? in the 2.0 to 3.0 eV range. A strong
dependence of the attachment rate on Fo vibrational
level is predicted.

*Work performed in part through the sponsorship of the
Office of Naval Research,
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FA-3 S :
Attachment of Slow Electrons to Br, and HBr, Daniel
W. Trainor and M.J.W. Boness, Avco Everett Research Lab~
oratory, Inc.-- Electron attachment to Bro and HBr has
been studied over a range of E/P values using a high=
pressure electron beam sustained gas discharge apparatus.
Experiments were performed in gas mixtures containing the
attaching specie and a large excess (# 99%) of Np which
was included to control the electron temperature. Total
gas pressure employed was in the range 1/2-1 atm., Attach-
ment coefficients were obtained from an analysis of the
steady-state discharge current which for strongly attach-
ing species is determined by the balance between attach-
ment and lonization, Values of the dissociative attach-
ment rate constants at an average electron energy of

1.0 eV for Br, and HBr were found to be 1.0 x 10-10
cm3/sec and 8 x 10-10 cm-/sec respectively. Using the
known electron energy dependencies of the dissociative
attachment cross sections, a Boltzmann computer program
has been exercised in order to estimate the magnitudes

of the dissociative attachment cross sections for Br2 and
HBr,

*Work supported by Avco Everett Research Lab., Inc.

FA-4

Electron Attachment to Polymers of Nitrous
Oxide and Carbon bioxide.® CORNELIUS E. KLOTS and
R. N. COMPTON, Health & Safety Research Division,
Oak Ridge National Laboratory, Oak Ridge, TN 37830
—— We have studied electron attachment to polymeric
species formed in the adiabatic expansion of nitrous
oxide and of carbon dioxide through a sonic nozzle.
We note: (1) The absence of 0 formation via
attachment to vibrationally - excited monomers;
(2) Formation, by evaporative electron attachment,
of species such as (C02) , with n > 2, and CCl,
(from CCl, impurity in the carbon dioxide); (3) A
clarification of the mechanism of three-body attach-
ment of electrons to nitrous oxide.
*Research sponsored by the Energy Research and
Development Administration under contract with
Union Carbide Corporation.




FA-5
Electron Affinities of Strongly Polar

Molecules.* W. R. GARRETT, Health & Safety Research
Division, Qak Ridge Natiomal Laboratory, Oak Ridge,
TN 37830 -- Through a number of theoretical studies
the critical electron binding properties of polar
molecules have been rather thoroughly elucidated.
However, for practical purposes the experimental
observation of certain stable negative ion species
may prove to be very difficult or impossible even
though such states can be shown, mathematically, to
exist (with very low binding energies). In the
present study a molecular pseudopotential method
has been used in conjunction with the close coupling
technique to establish general guidelines on the
magnitudes of dipole moments which are required in
order to assure a molecular electron affinity which
is equal to or greater than thermal collisional
energies.

*Research sponsored by the Energy Research and
Development Administration under contract with
Union Carbide Corporation.

FA-6
The Drift Velocity of Low Energy Electrons in Oxygen.

I.D. REID and R.W. CROMPTON, Electron and Ion Diffusion
Unit, Australian National University, Canberra. A drift
tube using a pulsed R¥ electron detection technique has
been constructed to measure electron drift velocities
in attaching gases. The detection system discriminates
between electrons and negative ions and thus permits
the detection of electron swarms in the presence of a
high concentration of negative ions produced by attach-
ment. Measurements of electron drift velocities have
been made in oxygen in the range 0.14 - 1.4 Td at
pressures of 0.20, 0.33, 0.41 and 0.53 kPa using a
differencing technique. These are the first measure- .
ments below 1.0 Td in which a systematic investigation
has been made of the pressure dependence of the
measured drift veloeity. The effects of diffusion and
attachment on the results have been taken into account
and the data are considered to be in error by less

than 5% at 0.14 Td, and 2% at 1.4 Td.
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FA-7

Electron Drift Velocities in Fluorine-Helium
Mixtures.* .S. R. HUNTER, J. FLETCHER+, S. R. FOLTYN, and
K. J. NYGAARD University of Missouri-Rolla.-- We have
produced a burst of photoeIectrons by means of light from
a pulsed Xenon ion Taser (2315 A”; 150 nsec) and mea-
sured the drift velocity of the eTectrons as a function
of E/p from 0.1 to 10 volts/(Torr. cm). The apparent
drift velocity increases as the F, concentration increases
from 0.2 to 1%. This effect is due to a 1oss of low-
energy electrons in dissociative attachment processes and
a subsequent redistribution in the helium buffer gas.
*Supported in part by ERDA.
+Permanent address: The Flinders University of South
Australia.

FA-8

Electron Attachment in Fluorine-Rare Gas Mix-
tures.* K.J.NYGAARD, S.R. HUNTER, and S.R. FOLTYN,
University of Missouri-Rolla, and J. FLETCHER+, The
Flinders University of South Australia.--We have studied
the reaction rate for electron dissociative attachment
in fluorine under experimental conditions prevailing in
rare gas-halide lasers., Measurements have been made in
gas mixtures consisting of 0.1% F2 in He, 1% F» in He,
and 0.2% Fp + 4.8% Kr + 95% He. The pr1nc1p1e of the
exper1ment is to produce a burst of photoelectrons (by
means of a 1ight pulse from a Xe jon laser at 2315 A°)
and subsequent?y observe the motion of all charged
carriers in a well-defined dr1ft reg1on Typically,
we find a value of K = 7 x 10-10 /sec at an average
electron energy of 5eV.
*Supported in part by ARPA/ONR
tV¥isiting Professor
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FA-9

Drift Velocities of Negative Fluorine Ions in
Helium.* J. FLETCHER+, S. R. HUNTER, S. R. FOLTYN, and
K. J. NYGAARD, University of Missouri-Rolla.--We have
produced negative fons in fluorine (by electron dissocia-
tive attachment in Fp) and studied their motion in a con-
stant electric field drift region. The negative ion
drift velocity has been determined for 22 Td >E/N> 1 Td
for total He pressures between 1 and 250 Torr and rela-
tive Fp concentrations between 0.2 and 1%. Our results
fall cons1derab1y below those of Dotan et al.
*Supported in part by ARPA/ONR
tPermanent address: The Flinders University of South
Australia.
11, Dotan, D. L. Albritton, and F. C. Fehsenfeld, J.
Chem. Phys. 66, 2232 (1977).

FA-10

Transport Parameters of a Pulsed Townsend Discharge
in Hydrogen at Elevated Swarm Energies* S.R. Hunter#*¥*,

J. Fletcher, and H.A. Blevin, Flinders University of

South Australia--A new technique has been developed to,
study the drift velocity, the Tateral and longitudinal
diffusion coefficients and Townsend ionization coefficient
fo electron swarms over the E/M range 50<E/N<200 Td. The
technique involves observing the ultra violet photon flux
produced in inelastic collisons between the electrons and
gas molecules, enabling the transport parameters to be
obtained free from any boundary effects. The present
lateral and longitudinal diffusion coefficient measurements
are in considerable disagreement with the results obtained
by other methods. The results of a theoretical Monte Carlo
study will also be given which confirms the validity of the
present experimental technique.

*Submitted by K.J. NYGAARD

**Present address, University of Missouri-Rolla.
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FA-11
Productign and Confinement of Negative
Hydrogen Tons in low Pressure Hydrogen Plasma.
M. BACAL, E. NICOLOPOULOY and H.Jd. DOUCET, Eecole
Polytechrnigue--=It was found that usual methods  for
plasma confinement are unefficient for negative ions.
Hydrogen plasmas with a negative ion density of
~ 1010 &n=3 have been produced in a hybrid magnetic
multipole device. The equilibrium density of H™ ions
in this plasma is calculated taking into account the
known production and destruction processes ; the cal-
culated densities are ~ 108 times lower than the expe-
rimental values. The observed dependence of H™ density
on plasma density indicates that a non-linear H- for-
mation process is dominating. Dissociative attachment
to an excited hydrogen molecule is suggested as a
possible M~ formatien process.
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FB-1

HgCl*(B—X) Emissions at 560 nm From E~Beam Pumped
Ar/He/Cl, Mixtures.. J.A, MARGEVICIUS, M.V. McCUSKER,
D.L. HUESTIS, and D.C. LORENTS, Molecular Physics Center,
SRI International--We have used a 180 keV electron accel-
erator to excite mixtures of argon, mercury and chlorine
additives., We observe a banded emission sharply peaked
at 570 nm that extends blueward to 430 nm. From this
profile we compute a reduced stimulated emission cross
section OpeakTraqg ©f 1.8 x 10-24 cm? sec. Absolute
fluorescence yields have been determined by comparison
with previously calibrated second positive emissions in
argon/N, mixtures. We observe that for 1000 torr total
pressure, the optimum yield of the band is 75% for
Ar/Hg/Cly, 45% for Ar/Xe/Hg/CClA, and 15% for Ar/Hg/CC14.
Under these extremely low current (few pamps) conditions
in our source, the kinetic mechanism that populates the
upper state is via the Hg(3P) and Hg(3S) states., This
mechanism will be discussed, as well as the implications
for HgCl* laser operating conditions.
*Supported by DARPA through the U.S. Army BMDATC.

FB-2

Reactive quenching of Hg(3P150) by halogens and
halogenated molecules, T. SHAY, J. E. VELAZCO, and G, J.
COLLINS, Dept. of Electrical Engineering, CSU~-
We have measured_the rate constants for the reactive
quenching of Hg(SPl) and Hg(3P0) by a variety of halogen
and halogen-containing molecules in reaction of the:
type,

Hg(sPl’o) + RX - HgX* + R, Reaction (1).

In addition, we have also determined the rate constants
for the Hg(3P1) ~ Hg(3Py) intramultiplet quenching
collisions by RX and will report on preliminary results
for the radiative lifetimes of HgX*.

The rate constants were obtained from a series of
experiments involving steady-state and pulsed photolysis
of Hg-RX mixtures at 253.7 nm, while the lifetime
measurements were performed using Phase Shift
Spectroscopy.
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FB-3
Effect of Dissociative Recombination on Steady
State Excited Atom and Electron Densities in High Pressure

 Discharges.* A. V. PHELPS,T DAVID LEEP and ALAN GALLAGHER,T

JILA, U of Colo. & NBS/Boulder.--The theory of collisional-
radiative recombination! is modified to include the effects
of dissociative recombination. At electron and gas den—
sities of interest? radiative transitions canbe neglected,
but the importance of collision induced quenching of in-
tetmediate excited states by ground state atoms is not yet
clear. Excited state and electron densities calculated
using hydrogenic models will be used to illustrate the ef-
fects of these processes. By balancing the energy lossby
dissociative recombination against the power input, one
obtains a moderately accurate expression for the discharge
volt—-ampere characteristic.? The result of combining this
energy balance with the hydrogenic excitation model will
be compared with results calculated using Saha ionization
and with experiment to show the need for more accurate models.

*This work was supported in part by ARPA/ONR and by AFWL.
tStaff Member, Quantum Physics Division, NBS.

l1,, M. Biberman, V. S. Vorob'ev and I. T. Yakubov, Usp.
Fiz. Nauk 107, 353 (1972) [translation: Sov. Phys.-
Uspekhi 15, 375 (1973)].

2H, Rothwell, D. Leep and A. Gallagher, this meeting.

FB-4

High-Power Discharges in Na- and T&-doped Xe.*
H. ROTHWELL, DAVID LEEP and ALAN GALLAGHER,¥ JILA, U. of
Colo. & NBS/Boulder.--Self-initiated, pulsed discharges of
10-200 MW/2 have been operated for geriodsof several us in
1019-1020 em~3 of Xe doped with 101541018 cm3 of Naor TX.
A steady-state volume discharge of typically 100 V/em is
obtained, fed by bright cathode spotsof ~20V cathode fall.
A positive resistance characteristic is observed at the
electron densities (101%-10!6 em™3) investigated. The
emission spectrum is dominated by the NaXe or TiXe excimer
bands associated with the metal resonance lines. Intensi-
ties of these bands and of lines from higher excited states
are analyzed to obtain excited-state demsities. The Na
excited-state densities nearly fit a thermal relationship
with an excitation temperature of typically ~0.4 eV. The
T4 excited-state densities do not have a thermal relatiom-
ship. At the higher powers the first excited (758) state
has an excitation temperature of ~1 eV, but the densities
of higher states represent a much lower temperature., Pos-
sible causes of this disparate behavior will be discussed.
The implications of these results to potential efficient,
high-power, visible, tunable excimer lasers based on these
vapors will be discussed. ‘

*Work supported by AFWL and ARPA.
tstaff Member, Quantum Physics Division, NBS.
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FB=-5 : : - ' :

‘Models of High-Power Discharges in Na-doped Xe,*®
R. SHUKER, W. L. MORGAN, ALAN GALLAGHERT and A.’V.PHEVLPS,"f
JILA, U. of Colo. & NBS/Boulder.--Electric discharge ex-—
cited metal-noble gas excimers could provide efficient,
high-power, tunable, v151ble lasers. We have modeled a
homogeneous discharge in a characterlstlc mlxture of 3.5x
1016 cm™3 of Na in 2.7 x 1020 ‘cm™3 of Xe. The non-linear
rate equations for the various excited-state, ion, and
electron densities are solved self-consistently with the
electron energy dlstributlon f(E), for E/N of 10~-17-10"16
V cm? and mean electron energies of 0.8-1. 6eV Inelastic,
superelastlc momen tum transfer, 10nlzat10n, recombina- =
tion, and electron-electron collisions are included in the
Boltzmann equation to obtain f{(E). At steady state, most
of the dlschargé energy goes into Na exc1ted#state (Na*)
ionization, followed by association of Na+ to NaXe then
dissociative recombination of NaXet to Na¥*+Xe. A posi-
tive resistance characteristic is obtained,. in agreement
with observations. When only the lowest few Na* states
are included in the model, the results are not in quanti-
tatlve agreement with measurements. Increasing the number
of Na* states improves the agreement, and more are being
investigated to test convergence, o
*Supported by ARPA. '

tStaff Member, Quantum Physics Division, NBS.

FB-6 :
E-Beam Excitation of Mixtures of T1I and Xe.

L. A. SCHLIE and D. L. DRUMMOND, AFWL, Kirtland AFB, NM.
The spectral and kinetic behavior of TlI/Xe mixtures pro--
duced via excitation from an electron beam are presented.
The use of this salt enables the gas temperature to be
lowered from 800°C to 400°C. ' Mixtures of approximately

1 torr of T1I metal vapor at 400°C and 10-100 psi of '
xenon buffer gas produce five very strong continuum
bands. Each of these bands correspond to excimer tran-—
~sition to the red side of the excited Tl atomic lines at
5350, 3776, 3519/29, 3230, and 2919/21 A., The T1Xe bands
peak at 5800 4400, 3650, 3400, and 3050 A. The time
history of these bands/Tl dtomic’ lines indicates that the
1470/1700 A Xe and Xes radiation photodissociate the T1I
into free excited Tl which subsequently forms TlXe
excimer states that radiate as the continuum bands. The
importance of volume on the "optical trapping" of the -
free atomic Tl produced via photodissociation of the T1I
will be described. The -photoabsorptive effect of the -
T1I on the 4400 A band of T1lXe emission is discussed
along with using the other salts of TL. The possible“
applications of these T1Xe continuum bands for hlgh

power lasers are discussed.
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FB-7

Analytical Model of Thallium-Mercury Kinetics.
R. P. BENEDICT, 1. A. SCHLIE, and D. L. DRUMMOND, AFWL,
Kirtland AFB, NM.--An analytical model has been con—
structed to follow the time-dependent kinetics of a Tl-Hg
inert gas mixture. This model includes the primary elec-
tron processes (momentum—-transfer, inelastics, ionization
and superelastics), excitation transfer between the Hg
metastables and Tl, and molecular formation into the
B?L,/, state of TlHg. The electron rate constants are
determined from a numerical solution of the electron
Boltzmann transport equation, whereas all others are
taken from values given in the literature. The sclutions
to the kinetics model indicate that initially most of the
electron energy goes to pumping the 3P states of Hg. Sub-
sequently, a significant fraction of that energy is trans-—
ferred to the Tl atoms, mostly the 72§ state. Formation
of Tl 7S atoms into T1Hg (B2X) molecules gives relative
population ratios of greater than 10%Z. The results of
these calculations will be used to assess the potential of
TlHg as a high efficiency laser at both 4590 and 6560
angstroms,

FB-8 -
Fluorescence Yields of Metal Halide Vapors

Excited by Photodissociation, J. MAYA, GTE Sylvania,
Danvers, MA., - - Many metal halides are known to yield
atomic and/or molecular fluorescence owing to excitation
by photodissociation. We have measured the absolute
gquantum efficiency of this fluorescence for T1I, InI,
Hgls and HgBr2 at an excitation of 205 + 10nm The

T1I1 and Inl fluorescence is due to (7S - 6 P) and

(65 - 5 P) transitions of Tl and In respectively. The
Hgls and HgBry fluorescence results from (B-X) trans-
itions of Hgl and HgBr. The fluorescencée spectra were
corrected for spectral response, integrated and compared
under the same optical conditions to the sgpectra of
fluorescein whose quantum efficiency is well known.

The absolute quantum efficiencies of T1I, InI, Hgl,

and HgBry are 0.42, 0,20, 0.09 and 0.26 respectively.
We estimate the accuracy of the relative results to
be about 25%.
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FB-9

"The Elecétronic States of Alkali~Rare Gas Diatomics. B.

Laskowski¥*, S, Langhoff#* and J. Stallcop, NASA-Ames

'Research Ceénter, Moffett Field, CA 94035--The report

that alkali-rare gas atom pairs are possible candidates
for excimer lasers has stimulated the study of the
electronic surfaces of these diatomics. 1In this paper
we present the results of a self-consistent field plus

‘conflguratlon interaction calculation on the. dow. lying

I, Il and & electténic states of LiAr, NaAr, NaXe and
CsXe. The core of each atom was descrlbed by a pseudo-
potential®, The calculated states agree better with ex-
reriment and are less steep in the repulsive region
than the previously published semiempirical calcula-
tions of Pascale and Vandeplanque®. Spin orbit coupling
is included in a semiempirical manner, Transition mo-
ments and lifetimes are given. :
1. A, V, Phelps, Joint Institute for Laboratory Astro-
physics, University of Colorado, Report Ne. 110,
1972 (unpublished).
2. L, Kahn, P, Baybutt and B, Truhler, J. Chemn, Phys.
65, 3826 (1976).
3. J. Pascale and J. Vandeplanque, J. Chem. Phys. 60
2278 (1974).

*National Research Council Postdoctoral Associates

FB-10
laser Candidate Molecules in Excited States of

JIonic Character,” D, L. HUESTIS, Molecular Physics

Center, SRI Internationmal--The successful rare gas

halide, mercury halide, and molecular halogen lasers
share the common feature that the laser transition is
from a strongly bound excited state of ionic character
to a weakly bound or repulsive lower covalent state.
The selectivity of production in harpooning reactions
or ion~ion recombination clearly favors such ionic
excited states, In an attempt to identify other can-
didate molecules of this class, semiquantitative rules
have beenderived with the requirements that the ionic
state must not be the ground state of the molecule and
must not be easily quenched or predissociated, Several
new candidates of this class have been identified. The
ionic states of all other diatomic molecules are expec-
ted to be less promising as laser candidates.
*Supported by DARPA through U,S. Army BMDATC.
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FB~11
A Periodic Table for Diatomic Molecules.* RAY
HEFFERLIN,T Dept. of Phys., Southern Missionary College.-
The need for laser-related data on free diatomics led to
studies of dissociation and ionization potentials,
spring constants (data 1); U, ra, Ref[A-X(0,0)],etc.
(data 2). When plotted against A, each data set for
molecules AB or Az shows periodicity as for atoms (simi-
lar profiles between atomic '"magic numbers" N and similar
inserted profiles for transition metals). Configurations
for A2 close at A=N. The periodic table can be made thus:
given a 2-dim. atomic chart, replace each symbol (=B)
with a small chart, each of whose symbols A is replaced
by AB. Data 1 for A=B show maxima at AMV+3, ignoring
transition metals. For A#B, these maxima tend to be
arranged isoelectronically. This agrees with the invari-
ance of orbitals for parts of isoelectronic sequences. A
more elegant table is made by stacking portions of the
A,B plane so that isovalent molecules are above each
other.
*Research sponsored by the Energy Research and Develop-
ment Adm. under contract with Union Carbide Corp.

*Consultant to the Oak Ridge National Laboratory, Health
and Safety Research Division, where this work was

performed.
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GA-1
Excitation of Molecular Nitrogen by Low-Energy Elec-
tron Impact in the Region of the Dissociation Threshold.,

D. SPENCE, R. H., HUEBNER, Argonne National Laboratory and
P. D. BURROW, University of Nebraska.~-Many previous .
measurements of threshold electron spectra in N, at low
incident energy (<15 eV) have indicated a sharp rise in-
signal at approximately the dissociation limit, followed
by a slow decrease in signal over the mext 1.5 ev. All
previous measurements of this prominent feature have been
limited to essentially zero scattered electron energy (eg
the S5Fg scavenger technology and the trapped electron
method). Using a modified AC trapped electron technique
Wwe are able to measure slow scattered electrons at other
than zero energy as a function of incident emergy. Our
measurements show that the triangular-shaped structure
above has an essentially vertical onset at the dissocia-
tion limit (within 0.05 eV), and that this structure
essentially disappears for scattered emergies other than
zero (within the beam resolution, about 0.08 eV). The
effect of this resonance phenomenon on the dissociation
of molecular pitrogen and its atmospheric implication will
be discussed,

*Work performed under the auspices of the U.S. ERDA.

GA=2
Excitation of Rydberg States in the Energy Region of the
Schuman - Runge Continuum of Oy by Low-energy Electron
Impact.* D. SPENCE,  R. H. HUEBNER, ANL. --Us-
ing a modification of the trapped eleciron technique, we
have studied discrete excitation in the energy region of
the Schuman-Runge continuum of O2, a region of intense
solar atmospheric absorption. Our technique detects
electrons of constant residual energy as a function of in-
cident electron energy, and structures in the spectra are
proportional to the total (i.e., integrated w.r.t. angle)
cross sections for electron impact. This technique is an-
alogous to that used by Trajmar et al. 1 who measured a
signal proportional to the differential cross section using
hemispherical analyzers. However, using a much closer
mesh of different residual energies, (0,05 eV as opposed to
0.5—1.0 eV), our measurements indicate very rapid varia-
tion in cross sections within 1.0 eV of thresholds and lead
to band assignments somewhat different from previously
published data.
*Work performed under the auspices of the U.S. ERDA.
13, Trajmar, D. C. Cartwright, and R. I. Hall, J. Chem.
Phys. 65, 5275 (1977).
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GA-3

" Excitation of (ch)(npo)lz; by Electron-H2

Impact.* F. A. Sharpton, Northwest Nazarene College,

R. L. Day and R. J. Anderson, University of Arkansas.--
The optical method and delayed coincidence techniques
are used to examine twelve rotational Tines of the Hp
spectrum corresponding to the electronic transitions
(2pa)(npo)izg » (1so)(2po)izd, (n=3,4). oThe emission
Tines are spectralily isolated at Ax < 2 A FWHM and are
identified with the following vibrational transitions:
n=3 {v'=0,1 »+v"=0), n=3 (v'=2 + v'=1) and n=4 (v'=1 >
v"=0). Optical excitation functions are obtained for
the electron energy range 0-500 eV at H, target gas
pressures of < 50 mtorr. Intensity measurements of the
rotational Tines are placed on an absolute scale by
direct comparison with the Hy and HS spectral lines
produced by electron-impact dissociation-excitation of
Hp. Radiative-lifetime measurements for the rotationail
transitions yield values in the range 38 to 70
nanoseconds.

*Research supported by the Atmospheric Sciences Section
of the National Science Foundation.

GA-4

Resonances in Electronm Scattering from Substi-
tuted Benzene Molecules. P. D. BURROW, Univ. of
Nebraska, J. A. MICHEJDA and K. D. JORDAN, Yale U.--
The electron transmission technique of Sanche and
Schulzl is used to study temporary negative ion forma-
tion in several mono-substituted benzene compounds.
The substituents, -CN, -CHO, and -C;H3, each possess -
one or more low-lying unfilled molecular orbitals which

" cause additional shape resonances to appedr in the -

transmission spectrum. The negative ion energies may
be understood from simple perturbation theory arguments
and effects such as inductive charge transfer. The
resonance lifetimes will be discussed qualitatively in
terms of the angular momentum barrier seen by the
detaching electron.

11, sanche and G. J. Schulz, Phys. Rev. A5, 1672 (1972).
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GA=5

Application of Semiclasgical Perturbation Scatter-
ing Theory to e~ + CO,” F.T. SMITH and A,P. HICKMAN,
Moleculaxr Physics Center, SRI International~-The inter=-
action of an electron with CO is characterized at long
range by the dipole potential (in a.ﬁ.) p(R)cos@/rz,
where r and € are the radial and angular coordinates of
the electron with respect to the molecule, and R is the
internuclear separation, An important feature of the
interaction is that the dipole moment  depends strongly
on R.1 We will discuss the treatment of electron scat-
tering by this potential using the recently developed
semiclassical perturbation theory. The analysis,
coupled with the known resonance at 1.7 eV.due to a €O~
state, may lead to a qualitative understanding of the
energy dependence of the momentum transfer observed by
Land? in swarm experiments,
1. X. Kirby-Docken and B. Liu, J. Chem. Phys. 66, 4309

(1977). :
2., J.E, Land, Conference on MHD Systems, Argonne
National Laboratory, April, 1977.

*Research supported by Air Force Office of Scientific
Research,

GA-6

Momentum Transfer and Vibrational Excitation Cross
Sections for Electron-Carbon Moncoxide Collisions in the
Range 1-4 eV. H.B, MILLOY, Electron and Ion Diffusion
Unit, Australian National University, Canberra. The
scattering of electrons from CO molecules has been
studied by analysing new drift wvelocity data for pure CO
and CO-inert gas mixtures at 294 K. The drift data for
pure CO were taken in the E/N range from 10 to 100 Td
while data for CO-Ar and CO-He mixtures were taken in the’
E/N range from 1.7 to 20 Td, The pure CO and the mixture
data are thought to be in error by < # 1.5 and < % 3%
respectively. The momentum transfer cross section for CO
has been determined with errors of < * 10% from 1 to 2 eV
and < * 15% from 2 to 4 eV. The relative vibrational
cross section measurements of Schulz and Ehrhardt et al
at energies > 1 eV have been normalized to an absolute
scale. This involved increasing Ehrhardt et al's cross
sections systematically by 22%, while Schulz' cross
sections were reduced by 5% together with a reduction of
the first vibrational cross section in the range from

1.0 to 1.75 eV. 1t was unnecessary to modify Hake and
Phelps' vibrational cross sections at enmergies < 1 eV,
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GA-7

Rate Coefficients and Inelagtic Momentum Transfer
Cross Sections for Electronic Excitation of N, by Elec-
trons.* D. C. CARTWRIGHT, Los Alamos Scientific Laboratory.
—-Differential and integral cross sectiomns for excitation
of nineteen singlet and triplet electronic states of N,,
within 14.2.eV of the ground state, have recently been
determined.”™ Rate coefficients for excitation of these
states have been calculated from the integral cross sec-
tions and compared to that for ionization and to the
limited results previously reported. Momentum transfer
cross sections for electronic excitation were determined
from the differential cross sections and combined with
that recently determined for elastic scattering to obtain
the total momentum transfer cross section from 6 to 60 eV.
These results are compared to that determined from swarm
measureménts. The implication of these and related results
for understanding the mechanisms for various N, laser
transitions will be presented.

*Supported by the US ERDA to Los Alamos.

1. D, C. Cartﬁright, A. Chutjian, S. Trajmar and W.
Williams, papers I, IX and II1I, to be published, Phys.
Rev. A (Sept. 1977).

GA-8

Absolute Oscillator Strengths (10-60 eV) for
Photoabsorption, Photoionisation and Breakdown of HoQ.
C. E. BRION and K., H, TAN, Department of Chemistry,
University of B.C., Vancouver, Canada, V6T 1W5 and
PH. E. VAN DER LEEUW and M. J. VAN DER WIEL, FOM-
Institute, Amsterdam, The Netherlands.--Dipole oscil-
lator strengths (cross sections) for the photoabsorption,
partial and total photoionisation and photofragmentation
of H»0 have been obtained over a range up to an equival-
ent photon energy of 60 eV, using electron~impact coin-
cidence simulation techniques. The results are quantit—
atively equivalent to those that would be obtainable by
photoelectron spectroscopy (Vancouver) and photoioni-
sation mass spectrometry (Amsterdam) with continuously
tuneable light sources. The photoionisation efficiency
is also reported. The results of the two experiments
are combined to provide a quantiative picture of the
dipole induced breakdown of Hp0 in the region up to 60
eV. Work supported by NRC (Canada) and NATO,
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GB-1

Measurement of Townsend Ionization Coefficient and
Breakdown Potentials for the Penning Mixtures of Ne and Kr.
A. K. BHATTACHARYA, General Eiectric Co., Clevelaﬁ,
Ohio 44112~The Townsend primary (a), secondary (y) coeffi-
cient and breakdown potentials for Ne, Kr and their mixtures
are reported. The primary coefficient was determined by
- measuring the variation in the luminous flux in a self-sustained
Townsend discharge between two parallel plate nickel elec-
trodes spaced 21.5 mm apart. Ne-Kr mixtures behave similar
to Ne-A. The ionization efficiency funection n, (= a/E, where E
is the electric field), has & maximum value for Ne + 0.1% Kr;
and also the value of n for this gas mixture is larger than that
for Ne + 0.1% A, especially at small values for E/po (1to10V
em ~ Torr ) '

GB-2 : _
Caleulation of Townsend's o at High E/p. J. H. INGOLD
and R. S. BERGMAN, General Electric Co., Cleveland, Ohio
44112--A new theoretical method for calculating Townsend's-q
at high values of E/p is described. The method econsists in
assuming a displaced spherical shell for the electron veloeity
distribution, and using moment equations to determine the
variation of eleectron drift velocity and average energy with
E/p. Values of a/p caleulated for argon show very good
agreement with measurements in the E/p range of 100 to 1500
Vem 'Torr '. Possible reasons for disagreement at low E/p
will be discussed.
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GB-3 :
The Negative Glow Efficiency with Recombination.
W.P. ALLIS, ONERA--The ambipolar diffusion equation with
a source function s and a recombination coefficient o is
reduced to a gimensionli?E form by the two scales factors

n,=vs/c and 23=2D,(as)” The equation is then soluble
in terms of efliptic functions but if the penetration of

the fast electrons from the cathode L >>2, the solution .
takes a simpler form in terms of a hyperbolic secant, or
is very close to this. The negative glow efficiency,
ratio of ions diffusing from.to fast electron current J_
incident on,the negative glowy, is then

(pD, /3)553(1’ Vo)) T4 (a3 fpe) L4
where P (V ) 15 the probability of ionizations by elec-
trons with the full cathode energy. As the cathode fall
potential V., is beyond the maximum of Py, § is a decreas-
ing function of V,. It is also a decreasing function of
the current density J. The ions not diffusing toward the
cathode recombine and if the recombination is dissocla-
tive, the ilonization energy goes entirely into heating
the gas. This is destabilizing and produces cathode
streamers.

GB=4
- Pre-breakdown Discharges, W, D, Partlow and
L. E, Kline, Westinghouse R&D Center--We have examined
the propertlies of mercury-rare gas discharges operated
at low fields where volume ionization is negligible.
The discharge current is due to thermionically produced
electrons and is limited by the electron mobility. The
mixtures consisted of mercury and either Ar, Kr, or Xe
at 30 to 760 torr. Temperatures were varied from 50 to
250°C. UV and visible radiation production, as well as
electrical properties, were measured and compared to
theoretical calculations. The measured pesitive volt-
ampere characteristics sgree well with tgeory. The cal-
culated efficiency for excitation of Hg P 1 in
these discharges is greater than 50% over a’wlde range
of conditions. The low measured radiation preduction
efficiency (less than 5%) is consistent with model cal-
culations which include quenching of the “P by Hg &nd
the rare gas, Observation of Hg, emission bands sug-
gests that Hg-l-Hg*-—Hg"a* is a quefiching mechenism.
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GB~5

~Tonization processges in the low-pressure Hg-Ar dis-
charge. R.A.J. Keijser,L.Vriens,F.A.S.Ligthart ,Philips
Regearch Labs, Eindhoven, The Netherlands.

In model calculations on the positive column of
Hg-noble gas discharges only direct and two-step ioniza-
tion by electron impact have been taken into account thus
far. The stepwise ionization via the 63P,, 63P1 and 63Ps
levels was considered to be the most important process.
Recent experiments and calculations have indicated thst
mutual collisions between 63P-atoms may also be important
for the ion formation. We present a more detailed analysis
of this problem for a range of conditions relevant for the
Hg-Ar fluorescent lamp (PAr=3 torr;R=1.8 cm; Tyg171=20-800C;
I=.2-.8 A}. In the analysis we have made use of experi-
mentally determined values for particle densities gnd e-
lectron temperature. In the evaluation of the electron
impact rates the two electron group model has been used.
We find that at the higher Hg vapor pressures 63P colli-
sions become even more important for the ion formation
than electron impact. Both Hgt and Hgd will be formed.

The additional ionization contributions are shown to be
responsible for the well-known decrease in UV-efficiency
of the Hg-noble gas discharge at temperatures above 400C.

GB-6 .

The Influence of AC Current Waveform on Ultraviolet
Output of Low-~Pressure Mercury-Neon Gas Discharge,
S. G. Johnson, GTE-Sylvania, Danvers, Mass. The
intensity variations of atomic resonance lines in a
modulated low pressure Hg-Ne discharge were studied
as a function of the current wave shape. The current
wave shape was varied using an eight step function per
half wave, while the voltage oscillated in phase as a
square wave. The experimental data were obtained for
a tube diameter of 2.2cm, an arc length of 50cm, and a
Ne gas fill of 1.0, 3.0 and 8.0 torr. The two fre-
quencies studied were 60 and 120 Hz for a discharge
current varying from 0.4 to 1.2 Amps, and a mercury
density varying from 2.5 x 1017 5 5.0 x 1017 cm™3.
Differences in the efficiency of the wvarious waveforms
to produce ultraviolet radiation became more pronounced
as power to the lamp was increased., The intensity of
the ultraviolet lines increased at a given power as the 5
wave shape approached a square waveform. ;
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GB-7

Multivalued V-I characteristic of Low pressure Na-Ne
discharges. M.J.,C. VAN GEMERT and T.G. VERBEEK, Philips
Research Laboratories, Eindhoven-Netherlands.

Dynamical voltage-current meagurements are reported
for Na<Ne discharges (radius 1 emj 5.5 torr Ne; 1 mborr
Na). When radial depletion of Na characterizes discharge
behaviour the characteristics are found to be multi-

- valued in V. Experimentally, such curves are found only
when the rate of chenge in I is between 60 A/s and 4000
A/s. Below 60 A/s changes in discharge power dissipation
lead to uncontrolled changes in Na-~wall density. This
explains why dc-experiments have failed so far to show
multivalued curves, despite previous predictionsl. Above
4000 A/s the multivalued character also disappesrs because
the loss rate of the electrons, by anmbipolar diffusion
and wall recombination becomes too slow to compensate
the production rate. The multivalued curve is associated
with discharge instability. A discontinuity in the posi-
tive column propagates in the direction cathode to anode.
The velocities observed are between 103 and 5x103 m/s,
depending on the discharge conditions used.

1. J.H. Waszink and J. Polman, J. Appl. Phys., 40, 2L03,
(1969).

GBE~8

A New Theory for Striations with Experimental Verifica-'
tions, E.E. KEMPE, NRL-A new general theory for striated
positive columns containing atomic/molecular f£ill gases
is elaborated that gives a unified explanation of both
cathode/anode directed moving striations and standing
striations along with the physical significance of the
Novak potential. The p, r, and s striation varieties in
neon are explained according to this new theory including
the ionization mechanisms associated with their genera-
tion, and the results are expreimentally verified via
measurements in neon discharges and penning discharges of
neon with argon admixtures. The mathematical model of
the positive column derived for this theory identifies an
open-loop instability that is &n inherent feature of the
process maintaining the charged particle density along
the column. This new theory, therefore, contrasts with :
the widely accepted viewpoint of Pekarek that steady state

striations are caused by closed-loop feedback paths con-
sisting of propagating "ionization waves" which couple

disturbances back to their point of origin with suffi-" .
cient amplitudes to excite successive ionization waves.
To illustrate the basic nature of the open~loop instabi-
lity leading to steady state striations a simple analog
of the positive column is presented.
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GB-9 :
An Exact Theory of Ionization Waves in Nitro‘gen,

W.H. LONG, JR., Northrop Research & Technology

Center, Hawthorne, Ca,-- The dispersion relation for

ionization waves in a low-current nitrogen discharge is

derived from a direct solution of the Boltzmann equation

and the ion continuity equation. The sharp space reso-

nances which lead to amplification of selected wave-

lengths in neon? are not apparent in nitrogen because of

the many inelastic cross sections, Instead, a series of

broad resonances are found which stem from enhanced

ionization as electrons move through a periodic electric i
field. The dispersion relation clearly shows the transi- 1
tion from spontaneously existing standing striations at
low pressure to damped, anode-directed, forward waves
at higher pressure. The mechanism for propagation of
the F~ wave is the fluctuation in ion drift velocity result-
ing from the electric field variation. The group velocity
at large wavenumbers is nearly constant and proportion-
al to the ion drift velocity.

¥ K. Rohlena, T. Ruzicka, and L. Pekarek, Phys. Lett.
40A, 239 (1972).
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HA-1

Electron Impact Excitation of SiIIT, W.,D, ROBE,
Theoretical Division, Los Alamos Scientific Lab.*—- Recent
absolute experiments on electron-impact excitation of the
resonance lines of Li-like ions' show excellent agreement
with close-coupling calculations. However, these ions
| have a simple structure and the calculations show rela-
; tively little sensitivity to details of the target states.
; Much more physically instructive experiments could be per-~
formed on ions which are isocelectronic with second-row
atoms, such as Magnesium. In the present work, close-
coupling calculations have been made to obtain preliminary
| estimates of the cross sections for 3s2ls - 3s3plpo, 3po
ﬁ excitations in Sit2., The intercombination line (3s lg -
! 3s3p3P°, 1894 A) excitation cross section shows significant
g resonance structure at energies below the 31PO threshold.
] This structure increases the average cross section near
thresheld by a considerable factor (~10), and should pro-
vide an observable feature. The resonance line (3s2ls -
3s3plP°, 1207 A) excitation cross section shows a broad
- (~1.5 eV) f-wave shape resonance about 1 eV above thresh-
§§ cld which should also be amenable to observation.
w *Work performed under the auspices of the U.S. Energy
Research and Development Administration.
1p,0. Taylor, R.A. Phaneuf, D. Gregory and D.H. Grandall,
Abstracts of the Xth ICPEAC Conference, Paris, July (1977).

HA-2

j Electron Excitation of the Alkali Resonance

i Lines.* S. T. CHEN and ALAN GALLAGHER,T JILA, U. of Colo.

& NBS/Boulder.--The excitation cross sections and polari-

zation of the K, Rb, and Cs resonance lines have been mea-

“ sured from threshold to 1500 eV with ~0.25 eV resolution
using crossed beams. Relative intensity measurements are

f normalized to the Born Approximation in the high energy
1” iimit., Comparisons to previous measurements and theories
i are made. Combining these results with earlier data for
Li and Na from this laboratory and H from others, we can
see the extent of the systematic behavior for this entire
series of group I elements.

*Work supported by NSF Grant PHY76-04761.

tStaff Member, Quantum Physics Division, National Bureau
‘ of Standards.
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HA-3

Electron Impact Excitation of Metastable Argon and
Krypton Atoms .* H. A. HYMAN, Avco Everett
Research Laboratory, Inc., Everett, Mass. -- Calcu-
lations have been carried out in the Born approximation
for electron impact excitation of metastable argon and
krypton. Specifically, cross sections have been deter-
mined in the intermediate coupling scheme for the tran-
sition arrays Ar # (48; J —4p; J') and

Kr * (5s8; J—5p; J'), and effective cross sections have
been obtained between the configurations

Ar ¥ (4s—3d, 5s, 5p, 4d) and Kr * (5s—4d, 6s, 6p, 5d).
The principal conclusions of the calculations are that
the cross sections for the 4s—4p and 5s-—5p arrays are
large and are much more important than transitions to
the higher-lying states. The validity and range of appli-
cation of the Born approximation for this type of elec-
tron-excited atom scattering problem will be discussed.

* Work supported by the Advanced Research Projects
Agency.

HA-4

Abscolute Differential Cross Sections for Elastic and
Inelastic {'P, 'D) Excitation of Atomic Barium by Elec-
tron Impact.¥ S. JENSENT, D, REGISTER®, S. TRAJMAR"
(*Jet Propulsion Laboratory; TUniversity of California,
Riverside)--As part of a continuing study on electron-
photonnatom collision processes, absolute Ba elastic and
inelastic (*P(6s,6p) and *D(6s,5d)) differential cross
sections (DCS) have been obtained in our laboratory.
Utilizing a crossed beam geometry, measurements have been
made at 5, 10, 20, 30, 40, 60, 80, and 100 eV throughout
the angular range of 0 to 135 degrees. Data was obtained
using both a high resolution gun (0.030 eV) and a low
resolution gun (0.35 eV} with a collimated Ba beam which
required no correction for scattering geometry. Both DCS
and momentum transfer cross sections have been put on an
absolute scale by normalization to the optical excitation
function measurements of Chen and Gallagher,

15, T. Chen and A. Gallagher, Phys. Rev. Al4, 593 (1976).

$[,-Jork supported in part by NASA Contract No, NAS7-100 to
JPL and by the Caltech President's Fund.
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. HA-5

:

Electron Impact Spectroscopy of Laser Excited Barium.
D. F. REGISTER, S. W. JENSENT, S, TRAJMAR®, and R. T.
poE T (*Jet Propulsion Laboratory; *University of Calif-
ornia, Riverside)--Utilizing a crossed electron-photon-
atom beam geometry, the electrom impact emergy-loss spec-
trum of laser excited Ba 1P(6s,6p) atoms has been studied,
Laser pumping at 55354 using Rh 110 dye in a scanning dye
laser (Coherent Radiation CR-599-20) results in a P pop-
ulation of greater than 5% of the atomic beam, Cascade
from the P level populates lower lying levels suffici-
ently so that eight superelastic and more than thirty
excited state to excited state processes are observed,
Some of the latter transitionms exhibit cross sections
comparable to ground state to excited state processes,
Low angle differential cross sections for the supere-
lastic transition 'P(6s,6p) — 'S(6s®) have been measured
using both high resolution (.030 eV) and low resclution
(.35 eV) electron opties. Variation of the superelastic
scattering intensity as a function of laser light polari-
zation with respect to the scattering plane has been
measured and is found to be in agreement with theoretical
predictions,

*Work supported in part by NASA Contract No. NAS7-100 to
JPL and by the Caltech President's Fund.

HA-6
EBlectronic Collisional Transfer between High

Rydberg Levels of Helium, J.-F., DELPECE,J. BOULMER
and F. DEVOS, Paris U., 91405 - ORSAY, France.--

Electronic transfer rates from levels with principal
guantum number n from 8 to 14 have been measured by
the technique of laser-induced fluorescence spectro-
scopy in an afterglow plasmas at electron tempera-
tures from 300 to. 2000°K,. The binary encounter
theory overestimates considerably total transfers,
while impact-parameter and classical Monte-~Carlo
theories'1’2 are in fair agreement with experiment.
Qur evidence indicates alsc that transitions with

ZS n>1 have a substantial probability; this favors
a classical treatment in this energy range.

1

Johnson and Hinnov, Phys. Rev. 187 p.143 (1969)
5 27 .

Boulmer et al., Phys. Rev. 15 p.1502 (1977).
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HA~7
A New Technique to Differentiate between Resonance
(Negative Ton) and Doubly-Excited Autoionizing States in

the Tonization Continuum of the Rare Gases.~ D. SPENCE,
Argonne National Laboratory.--Doubly-excited autoioniz-

ing states in the rare gases have been studied by observ-
ations of scattered electrons, ejected electrons, photons,
and positive ions, following excitation by electron impact.
However, structures in the spectra obtained by the above
techniques may often be attributed to energetically inter-
spersed negative ion states (resonances), and it is not
usually possible to differentiate a priori between the two
above problems. We have developed a technique depend-
ent upon scattered electron spectra whereby the two "lad-
ders" of resonances and doubly-excited states appear to
move, as a whole, relative to one another, as a function
of scattered energy. Our technique provides simple dif-
ferentiation between negative ion states (resonances) and
doubly-excited autoionizing states. We point out that
many features previously identified as autoionizing states
are, in fact, resonances.

* .
Work performed under the auspices of the U.S. ERDA

HA-8

Measurement of Doublv-Excited States in Ne from
Scattered Electron Spectra.” D. SPENCE, Argonne National
Laboratory.~~Using a modification of the trapped-electron
method, we have located doubly-excited autoionizing
states in Ne from studies of the scattered-electron spectra,
obtained as a function of fixed scattered energy. Energy
locations and probable configurations of the states located
will be given, and a comparison with previous, more
limited measurements and theoretical values will be given.
The effect of "post-collision interactions" on the present
and previous spectra obtained by other techniques in
which such effects are expected to be relevant, will be
discussed. :

* : .
Work performed under the auspices of the U.S. ERDA.
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HA~9

Studies of Post-Collision Interactions in Ne from Scat-
tered Electron Spectra.* D. SPENCE, Argonne National
Laboratory.--Recent studies of the effect os "post-
collision interactions" between the scattered and ejected
electrons following autoionization of a doublu-excited
state, excited by electron impact, have indicated that the
exchange of energy 3E between the two electrons is given
by sE=Ae~1.2E1, where A is a constant and Eq is the
energy the scattered electron would have had in the
absence of PCI. It has been suggestedl that the exponent
1.2 may be a "universal" constant applicable to all tran-
sitions in which PCI playvs a role. With more accurate
measurement of 6E and Eq. and by extending measurements
closer to lower values of Eq, we show that the energy
exchange is not given by the simple exponential relation-
ship given above. Special emphasis will be made with
regard to the low-lying autoionizing states of Ne.

*
Work performed under the auspices of the U.S. ERDA.

b, c. wilden, P. T. Hicks, and J. Comer, J. Phys. B
10, 1477 (1977).

HA-10

Electron Photon Angular Correlation Measurement for
the 2°Py State of Helium, V. C. SUTCLIFFE, N. STEPH, G.N.
HADDAD and D. E, GOLDEN, U, of Oklahoma-- Electron-photon
angular correlation measurements for an incident electron
benergy of 80 eV and scattering angles between 52 and 155°
have been made in which photons from the 21P1 - 115o
transition and electrons which have excited the 21P1
state of helium are detected in coincidence., These
measurements which yielding the ratio A of the excitation
cross section for the My=0 magnetic substate to the total
differential cross section represent a significant
extension of the previous measurements and provide
extensive experimental data for comparison with theoreti-
cal calculations. Evaluation of the absolute magnetic
substate excitation cross sections have been evaluated
from measured total differential cross sections.
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HA-11

Triple-Differential Cross Section for Low-Energy
Electron Impact Ionization of Argon. S. P. HONG and E.
C. BEATY,* JILA, U. of Colo. & NBS/Boulder.--Measurements
have been made of the triple differential cross section

for iomization of argon by electron impact. The three-
dimensional shape of the cross section was investigated

for the primary electron energies near 100 eV and scat-
tering angle 15°. As observed by Ehrhardt et al., we
found that in the scattering plane the '"forward" lobe has
a minimum for certain cases. Data taken away from the
scattering plane indicate that the minimum is indeed a
minimum in a full three-dimensional sense., Some approxi-
mate rotational symmetry is observed in a few cases,
However no common simple symmetry has been found for all
the cases. '

*Staff Member, Quantum Physics Division, National Bureau
of Standards. : '

HA-12

Electron Impact Double Ionization Cross Sections of
K' Ions.* R. K. FEENEY and W. E. SAYLE, II, Georgia
Institute of Technology.--Absolute cross sections for the
electron impact double ionization.of XKt ions have been
measured as a function of incident electron energy from
below threshold to approximately 1000 ev. The peak cross
section was found to be approximately 2.9x10718cm2 at
approximately 150 ev electron energy. The measurements
were accomplished with a crossed beam facility operating
in the pulsed beam mode. The electron source utilized
an oxide cathode and operated with typical currents of
1 mA. A thermionic-type ion source produced a collimated
ion beam of approximately 100 naA. After undergoing col-
lisions with the electron bheam, the ion beam charge state
components were separated in a two-stage parallel plate
electrostatic analyzer. Two stages of analysis were used
to improve the signal-to-noise ratio. The twe beam
current distributions were determined by means of a
movable slit scanner. Numerous consistency checks were
performed to evaluate possible sources of error.

*
Work partially supported by USERDA.
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HB-1

Stabilization of Glow Discharges by Supersonic
Flows*. E. WASSERSTROM, Y. CRISPIN and O. BIBLARZ,
Technion, Haifa, Israel. -=- It is known that there is a
strong coupling between electrical discharges and gas
flows. In our work, this interaction is studied for
supersonic flow', where the gas temperature is strongly
coupled to the kinetic energy of the flow. Experimental
results of supersonic.flow discharges in. cylindrical . and

" conical tubes are described, It is found that the flow -

stabilizes the discharge and reduces the gas temperature,
The results of some numerical calculations of a simpli-
fied model indicate that the computed exit temerature
agrees rather well with our experiments. Our work is
relevant to the stabilization of electric discharges in

lasers.

1. E. Wasserstrom, Y. Crispin, J. Rom,and J. Shwartz:
"The Interaction between Electrical Discharges and
Gas Flow," to be published in the Journal of
Applied Physics.

*Submitted by Oscar Biblarz

HB-2
The Maximum Constriction Phase of a Weakly

Ionized Discharge in Helium. L. OSTER, JILA, U. of Colo.
& NBS/Boulder.--Expanding the computer-based analysis of

Jaeger, Oster and Phelps! we have studied in detail the
behavior of weakly ionized discharges in helium during
the period of maximum constriction of the radial electron
density profile. At this time, the final values of elec-
tron and neutral density, and the width of the radial
profile of the eleé¢tron density are éssentially estab-
lished, whereas the final neutral density profile is
reached subsequently by means of slow diffusion and con—
duction processes. Making use of simple analytic ap-
proximations, we present qualitative scaling relations
for electron and neutral density, and for the width of
the electron density profile as functions of gas pres-— .
sure, external voltage, and circuit resistance.

lPhys. Fluids 19, 819 (1976).
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HB~3

Pressure and Voltage Dependence of the Electron
Density in a Pulsed Helium Discharge.® M. STOCKTON, M.J.
CLEARYT, and S.A. TAYLOR¥, Dartmouth College.--The
experimental system consists of an externally triggered
pulsed helium discharge in which the helium pressure can
be varied from 0.5 to 3.5 atmospheres and the breakdown
electric field from 10kV/cm to 40kV/cm. Electron
densities have been determined for these conditions at
various points in the discharge by observing the for-
bidden component of the 4471 £ line of atomic helium,
These densities are then related to the spectral output
of the system from these points at other wavelenpgths,
Most electron densities observed were on the order of
n, = 10+6/cn3,
#Supported in part by NSF and Research Corporation,
TPresent address: Middlebury College, Middlebury, VT
*Present address: Wake Forest U., Winston-Salem, NG

HB-4

Analysis of the Glow Discharge in Oxygen. J.W,
DETTMER*, W.F. BAILEY, M.R. STAMM and A. GARSCADDEN,
AFAPL, Wright-Patterson AFB.--Glow discharges in 0
exist in a low field form, which has moving striations,
and a relatively stable high field form. The low field
form is at low current densities and high pressures. :
The transition between the forms is sudden and exhibits
hysteresis. 1In the range of 1 to 10 torr and 1 to 100
ma, impedance characteristics, striation electtic fields,
optical outputs, wave velocity and dispersion, electron
densities, neutral species mass spectra and the effects
of inert and electron-detaching gas diluents were meas-
ured. The results are compared with an analysis using a
Boltzmann code to determine transport properties, elec-
tron energy distribution function (EEDF), generation
rates and a chemistry code to determine the species con-
centrations, The transition is directly related to a

sudden decrease in the electron to negative ion ratio.
The suggestion is made that the sudden transition is
caused by dissociation reducing the vibrational cross—

section influence on the EEDF permitting increased dis—
sociation, and the atomic specie changing the relative
negative ion concentrations. *Now with 4950th Test
Wing.
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HB-2 Qzone balance in an electron beam controlled
discharge in oxygen = G. Fournier, R. lucas, D.
Pigache, Office National d'Etudes et de Recherches
Aérospatiales 92320 Chatillon, France and M. Lécuiller,

CNRS—BESE 91490 Gif-sur-Yvette, France - - Anusual model
Tor omone balance in a discharge is (1) e +0,~0 + 07,
(2) 0 + 200=»03 + Oy, (3) 0 + 03— 205. Thé ozone
production rate predlcted by processes %1-3 as well
as the loss rate are more than an order of magnitude
lower than those measured. It is demonsitrated that the
additional processes (4) e + 0p~302%, (5) 202 + Oy
203 along with the guenching reaction (6) 0o"s05—>
205+ 0 make up a satisfactory model. The suggestied
rate for resction (5) is of the order of 10-31 om® &
The relative importance of impurities and wall effects
is also considered. The efficiency for oczone preduction
at 800 mbar reaches 50 g/kWh.

~1

* Submitted by J. Taillet

HB-6

Opto—Galvanic Spectroscopy of Glow Discharges:
Ionization Processes. K.C. SMYTH and P.K. SCHENCK,
National Bureau of Standards, Washington, D.C.~-When an
atomic species in a discharge is irradiated with light
whose wavelength corresponds to that of an electronic
transition, an easily measured voltage change is often
produced. These voltage signals are due to absorption
by the. dlscharge species, and most of the results are
readily interpreted in terms of photon-induced processes
which either enhance or decrease ionization. Thus, opto-
galvanic spectroscopy is a convenient new method for
probing the many radiative and collision processes in a
discharge. Detailed measurements have been made on neon
in the 572-654 nm region, where transitions originating
in the 1s and 2p levels are detected. The resulting
voltage signals are both positive and negative, and some
transitions exhibit sign changes as a functlon of dis~
charge current. In addition, absorption by Bat has
recently been observed. In this case the second ioniza-
tion potential is low (10.0 eV), so that irradiation of
Bat may also affect ionization processes under dlscharge
conditions.
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HB-7
Solar Radiation Maintained Optical Discharge in
Cesium _
A. JAY PALMER, Hughes Research Laborataries, Malibu, CA
We disclose a new concept for solar electric conversion
based on the maintenance of an optical discharge in
cesium vapor by concentrated solar radiation. The radia-
tion is absorbed primarily on excited state photoioniza-
tion transitions and electric power is coupled out of
the plasma via MHD. General thermodynamic arguments are
used to motivate the concept as an optimal approach to
efficient solar electric generators. The results of a
computer model of the radiatively maintained discharge
will be presented. The model predicts that an optical
discharge can be initiated and stably maintained at a
plasma temperature of 3000-3500°K by solar radiation
concentrated by a factor of a few thousand incident on
cesium vapor at a vapor pressure of one atmosphere.
The conductivity of the plasma is ~103 mho/m which is
comparable to the plasma conductivity in existing MHD
generators.

HB-8

The Effect of Electron Temperature Relaxation on
Plasma Afterglow Processes, G.L. OGRAM, JEN-SHIH CHANG,
J.G. LAFRAMBOISE and R.M. HOBSON, Dept. of Physics &
CRESS, York University, Canada —- An improved theory of
electron temperature relaxation effects in monatomic and
molecular gas afterglow plasmas has been developed. TFor
many gases the electronm-neutral collision frequency and
fractional energy transferred per inelastic collision,
have dependences on electron temperature T, which may be
well approximated at low energies by simple power~law
relations. Using such relations, Ty relaxation and
plasma density n decay profiles have been derived for a
variety of afterglow conditions. The analytical results
show that: (1) For a diffusion controlled afterglow, the
effects of T, relaxation produce a rapid demsity decay in
the early afterglow, and a slower exponential decay in
the late afterglow; (2) For a volume-recombination con-
trolled afterglow, the effects of Te relaxation produce a
slow density decay in the early afterglow, and a decay
linear in (1/n) in the late afterglow. Thus, the measure-
ment of volume recombination coefficient will be under-
estimated under conditions when the T, relaxation cannot
be neglected; (3) These effects also lead to under-
estimates of the power-law exponent of the Ty dependence
of the. volume recombination coefficient.
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" of excited cesium ions in‘heliug-cesium

HB-9 .. o - - .

The Production of Exéited Cesium Tons in Helium-
Cesium Afterglows.* C.P. DE VRIES, and H.J. OSVAM,
University of Minnesota-.Time resolved emission and
absorption spectroscopy was used to study the production
afterzlows. The

; cesium pressure ranged from 107 to 10=2 Torr and the
"helium pressure was varied from i to 200 Torr at a gas
- temperature of P7°C. Strong emission was observed from

the lowest six levels in the 5p”Hp configuration of cs™.

. Only _the lowest energy level is produced by the reaction.

2e™(33) + 0s o (CsT)* + e + He, even though the n%xt
-3}

“lowest level is more nearly in resonance with He™(-'s

411 six states are produced by the reaction

Heg + Cs o (CsH* + 2He, where the enerpy defect is
from 1.9 to 2,7 sV, A dissoclative charge exchange
reaction mechanism is proposed to exvplain the ocecurrence
of the vrocess in scite of the large enerszy defect,

*Jork supported by the Mational Science Foundation
(Grant 4 ENG-76-10905)

HB-10

Relaxation of Neodymium in a Weakly Ionized
Expanding PlasmaX* Hao-Lin Chen, Ray Bedford, C. Borzileri,
W. Brunner and M. Hayes, University of California,
Lawrence Livermore Laboratory.--The laser resonance
absorption technique has been used to determine the
relaxation rate of electronically excited neodymium
vapor during its expansion into a vacuum. Significant
increases of population into ground and 1128 cm™ ~ levels
were found. Analysis shows that interaction between
excited metastable atoms and electrons are much more
important for relaxation than atom-atom collisions. The
final population of neodymium appears to-be frozen at a
temperature lower than the surface temperature of melt.

*This work was performed under the auspices of the U.S.
Energy Research and Development Administration under
contract No. w-7405-Engﬁ48.
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Radiative Lifetimes and Reaction Rates of the
Lowest Bound Molecular States in Krypton and Krypton-
Xenon Mixtures,® F.H.,K. RAMBOW, T.D. BONIFIELD, and
G.K. WALTERS, Rice University--Time dependences of the
VUV emissions near 1450 & from pure kryptom and from
xenon-doped krypton were measured following pulsed
excitation by a low intensity e-beam. The radiative
lifetimes of the lowest 0u+ and 1, molecular states of
krypton are 4.1 + 0.6 nsec and 370 % 10 nsec respec-
tively, Krz*(ou+) is produced in three body reactions
with rate (1.6 + 0.3 x 10~32 cmP/sec. Rates for the
collisional mixing reactions Krz*(Ouf)-+Kr ZiKrz*(lu)-fKr
are < 10~13 cm3/sec (forward) and < 107" cm”/sec
(reverse), based on preliminary analysis of density
dependences of the 0u+ and 1, destruction frequencies.
In xenon-doped krypton, the Krz*(lu) state is quenched
by energy transfer to Xe(3P1) with rate coefficient
(3.0 +£0.2) x 10-10 cm3/sec.

*Supported by Division of Physical Research USERDA.

JA-2 :
Spectroscopic Studiés on Recombination Fed Line

Fmissions in High Pressure Rare Gases.® A. SZOKE and

E. V. GEORGE, Lawrence Livermore Laboratory. Xenon (and
Argon) gas were excited by a short pulse {25 nsec)

80 keV electron gun at pressures up to i atmospheres.
The intensity and time dependence of 6p-6s Xenon emis-
sion lines (and Yp+ls Argon emission lines) were moni-
tored at various pressures. These lines are emitted
following dissociative recombination of Xe} (Arg). Our
observations will be presented and compared to computer

model calculations. _ ,
#¥Supported by US ERDA Contract W-T405-Eng-L48 .
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JA-3

Kinetics and Spectra of E-Beam Excited Ar/Xe
Mixtures.* H. T. POWELL and A. SZOKE, Lawrence Liver-
more Laborgtory. The time dependence and spectra of
emission bands at 1260, 1290, 1470, 1720, and 3300 A
have been studied as a function of Ar and Xe Pressures
using either a 20 ns, 1 A/em? or a 50 ns, 100 A/cwm?
e-beam pulse. Typical mixtures studied are a few Torr
of Xe in several atmosphereg of Ar. The 1260 and 1720 4
bands,arise from Arp, and Xep excimers while the 1290 and
1470 A bands are believed to result from excited Xe
(6s'1Pl and 3Pl) in collision with Ar, i.e., ArXe¥.
Collision induced ArXe absorption is,also observed with-
in the Ar% emission band. The 3300 A band is identified
as XeArt emission. Kinetic channels for formation of the
various species will be discussed and attempts to pro-
duce laser action on the ArXe* bands will be described.
*Supported by US ERDA Contract W-TLOS5-Eng-h8.

JA-4

Performance of Rare (as Excimer Laser and
Fluorescence Sources.* H. T. POWELL, J. J. EWING,
R. D. FRANKLIN, and R. A. HAAS, Lawrence Livermore
Laboratory. Experimental and analytical studies of
large volume e-beam pumped rare gas excimer laser and
fluorescence sources is reported. The efficiency of
converting e-beam pump energy into vuv excimer radis-
tion coupled into a photolytic laser medium has been
modeled and measured for both coherent agd inccherent
modes of extractjon. Large area (>20 ¢ém°) superfluore-
scent Krg and Xe, sources routinely produce fluences of
0.1 and 1 J/cm2“respectively in 50 ns pulses. Unlike
the fluorescence time dependence, the superfluorescent
emission is strongly peaked toward the leading edge of
the excitation pulse. The instantaneous extraction ef-
ficiency in this leading edge spike is considerably
greater than the 50 ns average. Modeling interpreta-
tions ineluding the effects of excited state loss pro-
cesses are reported. Comparisons are made between ex—
perimental measurements of fluorescence coupling into
a 50 cm long cell and theoretical calculations which in-
clude nonuniform electron beam excitation and geometric
fluorescence coupling.
¥Supported by US ERDA Contract W-Th05-Eng-L48.
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JA=-5

Rare Cas Excimer Radiation Pumping for Photolytic
laser Media.® R. A, HAAS, R. D. FRANKLIN, J. J. EWING,
C. W. WERNER, Lawrence Livermore Laboratory, and
W. L. MORGAN, JTLA, University of Colorado and NBS. An
Analysis of incoherent and coherent pumping of photolytic
laser media with electron beam excited rare gas excimer
radiation has been developed. Conditions suitable for
driving photodissociation waves during Group VI laser
excitation have been investigated. The inccherent
pumping calculations include nonmiform electron beam
excitation in the rare gas fluorescing medium, geometric
radiation coupling to the absorber and bleaching wave
propagation. TFluorescer to absorber coupling efficiencies
of € 25% are calculated for single side pumping. An im-
provement ‘in efficiency can be achieved if vuv reflecting
optics and other coupling geometries are employed. Analy-
sis of rare gas excimer laser pumping was carried out
using a kinetics code modified to self-consistently calcu-
late amplifier performance. For the Xe¥ laser the calcu-
lations indigate that the effective lasér saturation flux
is V10 MW/em® and that laser efficiency is limited, pri-
marily by photoionization of Xe-(3z) molecules, to values
< 5-10%. Improvements in laser efficiency may be
achieved if vrare gas mixtures are employed.
*Supported by US ERDA Contract W-T405-Eng-h8.

JA-6
Collision-Induced Predissociation of
Sr2 Molecules. R. R, FREEMAN and P, F. LIAO,

Bell Labs--We have observed strong collision-
ally induced predissociation of laser excited

A Sr2

atom and have made the first gquantitative mea~
surements of the dissociation., Cross section:

molecules to an excited Pl ground ~§

. ]
for dissociation in the range of 100A" for Sr,

collisions with Ar have been measured. The
dissociation rate is a sensitive function of
excitation level in the excited molecular po-
tential and is a maximum near the potential
minimum. The rapid dissociation rate prevents
significant vibrational relaxation within the
radiative lifetime and appears to reduce the
prospects of Sr, singlet systems (and by im-

plication, other alkaline earth dimers) being
effectively employed as an eximer laser system.
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JA=-7

Multiphoton Tonization of Cs2 Dimers Through Disso-
ciative Molecular States*. J.A. ANDERSON and C.B.
COLLINS, Univ. of Texds at Dallas, D. POPESCU, Institute
of Physics of Bucharest, IOVITZU POPESCU, Univ. of Buch-
arest, Romania--Hybrid resonances observed in the multi-
photon absorption spectrum of cesium and rubidium dimers
have recently contributed to an improved understanding
of the interatomic potentials of the heavy alkalis.ls
Such hybrid multiphoton resonances generally occur
through dimer or excimer states of a collision complex
and those reported here have been excited by superim-
posed beams from two separately tunable dve lasers. The
wavelength of one laser was fixed on an atomic transi-
tion resonance while the other was scanned through the
visible wavelength range. The resulting spectrum showed
new transitions to molecular states dissociating to give
the atoms excited by photons of the other wavelength.
*Conducted as part of the U.S.-Romanian Cooperative Pro-
gram in Science and Technology, supported im part by the
U.S. N,5.F. Grants GF443 and INT76-18982.
1. C.B. Collins, B.W. Johnson, M.Y. Mirza, D. Popescu,
and Iovitzu Popescu, Phys. Rev. Al0, 813 (1974).
2. C.B. Collins, S.M, Curry, B.W. Johnson, M.Y. Mirza,
M.A. Chellehmalzadeh, J.A. Anderson, D. Popescu and
Tovitzu Popescu, Phys. Rev. 14, 1662 (1976).

JA-8 :
Sequential Two-Photon Ionization of Li. and Naz.*
GENE P. RECK, B. P. MATHUR and ERHARD W. ROTHE, Wayne
State University ~- The two-photon sequential ionization
of Liy and Na, is observed. 1In each case the dimers con-
stitute about 1% of an effusive alkali beam. A cw multi-
mode argon-ion laser intersects the alkali beam and the
resulting ions are mass analyzed. Similar experiments
have been reported” with Cs,, CsRb, and sz; in which
both atomic and molecular ions were produced. In con-
trast, only dimeric ions are obtained here. The interme—

diate species are the BlHu states. Large isotopic ef-

fects are observed at each of the laser wavelengths for

the production of 'Li}, ®Li} and ®Li’Li*. The relative

two-photon ionization probability for various wavelengths

£ ion production rate/(photon flux)2] are also presented
for L12 and Naz.

*Research supported by the Air Force Office of Scientific
Research, the Army Research Office and the National
Science Foundation,

1 .
E.H.A. Granneman, M. Klemer, K. J. Nygaard and M. J. Van

der Wiel, J. Phys. B, 9, 865 (1976).
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JA-9
Photolytic Production of S(18) in Liguid Ar.T

L, ABQUAF, J. MARGEVICIUS, M.V, McCUSKER, and D.C,
LORENTS, Molecular Physics Center, SRI Internationale-
0CS at a few ppm in liquid Ar at 839K has been photolyzed
using an H2 laser at 161 nm [where OCS has a large
quantum yield for disscociation to S(ls)]. We observed a
narrow emission (FWHM < 65 A) peaked at 456 nm and a
broad, weaker emission from 376~470 nm. The 456 nm peak
is identified as the S(15-3P) emission blue shifted
relative to its atomic wavelength. The decay time of
this emission is exponential with a lifetime of 35 + 10
ws independent of OCS density in the low ppm range. This
lifetime is believed to be the collision induced radia-
tive lifetime of S(18) in Ar at 83°K. The broad

spectral feature is probably unresolved 5,(B-X) emission
and shows a similar 35 s decay consistent with produc-
tion by the reaction S(ls) + 0CS8 — Sz* + CO. Intensities

“were found to be dependent on total pumping time because

of photodestruction of 0CS.
{Supported in part by USERDA.

JA-10
Optical Emissions from Doped Condensed Rare Gases

Excited by Electrons.” J. MARGEVICIUS, L, ABOUAF, M.V.
McCUSKER, D. L, HUESTIS, and D,C. LORENTIS, SRI Inter-
national--We have observed the optical emissions from e-
beam excited liquid phase Ar at 85°K doped with 0CS or 0,
at the level of a few ppm. Undoped Ar is characterized by
broadband emissions peaking at 203 nm and 275 nm as well
as a broadened O(IS-lD) emission peaked at 558 nm., Addi-
tion of Oy to the 10 ppm level enhances the 0(15) and

203 nm emissions. Doping with OCS leads to a prominent
Sz*(3ﬂu"-32 °) band progression (v'=0 to v') similar to
those observed in matrices but with a lesser red shift.
The time decay of these bands exhibits a fast component
{< 5 pus) and a long non-exponential component extending
to ~ 1 me that appears to be due to recombination of
S(3P) atoms, Spectral study of the slow decay component
shows a peak at 455 mm identified as a blue shifted
S(lS-3P) transition. The decay of this emission has a

~ 35 us component but in addition a longer component re-
lated to the S92~ decay. The possible mechanisms for this
behavior will be discussed.

*Supported in part by USERDA.
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Spin Dependent Charge Tramsfer in Low-Enexgy Colli-

‘siong Between Helium Tons and Cesium Atoms, H. A,

Schuessler, Texas A8M University. —— The experiment dem-
onstrated that total spin angular momentum is conserved
in the near resonant charge transfer collisions between
oriented helium ions and oriented cesium atoms, The re-
sulting spin dependence of the total charge transfer
cross sections is described using singlet and triplet
channels based on the molecular potential energy curves

of the collision pair. The experiment was performed with

helium i{ons stored in a rf-quadrupole trap in interac-
tion with an optically pumped beam of cesium atoms., To-
tal spin dependent charge transfer cross sections were
measured! in the energy range of a few eV and are, for
example, for a well depth of 3eV for the singlet cross
section Q, = 1.0(2) x 10~14cm2 and for the triplet cross

Section'Qé =0,5(1) x 10-14cm2,

*
- Supported by the National Bureau of Standards, the

Robert A, Welch Foundation, and the Center for Energy and
Mineral Resources of Texas A&M University.

lH. A. Schuessler, Metrologia 13, May (1977)

JB-2
Spin-Conservation in Double Charge Transfer

Collisions.* G.D. MYERS, J.G. AMBROSE, P.B. JAMES,

and J.J. LEVENTHAL, Univ, of MO-St. Louis.--The restric-
tions imposed by spin conservation on Hel states formed
by two electron transfer in He**-He, Hz, Ne and 0z col-
lisions have been investi%ated by measuring the relative
(3d°D - 2p°P9)/(3d'D + 2p’P°) emission intensity from
these collisions. The experiments were performed by
directing a magnetically selected He'® beam, at the de-
sired kinetic energy (4-500 eV), into a collision cell
containing neutral gas at 1 mtorr pressure and spectro-
scopically analyzing the collision-produced radiation;
thus unambiguous comparison of intersystem data is pos-
sible. The Hy, Ne and 0y results are consistent with
‘the Wigner spin-conservation rule, but He yields an
anomalously high triplet/singlet ratio. This result
and thg extremely low measured emission cross section
(~10"%A%) for production of these states in He**-He
collisions are correlated by attributing the spin-flip
interactions to short range He''-e encounters in which
strong coupling between spin and collisional angular
momenta is possible.

*Work supported by the Office of Naval Research under
Contract No. NO0014-76-C-0760.
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B-3

J Fine Structure in Low Friergy Cliarge Transfer in
Argon., K. B. MC AFEE, W. E. FAT.CONER, R. S. HOZACK and
D. J. MC CLURE, Bell Labdratories-—Mbbility experiments
of atomic ions in argon at room temperature have uniguely
defined a single value for Art mobility despite attempts
to resolve the expected fine strueture of the arrival ion
currents. To understand the momentum exchange which
accompanies charge transfer during collisions of the two
electronic States"(gPl/gg 2P3/2) of the argon ion with
the parent atom, a crossed atom-ion beam apparatus was
designed to measure the kinetic energy of the target
atoms after charge transfer. The interaction region of
the particles was maintained at essentially zero intensity
of electric and magnetic fields. After a drift space the
kinetic energy of the charged target species was measured
using a spherical energy analyzer. Ton identity was
determined by a tandem mass analyzer. The icon source
consists of a low pressure electron-emission sustained
ionization region followed by magnetic Ar* ion selection.
For laboratory-frame collision energies of ahout 123 eV
two principal scattering peaks are observed, They
correspond to exothermic and endothermic Processes re-
quiring about 0,17 eV energy separation. The argon ion
fine structure separation is about 0,178 eV. Without
energy analysis the two peaks are unregolved.

JB-4
Atomic Ion~Metal Atom Charge Transfer,” J. A.

RUTHERFORD and D. A. VROOM, IRT Cor .——Charge transfer
cross sections for atomic ions in collision with metal
atoms have been measured in the enerpgy range from 1 to
5000 eV. Specifically ,the ions HgT, Xet and cs* and
the neutrals Mo, Fe, Al, Ta, Ti, and C were considered.
In general, cross sections for charge transfer were
found to be less than‘10‘15”dm2'fbr,ﬁost'prOCeSSéS“over'
the total energy range. Exceptions are Hg+ in collision
with Ti and Ta. In some cases, simple models are given
to explain the results obtained.

*Work supported by NASA under Contract No. NAS3-17759.
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JB-5
Excited Hydrogen Atom and Argon Atom Production by
Charge Transfer of (Art)* in Hy. H, L. ROTHWELL, Joint

Institute for Laboratory Astrophysics, R, C. AMME and

B, VAN ZYL, Univ, of Denver. -- An atomic beam ap-
paratus equipped with a vacuum ultraviolet monochroma-
tor and channel electron multiplier detector has been
used to study production of excited H and Ar atoms from
the low energy charge transfer of metastable argon ions
(Ar+)* in Hy. The observed emissions of Lyman-alpha
(121.6 nm) and argon resonance line (106.7 and 104.8 nm)
radiations confirm the formation of these excited neu-
tral atoms in the charge transfer process., Metastable
argon atoms are also produced in significant quantities,
Measurements performed as a function of ion source elec-

. tron energy show that the ultraviolet radiation and

metastable argon atom formation exhibit an apparent
threshold at about 32 eV electron energy, or 16.4 eV
above the threshold for ground state Ar" formation.

This enerﬁy is close to the threshold for population of
the 3523p (3P)3d 4D7/2 level of the argon ion, the low
est of several excited states of the ion expected to be
metastable. For electron energies in the 50 eV range,
it is estimated that of order 1 % of the argon beam ions
are in such metastable states and that their charge
transfer cross section in H2 is of order 10710 cm?,

JB~0

Charge Transfer Reactions of Excited 0+(2D) and
C+(“P) State Ions with Neutral Molecules. T.F. MORAN and
J.B. WILCOX, Chemistry Department, Georgia Institute of
Technology -- Charge transfer cross sections have been
measured for reactions of excited 0¥(2D) and C*(“P)
atomic ions with Ar, H,, N,, 0,, CO, NO, and CO, in the
0.7 to 2.5 keV ion kinetic energy range. Reactant 0F and
C* ion beams have been produced by controlled electron
impact ionization of neutral oxygen and carbon monoxide
respectively. Fast neutral products resulting from the
charge transfer reactions have been measured using time-
of-flight techniques. Cross sections determined for
reactigns involving excited state reactants range from 6
to 30 A2 depending on the neutral reactant species.
Charge transfer cross sections measured for ground state
0+t(*S) and C*{2P) ions are uniformly smaller than the
corresponding excited state reactions throughout the kin-
etic energy range., Differences between the cross sec-
tions for excited and ground state reactions in particu-
lar systems are consistent with the smaller enerqy
defects and favorable vibrational overlaps for the reac-
tions involving excited states.
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-Electron Transfer in Collisions of Doubly
Charged Atomic Tons with Rarer Gas Atoms for Primary-
Ton Energies Below 100 eV. WILLIAM B, MAIER IT, Los
Alamos Scientific Laboratory.*——Twelve electron-transfer
processes of the type

A" 4 B> p(n=1)+ + ... :
have been studied, and cross seéctions have been measured
for nine of them, where A is He, N, 0, Ne, or Ar, B is
He, Ne, Ar, or Kr, and n=2 or 3. Most of gge Cross
sections studied are moderately large (>0.542%) somewhere
in the energy range studied. For Het+ + He, Ne** + He,
Net+ + Ne, and Ar++ + Ar, the cross sections are
<0.2 A®*, For Ar++ 4 He, He** + Ne, Ne** + Ar
Ar** + Kr, the cross sections are >1 X2 at the lowest
(0.1-0.4 ev) center-of-mass energies reached. The
observations can be qualitatively understood by
examining the pseudocrossings of the potential-energy
Curves of the reactants and products,

*Supported by U.S. Energy Research And Development
Administration '

JB-8
Energy Transfer in Collisions of He and H Atoms
with N>, CO, and 02.* "G.H. BEARMAN and J.J. LEVENTHAL,

impact ionization, Penning ionization and excitation
transfer. Optical Spectroscopy yields electronic and

* Work supported by U.S. ERDA under Contract No,
EY 76-5-02-2718.*g0g.
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JB-9 Colligional Dissociation of NO: and of Some Sol-
vated Hydroxyl lons.* JOHN F. PAULSON, Air Force
Geophysics Lab.——A double mass spectrometer system has

begn used to study the dissociation of NOE, OH HNOS,

OH -+ Hy0, and OH™ - 2H20'in collisions with Ar, Ny, and
Oo. For NO3 formed in a mixture of NO and Op, the products
are 0 » 05 , and NO. The ions at a mass—-to-charge ratio
of 80, formed in a mlxture of NO, O,, and H,0, dissoclate
to produce OH  rather than NO_. This spec1es is therefore
believed to be OH -+ HNO_ rather than NO . consistent
also with the expected greater stability of tge former
structure. Cross sections for dissociation ?g ths hydrated
hydroxyl ions reach values of 10 to 20 x 10 and :
show onsets which are in fair agreement with the more
accurate enthalpy changes measured by Payzant et al for
loss of the water of hydration,

*¥ Supported in part by the Defense Nuclear Agency

i. J.D. Payzant, R. Yamdagni, and P. Kebarle,
Can. J. Chem. 49, 3309 (1971).

JB-~10
Tonizing Collisions Between Molecules in the Near-

Threshold Energy Region. NYLE G, UTTERBACK, TRW, Inc.,
and BERT VAN ZYL, Univ. of Denver. -~ Absolute total
ionization cross sections for N9 and CO beam molecule
collisions with Ny, CO, NO, and Oy targets have been
measured to within about 1 eV of their respective ion-
ization thresholds. Mass spectrometric identification
of the product ions scattered in the forward direction
has been used to investigate specific reaction channels
and explain characteristic structures in the total ion-
ization cross sections near threshold. Such structures,
the most dramatic of which results from the No + CO —p
Not + €N~ fon pair formation reactiom, often tend to
dominate the cross section shapes in the threshold re-
gions. Dissociative ionization reactions are alsoc ma-
jor contributors to the total ionization processes when
their somewhat larger threshold energies are reached.
In fact, "simple™ ionization, where one of the initial
molecules simply gives up an electron, is not even an
important process for some reactions in this low energy
regime. A crude model to explain these observations

is presented along with the results of the cross sec-
tion measurements and the mass spectrometric 1nvest1—
gations.
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JB-11 Formation of UFG_ by Tmpact of Cs Atoms.*
R. J. WARMACK, J.A.D. STOCKDALE, and R, N. COMPTON
Health & Safety Research Division, Oak Ridge
National Laboratory, Oak Ridge, TN 37830 —- The
formation of UFy has been studied using crossed
cesium and UFg beams for Cs laboratory energies’
ranging from 6.5 to 100 eV and laboratory scattering
angles from zero to five degrees., Both positive
(Cst) and negative ions were examined by a quadru-
pole mass spectrometer and their energy spectra
recorded by electrostatic energy analysis. The
resulting distributions of reaction Q against Cs
ion intensity were negative, peaking at -4.8 eV for
a laboratory energy of 8.7 eV and scattering angle
of 0° and at -5.3 eV for 37.9 eV and 0°. (q =
excess kinetic energy of products over reactants).
These results suggest that for this Energy range
the reaction in which UFg is formed proceeds via an
excited electronic state of UFg .
*Research sponsored by the Energy Research and
Development Administration under contract with
Union Carbide Corporation,.
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KA-1

Continuous Current in the Positive Point-to-Plane Corona:
M. HIRSHSand M. GOLDMAN, Labo. Physique des Décharges
{CNRS) , Gif-sur-Yvette, FRANCE. Separate measurements
have been made of the continuous (I,) and impulsive (I.)
components of corona current in a diffuse stressed-ancde
point-plane discharge in laboratory air under continuous
applied voltage. The diffuse discharge, which is normally
avoided in .fundamental studies,-.shows.a much longer. range
of. continuous current, free from streamer pulses, than
does the "well-aligned" discharge; this permits some new
insights into the origins of both I, and I,{see also next
abstract). It also closely resembles some situations of
practical interest. For currents below 17%1 pa, I. is

the total corona current, and satisfies a Townsend-like '
law I = 0.1 L-3/2 V{v-vg) as a function of applied voltage
V, for gap lengths L from 3 to 40 mm, and point radius r
between 6 and 32 um; we find Vg = A(¥) + B(x)+L. This is
compatible with positive space charge control of current
in the puseless regime. For higher currents, between the
onset of streamer pulses but below spark breakdown, I, is
somewhat larger than the law predicts, as measured between
pulses. This explains the persistence of the Hermstein
glow in the streamer regime; reasons for deviations from
the law in terms of space-charge depletion,etc., are given.
§Permanent address: Univ, of Minnesota,Morris

Ra-2

Stredamer Pulses and the Spark Trangition in Positive-
Point-to-Plane Corona.M. HIRSHE3and G. HARTMANN,Labo. Phys:
des Décharges (CNRS}, Gif-sur-Yvette, FRANCE. In positive
point-plane discharges in laboratory air for sufficiently
high current and for gap lengths L>3 mm, streamer pulses
are seen whose waveform shows the streamer transit, foll-
owed by a fast-rising spike of electron current with a
slowly falling "tail"chaving1a-wellwmarked.transition_--_
back to continuous current I, at a time T after the stre-
amer. We interpret this tail as the trangit time of neg-
ative ions from the plane to a detachment zone several mm
from the point. Measurements of T vs gap voltage V give a
consistent value of mobility of the negative ions. In a
well-aligned discharge, the pulses start at low currents;
from their repetition frequency £ one can calculate a
‘positive-ion mobility, suggesting that f is controlled

by sweeping times of the positive ions. Also, T is smaller
than, but nearly equal to,1/f, except at small gaps, where
it is .noticeably smaller. . In the diffuse discharge {see
preceeding abstract), pulses occur at I >17pA; T again
yields good mobilities, but the pulse frequency no longer
does. There is a marked delay between T and the next
pulse which decreases as V is increased, until it vanishes
at breakdown, which occurs for I, = 12 Li/3 pa.-

§ Perm. Address: Univ. of Minnesota, Morric

108




KA-3

The role of neutral density variations in the formation
of streamer induced spark. E. MARODE, F. BASTIEN Lab. Phys.
Dech, (CNRS) ESE 91190 Gif/S/Yvette, France, M. BAKKER,
Math. Centrum, Amsterdam, Holland. - The breakdown of a
point-plane gap in electronegative mixtures near atmosphe-—
ric pressure begins with the formation of a low conductivi-
ty filament. At this stage, the (o - n) coefficient is ne-—
gative (a ionisation, n attachment) within the filament so
that the current decreases. This decrease is however follo-
wed by a sudden increase leading to the transient spark.
Till now only qualitative explanations of the lncrease in-
volving detachment or ionization by new space charge waves
have been given. In this paper a different model is propo-
sed. The rather small current is enough to increase the
neutral temperature within the filament. The resulting in-
crease in pressure has the tendancy to relax to the normal
external pressure inducing a decrease in density within the
filament. As a result E/N rises until (o - n) becomes posi-
tive, leading to the final current increase. The model
leads to hydrodynamics equations (similar tc!) and electri-
cal equations which are sgolved numerically to compare theo-
ry with experiment.
1 G.L. Rogoff, Phys. of fluids, 15, 11, 1931 {1972).

KA-4

Prevention of Spark Development in Intense Corona
Discharges. M. J. KOFOID;_ﬁeattle, Wash. -~ A pnractiecal
means has been developed which allows greatly increased
corona currents to flow between m field-concentrating
cathode and a plane unclean anode without sparking. Basic
operation is not that of a current limiting resistor. Imn
the case discussed the anode is covered with dust of high
enocugh resistivity p to produce back corona; voltage due
to electron deposition on the dust causes breekdowns in
the dust, With a2 simple metal anode ionizetion from a
breakdowyn would trigger a spark. The improved "resistive"
anode has the metal surface covered with high dielectric
strength materisl of specific high P. Before a discharge
precipitated by a breakdown cen contract enough at the
anode spot to convert from a low- to a high-current-
density form, i1.e. into e spark, the voltage drops in the
resistance material immediastely beneath the anode spot
produce counter-escting expansion forces sufficient to
prevent spark formation. From a study of anode spot
development photographs of J.¥.Sommerville and C.Granger
it was estimated that the anode spot radius mey contract
to perheps 0.03% mm without forming e spark. The resistive
coating thickness should nesd to be only a few times
greater; a 0.25 mm thick coating with o = 1010 ohm-cm
heas been found to be sufficient.
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KA-5
Surface Arcs. G.H. ECKER, Ruhr-Univer-

sitdt, Germany -- We investigate under what
conditions in the absence of an external elec-
tromotive force an arc can operate on the sur-
face of a wall in contact with a plasma. wWe
call such an arc a "plasma induced arc". In
addition to the crucial cathodic processes, we
study the anodic current flow and here we con-
sider especiall¥ the example of the so-called
"unipolar arc"." Conditions are formulated for
the existence of such an arcing phenomenon
operating in a restricted area on the surface
of a wall in contact with a plasma. Phenomena
affecting the operation of this mode are dis-
cussed.

lA.E. Robson and P.C. Thonemann, Proc. Phys.

Soc. 73, 508 (1959)

KA~-6

A Cold Cathode Glow Discharge Electron Gun, D,L.
JORDAN, RSRE, MOD(PE), Baldock, Herts., G. G. ISAACS,
GEC, Hirst Research Centre, Wembley, Middx, England--
Measurements have been performed on a cold cathode glow
discharge electron beam gun at voltages up to 160 kv,
current densities of 1-2000 A/m2 and pulse lengths of 10-
100 ps, with the aim of understanding the discharge physics
of this low pressure (~ 30 mTorr) device. Scaling of the
electron beam aperture from 25 mm x 150 mm to 100 mm x
1000 mm has been successfully demonstrated. Tailoring of
the electron beam profile can be achieved by modifying the
electric field distribution near the ion sheath-plasma
boundary, the length of the ion sheath adjacent to the
cathode being a function of both gun current and voltage
for a given gas. The advantages of incorporating an
auxiliary discharge (both dc and pulsed) into the plasma
region of the main gun are described. Modulation of this
auxiliary discharge to provide short (< lus) electron
beam pulses has been carried out; to achieve this it is
necessary to enhance the recovery processes in the device.
Finally, the application of the gun to both 1 kJ single
shot and high pulse repetition frequency (~ 200 Hz) elec~-
tron beam COy lasers is described.
Copyright @ Controller, HMSO London 1977
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SOLUTION OF THE COLLISIONLESS PLASMA - SHEATH
EQUATION FOR I0ON EXTRACTION THROUGH AN APERTURE*
J. H. Whealton and J. C. Whitson, O0ak Ridge National
Laboratory--Solution to the Poisson-Vlasov equations
for ions extracted from a plasma is found in two
dimensional axially symmetric geometry assuming a
Boltzmann density of equilibrium electrons. The region
of. consideration is 1) where the jon-neutral mean-
free-path is much larger that a debye length and aper-
ture size, and 2) debye length on the order of aperture
size or smaller. The variation of sheath position
shape and thickness as a function of aperture radius,
source plasma density, potential {relative to extraction
boundary), and electron temperature will be described
explicitly. Alsoc considered are the effect of these
parameters on the ion flow with particular emphasis
on causes of nonlaminar flow, sensitivity of ion flow on
slow plasma density fluctuations, and ifon transmission
through the aperture.

*Research sponsored by the Energy Research and
Development Administration under contract with Union
Carbide Corporation.

KA-8

Investigation of the Velocity Distribution of
Neutrals in the Wall Region of Low Pressure He-Discharges,
J. HACKMANN and J. UHLENBUSCH, Physics Institute IT,
University of Dusseldoxrf, 4000 Dusseldorf, FRG.--The
velocity distribution of neutrals in the wall region of
low pressure He-discharges (n ~ 1015 cm~3) was calculated
from Boltzmann's equation, Charge transfer and ionisa-
tion processes as well as particle-wall interaction were
taken into account. The results are compared fo experi-
mentally determined velocity distributions derived from
Doppler broadened line profiles. Experiments and cal-
culations show strong deviations from a Maxwellian
distribution.

R
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KB-1

Binary Mutual Neutralisation Rate Coefficients
Determined in a Flowing Afterglow. D.SMITH and M.J.CHURCH
U. of Birmincham, England-- A survey of the measurements
of binary ion-ion mutual neutralisation rate coefficients
determined in an ion-ion flowing afterglow pla5m31 will
be presented, Several reactions of+'sigple' iogs have
been studied? such as NO*/NOF , NO'/NO3 and NHj/C1™ as
well as several 'cluster ion' reactionsJ suchas
H30*(H20)3/N05 and NO*(NO02) 5/ N0 (HNO3 )5 5 all ions being
mass identified. Much of the data is, ds yet,unpublished.
The variation of the NO+/NOé'reaction has also been
obtained over the temperature range 185-530K * and is
consistent with theoretical predictions. The binary rate
coefficients for all the reactions studied to date lie
within the limited range 3.5-9.5(-8)em3s-1, significantly
lower than those deduced from merged beam experiments.
The significance of the data to ionospheric de-ionisation
will be briefly considered.
iD.Smith and M.J.Church, Int.J.Mass Spectrom.lon Phys.

19, 185 (1976)
2M.J.Church and D.Smith, Int.J.Mass Spectrom.lon Fhys.
23, 137 (1977)
D.Smith, NeGeAdams and MsJe.Church, Planet.Space Sci.
2, 697 (1976)

L5ismith and M.J.Church, Planet.Space Sci. 25,433(1977)

-2
«B Mutual Neutralization of NH, T(NH,) Tons with
NO,~ and Cl-. M.J.CHURCH, D.SMITH, and T.M,MILLER, U. of
Birmingham--Measurements will be described of the rate
coefficients 0¢ for the two-body mutual neutralization of
positive ions of the tyve NH +(NH3)ﬁ with some negative
ions including NO,~, ©17, and NO9*(HNO3)n 4 - These
were obtained using an ion-ion f owing’afﬁéfglow plasma.
The magnitude of X for the "simple" ion reaction NH4+ +
c1™ (7.0 x 10=2 em3s=! at 300 K) is typical of those
previously reported for simple ions,“ and over a Jimited
temperature range is again consistent with the T~2 depen-
dence vredicted theoretically. The clustering of NH
molecules to NH4+ does not chan%e & significantly (2.g.,
M, *(MH3), + CL7, &= 7.9 x 10-5 onJs-1). The same con-
clusion is also apparent even for the neutralization of
NH4+(NH )n cluster ions with large negative ion clusters,
BeZay NOq= (HNO3)n. However, the derived cross ssctions
for the eluster ions are somewhat higher than those for
the simple ions. The significance of these data will be
discussed in relation to current theoretical models and
to atmospheric de-ionization.
1. D. Smith and M.J. Church, Int. J. Mass Spectrom. Ion
Phys. 19, 185 (1976).
2. D. Smith, N.G. Adams, and M.J. Church, Planet. Space
Sci. 24, 697 (1976).
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KB<

3 Theory of Three Body lonic Recombination for
Different Tonic and Neutral Particle Masses,® J. M.
WADEHRA and J. N. BARDSLEY, Univ. of Pittsbur he ==
The theory of Natanson for the three body jonic re-
combination is modif¥ed to include the case when the
neutral particles and the positive angd negative iong
have different masses. The three body ionic recom-
bination coefficient, an important parameter in the
study of laser Plasma, is calculated for various
Systems using this modified theory. No experimental
data are available for comparison with the present
results,

*hig research was supported, in part, by the Advanced
Research Projects Agency of the Department of Defense
and was monitored by ONR under Contract No. NOQO1k~76-
0-00980

KB-4
Three-body Recombination Rate for K+-e in Argon.
L. D. SCHEARER, University of Missouri-Rol7a.*--An unique
technique has been developed to measure the loss rate of
alkali metal jons duye to 3-body recombination processes.
The new method appears to have a number of distinct ad-
vantages over current experimental methods. Approxi-
mately 35 kw_from an N, pumped tunable dye_laser (band-
width, 0.2 A"- pulse width 4 ns) at 4046 A° is focu§sed
into a cell containing potassium meta] vapor at 200 C
and 0.9 at@osp eres of argon. The 4046 A photons satu-
rate the 4°S-5°p transition; a second photon ionizes the
52P atom. Both processes are saturated; consequently,
the initial ion density is a known parameter depending
only on the potassium vapor pressure. A 3-body radia-
tive recombination Process populates excited levels of
the potassium system in the afterglow of the pulsed
excitation. The ti@e dependent decay of the radiative o
emission from the 6¢§ and 72S levels at 6939 and 5802 A
is observed. We obtain g preéimina;y recombination rate
constant, K = 6.3 x 10728 o~ sec ' for the potassium-
argon system.

*Supported by the 0ffice of Naval Research
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KB-5

Merged Beam Studies of the Dissociative Re-
combination of CHY,” J.B.A. MITCHELL, J.WM. McGOWAN and
H.R. FROELICH, Dept. of Physics and Centre for Chemical
Physics, The University of Western Ontario, London,
Canada.--Theoretical models for molecule formation in
interstellar space have been singularly unsuccessful in
explaining the observed abundances of CH and cH' in
diffuse interstellar clouds. Agreement between theory
and cbservation has only been reached by artificially
assuming a very low rate coefficient for the dissociat-
ive recombination of CH'. Recent measurements of this
process have been made in the energy range <1072 eV to

" 0.45 eV using a merged beam apparatus. It has been

found that in fact electrons recombine rapidiy with CH
ions and that at 107% eV (1160K) the cross section is
(4.0 * 0.5) x 1071* em? corresponding to a rate coef-
ficient of approximately (2.4 * 0.3) x 1077 cm® sec” !.
As the electron energy is increased, the ecross section
decreases exhibiting an g~ (0.9 £ 0.1) dependence. A
systematic investigation of the effects of varying the
ion source conditions is continuing and will be dis-
cussed at the conference.

* Supported by National Research Coumcil of Canada.

KB-6

Dissociative Recombination in Kryption:Dependence of
the Total Rate Coefficient and Excited-State Production
on Electron Temperature.* YUpH-JAW SHIU and MANFRED A.
BIONDI, Univ. of Pittsburgh. -- Microwave afterglow and
grating spectrometric apparatus are used to study dis-
sociative recombination in krypton. Over the eleciron
temperature range 300 K £ T, < 8400 K and with T, =
Tgas = 300 K, the total rate coefficient may be repre-
sented by ofKrp*] (cm3/sec) = 1.6 x 10~6 [300/T, (K)]0.55,
with an uncertainty of ¥ 30%. At thermal energy (300 K)
excited states of Kr* having energies up to that of the
Kro* ion in its ground electronic and vibrationsl state
are observed to result from the dissociative recombina-
tion. - With microwave heating to Tg ~ 7000 K additional,
higher-lying Kr* states (up to ~ 0.5 eV above the Krot
ion ground state) are observed. In both cases the
excited states most strongly populated by dissociative
recombination appear to be the 5p states.

*Ihis research was supported, in part, by the Advanced
Research Projects Agency of the Department of Defense
and was monitored by ONR under Contract No. NOOO14-T6-C-

0098.




KB-7

Electron Temperature Dependence*of Recombination of
Hydronium Cluster-Ions and Electrons. C. M, HUANG,
M, WHITAKER, M. A. BIONDI and R, JOHNSEN, Univ. of
Pittsburgh, -- The very weak dependence of the recombi~
nation coefficient o« on electron temperature T_ for
electron capture by lons to which polar molecules are
c¢lustered has been investigated further in studies of
the hydronium series ions, HgO*.(H,0),, with n = 0 to 5.
As was found for the ammonium series ions,
the variation of o with T, over the range, EOKSTe$6800K,
is much closer to Tg0 tha.n to the usual Te"2 dependence
for dissociative recombination of simple, unclustered
ions. For the n =2 and 3 clusters ; we find
ol 55+] (cm3/sec) (3.0% 3)x10°6 6[ 300/ T (K)]+ 080k ang
ol 73] (em3/sec)=(3.6%.4)x10" [300/51' (k)]-00%.0L,  mhe
dependence of o on T, for the hlgher clusters, n-J-L and 5,
also appears to be ciose to Te ..

*ihis work was supported, in part, by the U.S. Army
Research Office (DAAG-29-76-G-0343).
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La-1 Parameter Studies on a CO Reactor-
Excited Laser at Room Temperature.* David A,
McArthur, Sandia Labs, Albuquerque, NM 87115.
Measurements of laser pulse energy and of laser
pulse shape within three wavelength bands near

5 Um have been made, for a room-temperature CO
laser excited by fission fragments. Total gas
pressure, CO diluent (He or Ar), peak excitation
rate, and output mirror reflectivity were wvaried.
Following a partial optimization of these param-
eters a peak laser power -~ 8 watts was obtained,
in pure CO at ~ 50 Torr pressure. This is
believed to be the highest power yet obtained
from a room-temperature reactor-excited laser.
Measurements of this type at 77K and 300K should
help shed light on the amount of vibrational
excitation produced by fission fragments and on
the poorly-understood excitation mechanisms,
because many potentially important excitation
mechanisms (electronic recombination, V-V
collisions, quenching) are functions of gas
temperature.

*Work supported by U.S. E.R.D.A.

1A-2

A Nuclear Pumped Laser Using Ne-CO and Ne-CO»
Mixtures*, M, A, PRELAS, J. H, ANDERSON, F, P, BOODY,
S.J.5. NACALINGAM and G. H. MILEY, University of I11.,
Urbana--Nuclear pumped lasing has been achieved using
the Illinois TRIGA reactor at 1.45 ¢ in Ne-CO and
Ne-C02 mixtures. The laser transition occurs in
neutral carbon, and as is the case with He-CO>!, is
delayed several milliseconds past the peak of the
neutron pulse. This is in contrast to the He-CO laser
where no delay was observed,’! The delay phenomenon has
important implications when possible excitation mechan-
isms are considered and for applications involving
energy storage. In both Ne and He, the excitation
mechanism must involve two or more collisions between
metastable species and CO or COs, Similarities and
differences between the He-CO and Ne-CO systems will
be discussed, and pressure-mixture data for the Ne
laser will be presented.

M. A. Prelas, M. A, Akerman, F. P. Boody, and
G. H, Miley, Applied Physics Letters, to be published
{October 1977), :

*Work sponsored by ERDA Division of Physical Research
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LA-3. :

Optically Pumped Atomic Iron Laser*,

Daniel W. Trainor and Siva A. Mani, Avco Everett
Research Laboratory, Inc. -- A technique for produc-
ing stimulated emission in an optically pumped atomic
iron system at room temperature will be described.
The required iron density (~101% atoms/cm?3) for
single pass amplified spontaneous emission was pro-
duced at room temperature in a low pressure (50 torr)
discharge of iron pentacarbonyl and neon. A commer-
cial KrF laser producing output powers of up to 1 Mw
was modified to improve the beam quality, and the
beam was focused into the éiischargf cell. Resonant
processes involving the 3d~ 4s 4p {°F°) intermediate
state of iron and the KrF laser field (A = 248 nm)
produced stimulated emission near 300 and 304nm in
agreement with theoretical predictions.

*Work supported by the Defense Advanced Research
Projects Agency under Contract No. N0014-76-C-1162.

LA-4

Population Inversion for the Resonance
Transitions.of Atoms in Recombining Plasmas.
W.L. BOHN, DFVLR-TInstitut flir Technische Physik,
Stuttgart, FR Germany.--
Rapid cooling of a highly ionized plasma pro-
duces population inversions among various excit-
ed levels of the recombining ions or atoms. At
high densities inversions with respéct to even
the ground level of hydrogenlike ions have been
considered as well.- In this paper we analyse
the time history of such ground level inver-
sions for realistic initial conditions. It is
shown that recombination of the ground level of
an ion is not the absoclutely predominant inver-
sion mechanism, as has been reported elsewhere.
Consequently, laser action in the resonance
transitions of atoms is to be expected. Inver-
sion density and gain calculations are present-
ed for the Lyman lines in hydrogen. Considerably
lower cooling rate requirements let appear this
potentially efficient short wavelenght atomic
laser more feasible than previously propose
schemes in multiply charged ions. )

119




LA=5 A Technique for Determining Gas Temperature and
Atomic Density from Absorption Measuréments”. TL..H. TAYLOR,
R. B. FELDMAN, D, W. FELDMAN and C. S. LIU, Westinghouse
R&D Center--We have developed a general technique for
determining simultaneously both gas temperature and atomic
number density of glow discharge constituents. A
theoretical line profile is fitted, by minimizing the
least squares, to the measured profile. The ground state
or excited state density is accurately determined for a
wide range of discharge operating conditions but the
temperature can only be determined within a restricted
range of discharge operating conditions. The technique

is most accurate in the same region where absorption is
most easily measured, i.e., 30-60% absorption. As an
example of its usefulness we have applied this technique
to the measured absorption of tunable dye laser radiation
in CuBr laser discharges. The radial and temporal
variation of both the ground state Cu density and the

gas temperature were determined. In this case the
temperature cannot be easily measured by other methods,

%
Partially supported by ONR Contract NOOOLl4d-74-C—0445.

LA-6
Temporally Resolved Cu Density Measurements in

Continuously~Pulsed CuBr Laser Discharges.* C. S. Liu,

D. W. Feldman and L. A. Weaver, Westinghouse R&D Center—
Copper ground state and metastable densities have been
measured in the afterglow of continuously pulsed CuBr
laser discharges using the absorption of tunable dye
laser radiation. Dissociated copper densities as high as
1016 cm—3 were measured at 550°C corresponding to 6%
dissociation. The copper density decays at 550°C with a
rapid time constant of 35 psec followed by a V160 Usec
decay attributed to copper diffusion to the walls. Near
laser threshold at 400°C dissociation fractions approach
30%Z with corresponding decay times of 52 usec and 210
usec. Copper metastable densities of 1013 cm~3 were
measured at 550°C, with observed lifetimes of 8 usec.
These measurements were performed on a multipulse basis
across the discharge tube diameter. Axial depletion of
the copper density was observed as the discharge burst
developed, and has been correlated with corresponding
decreases in the laser output energy. The effects of
gas heating and radial cataphoresis on axial depletion
of the copper species will be discussed.

*Partially supported by ONR Contract No. NOOQ14-74-C-0445
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LA-7

Diffusion Processes and Quenching Mechanisms in
Metal Vapor lasers.* B.G. BRICKS, T.W. KARRAS,
R.5. ANDERSON and R.J. HOMSEY, GE Space Sciences Lab.--
The output power of several efficient pulsed metal vapor
lasers (Cu,Pb,Ba) shows a roll-off as the temperature of
the active zone is increased beyond the optimum value
for each particular metal. Thus the continued increase
in metal atom density does not result in a corresponding
increase in laser pulse energy. The dependence of the
roll-off and the intensity distribution in the laser
spot on temperature, diameter of the discharge tube,
repetition rate and buffer gas pressure implies that
this phenomena is caused by a reduction in metastable
lower laser state quenching at the wall of the discharge
tube with a resulting build up of metastable atoms in '
the volume of the discharge. Furthermore, the data sug-
gest that the reduction in quenching is controlled by
the diffusion of the metastable metal atoms in their own
atomic vapor as opposed to the discharge buffer gas.
Estimates can be made for the relative momentum-transfer
cross section for the two processes for one case. Some
experiments alsc indicate possible volume deactivation
of the lower laser state.
*Supported in part by AF contracts F33615-76-C-1137 and
F33615—77—C-1078,_§nd Navy contract N0O0014~76-C-0975,

LA-8
Charge Transfer Pumping of the Helium-Nitrogen Laser
in an Electrical Avalanche Discharge at Atmospheric Pres-
sures.* C.B. COLLINS, K.N. TAYLOR, and J.M. CARROLL,
Univ. of Texas at Dallas——An Atmospheric Electrical Aval-
anche (AFA) laser, stabilized by displacement current
preionization, has been developed to support the study
of the collisional pumping of the Not, B>X, electronmic
transition by the kinetic steg

Heyt + Ny + He » Nyt(825,) + 3He. (1)
With proper preionlzation, the AEA laser has been oper-
ated at a P%F of 10 to 20 Hz in an avalanche mode at 100
to 200 A/cm“ and E/p of 10 v/em/torr. 5 pressures from
1 to 8 atm an essentially uniform, 30 cm” volume contain-
ing a high concentration of Hept has been produced, Re-
sulting laser output pumped by reaction (1) has ex-
ceeded B00KW peak power at 4273 X in a 4 nsec pulse,
Efficiency with respect to the electrical power flowing
through the laser tube has exceeded 0.5%.

TR R

*Research supported by ONR Contract No. N00014-77-C-0168.
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LA-9
The Modelling of Heg + Ny Laser. W. W. Jones and A. W.

Ali, Naval Research Laboratory.--A kinetic model for the

He} + N charge exchange laser, excited by electron
beams in a high pressure He, N, gaseous mixture have
been developed. The charge exchange process excites
the upper laser level, NE (BZZ) with lasing action
occuring in the (0,0), (0,1) and (0,2) transitions of
the Nj first negative bands. The power output and the
inversion density in these bands depend on N, partial
pressure which affects them in two ways. One is the
quenching of the upper laser level directly by N, and
the other is the He® + N, charge exchange leading to
N;.(CZ,'v=3) state which decays partially to lower NE
ground state vibrational levels. These and the
dependence of the power output on total pressure and
electron beam energy will be presented.

LA-10

EXCITATION MECHANISM OF THE He-Se LASER,
W. L. Little, J. K. Boyer and G. J. Collins, CSU --
We have investigated the behavior of spontaneous
emission in the afterglow of a He-Se discharge in
order to determine the major excitation mechanisms
operative in.the selenium ion laser.

A charge-transfer reaction of the form,

He* + Se -~ (Se*}* + He + AE, Reaction (1)
is found to be the dominant excitation mechanism of the
selenium ion laser. The total velocity average des-
truction cross section o(He*-Se) has been measured. In
addition the three body recombination rate for the
reaction,

Se + Se + X + Se; + X, Reaction (2)

(where X is a third body) has been estimated from our
afterglow measurements.
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LA-11

Experimental Determination of the Collisional
Excitation and De-excitation Coefficients of the Upper
Laser States of Ar*. J. JOLLY and J.L. DELCROIX, Lab.
Physique Plasmas, 91405 ORSAY-FRANCE.-—The absolute
concentrations of the argon ilon states (3d, 4s, 4p, 4d,
5s) have been measured for a pulsed laser discharge
(25 us) whose plasma parameters have been previously
determined(l).“Eor.thﬁuresonaﬁt.1eVels,.meaéurements” -
were made by self—absorption(z)and for all other levels
by absolute spectroscopic observations. The variation of
the population of these levels as a function of discharge
current and pressure, 1.e. electron temperature and
density, allowed the calculation of the total excitation
and the total de-excitation coefficients due to electrons
as a function of temperature for each laser-level. For
excitation, collisions with the fundamental (3p5) and
long-lived states {(3d, 4s) were taken into account,
while for de—excitation electronic superelastic, excita-
tion and ionization collisions had to be considered.
(1) J. JOLLY, J. Phys. (Paris) 38, 659 (1977).
(2) J. JOLLY and M. TOUZEAU, J.Q.S.R.T. 15, 863 (1975).
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LB-1
Collisional Relaxation of Jonie 2?3/2
Excited States in Rare Gases. E.W. WEBER ¥ and
W. BUTTLER, Phys. Inst., Univ. of Heidelberg.-~-
Optical pumping with the D, line is used to
study the depolarization of the first excited
2P3,9 states of alkaline earth ions and Yb+
ions in collisions with rare gas atoms. The

6p 2P3;9 deorientation cross sections for the
even isotopes of Ba* and Yb* ions are obtained
(in units of 10-16 cm2):

rare gas He Ne Ar Kr Xe
g4 (Ba%®) 79(11) 89(13) 123(18) 152(22) 204(30)
o4 (Yb*) 60(10) 62(9) 107(18) 133(17) 167(37)

The cross sections are discussed in comparison
with theoretical calculations and those of iso-
electronic atoms. The comparison of the 2Pj3/9
relaxation of even and odd (I=3/2) isotopes of
Bat allows to draw conclusions on the nature of
the depolarization interaction.

+
Present address: Dep. of Physics, Stanford
Univ., Stanford, CA 94305

LB-2

O(IS) Production Through Collisional Electronic
Energy Transfer From Two-Photon Excited Xe Atoms.* D,
KLIGLER, D. PRITCHARD, W, K, BISCHEL and . K. RHODES,
Molecular Physics Center, S,R,I, International--The
observation of electronic energy transfer to XeQ( L)
from xenon atoms excited by two-photon absorption is
reported, Electronically excited xenon atoms in the
5p36p configuration are produced through two-photon
excitation at 248.4 om (KrF*), Subsequent energy
transfer from excited rare gas atoms and dimers to NZO
in dissociative processes leads to the appearance of
O(IS) which is observed through the detection of the
characteristic green emission of Xe(. These measure-
ments are in agreement with estimates of the relevant
two-photon amplitudes for Xe and N,0. Kinetic studies
utilizing these techniques provide a flexible method for
the study of selective excitation and energy transfer in
a wide class of atomic and molecular materials.

*Supported by the USERDA.
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LB-3 + *
Quenching of N, (A3x, *) By I,.™ A, MANDL and

J. J. EWING, " Avco Everett.-- Production and
3 +
decay of NZ A zZ, (

photoelectrically from the sensitized flucrescence of

=0, 1, 2) states were monitored

NO y-bands. These states were produced by colli-
sional transfer from excited Xe (154) which in turn was
produced by radiative energy transfer via resonance
radiation (147 nm) from a closely coupled Xe flash
lamp. The rate coefficient for the deactivation of
NZ(A3Zu+) by '12 was measured ask; = 6.9+ 1.9 x

2
10-12 cma/sec. The deactivation by NO itself was

-11

measured as kNO =4, 5% 0.5x10 cm3/sec.

*Work supported by ERDA, Contract# EY-76-C-02-2811
**Present address, Lawrence Livermore Laboratory,

Livermore, California 94550.

LB-4

~ Chemiluminesence Studies of Alkaline Earth Colli-
sion with Metastable Argon. J.H. GOBLE D.C. HARTMAN and
J.S. WINN "Univ. of California, Berkeley. -- Electronic
energy transfer from metastable Ar to the alkaline earths
Mg - Ba were studied in a high temperature flowing after-
flow apparatus. Light emission from atomic excitations,
excitive Penning ionization processes and associatjve
ionization processes were considered. Comparison of
these emissions to Kr emissions of known excitation
cross-sections allowed rate constants to be evaluated in
favorable cases. The atomic triplet manifold was strong-
ly excited in these metals, and excitive Penning foniza-
tion was found to be a major chemiluminescent channel.
The bonding and potential energy curves for the associa-
tive fonization products have been explored in detail
and a simple (exponential, 4) model potential which in-
cludes the effective charge of the metal as a variable
was found to give an excellent description of the true
potential.
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LB~5

Excitation Reactions of He(23S) and Ar(3P0 2)
Metastable Atoms with CHz, CoHz, CopHy, Cyclo—C3Hg, CeHe,
C¢Fg and CgFsH. G.W. TAYLOR, Los Alamos National Labora-
tory; R.S.F. CHANG and D.W. SETSER, Kansas State U.--The
@éxcitation reactions of He(23S) and Ar(JPO 2) atoms with
hydrocarbons, CgFg, and CgFsH have been examined via
spectroscopic observation of emission from the product
fragments using the flowing afterglow technique. Rate
constants for excitation channels were assigned by com—
parison to reference reactions. The only gignificant
emission with Ar(3P0 ) was from the reaction with Colsp
which gave CZ(A—X) and a visible continuum which may
originate from CoH. Reaction of He(ZBS) with hydrocar-
bons gave primary emission from CH, Cp and H. With CgHg
the C6H6(132-1A1) molecular emission, which probably
arises via a secondary process, was found. Excitation
channels account for 8% of the total quenching reaction
with CyHp; and is much less important for the other
hydrocarbons. The only observed ionic emission obser-
ved from hydrocarbons was the very weak cHt transition
from CoHy. 1In contrast He(23S) with CgFg and CgFsH
gave relatively strong emission from the parent ion.

LB-6

Reaction Rate Measuremants of
Helium Metastable §Eoc§es at AEmosBEeric
Pressures.” A.J. Cunningham en .D. Myers,
Univ. of Taxas-Dallaa.-—Quenghing reaction
studies of He(2°S; and He2{2-°%) metastable
species have been extended to include reac-
tions with additives,N2 and 0-. The work was
accomplished employing resonance absorption
spectroscopy in the afterglow peried of elec-
tron beam discharge excited plasmas of helium
at .5-5 atms, with admixtures of 1 to 100
mTorr. Destruction rates were determined
by simple extension of a model developed for
pure afterglows. For the atomic metastable
species both bimolecular and termolecular
processes were measured, while for the mole-
cular metastables only bimolecular destruc-
tion was ebserved., Additionally, the product
statg for the termolecular destruction of
He(23S) was ldentified as the molecular
metasteble. '

*Work supported in part by Univ. of Texas-
Dallas Organized Research Fund.
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1B-7
Brnergy Tronsfer Petween Halium VMetastzhle

Particles and Veon.* D.7. SINIE and H.d. OSEAM,
Univergity of Minnesota.--Light emission and zbsorption
spectroscopy was uged to study the energy transfer
machahisms of He(2-5) and He,(2-E) ~with Ne. The time
dependencies of the densities of He(2”3) and He,(2-E)
were compared with those of the neon excited states
during the afterglow of helium-recn digcharges, The
neon conzentration was varied from 10'*% to 107-% at
helium pressures frow 1.5 to 35 torr. The energy ,
transfer mechanism and its cross section for He(2-S)
with !e was found to be in agreement with published
data. The time dependencies of the densities of meon
excitgd stetes shove 17 &V is diffevent From that of
He,(2-R}. The Jensity of the neon metastable state,
Ke(“P»), was found to have the same time derendence zs
that of the density of He,(?-&), althongh there i3 st
least 1.4 eV energy differernce between these states,
Therefore, these studieg <how that *he energy transfer
mechanism hetwesn HeQ(ZBE) and Ne ic a dissgeiative
excitation transfer mechanism producing Ne({Pz).

*Jork supported by the Natioral Science Foundatien
(Grant # ENG=76=10905)

1B-8 '

Penning and Associative Tonization in Systems of
Two Metastable Reactants.® R. H. NEYNABER and 5. Y.
TANG, IRT Corp.——A merging-beams technique has been
used to study chemi-ionization in the He*-He® and He*-
Ne® systems. The He® represents a composite of He(218)
and He 238), and the Ne®* a composite of Ne(3s 3P2) and
¥e(3s O)' Absolute and relative cross sections @ were
obtained. for the Pennin&—ionization (PL) reactions.

He™ + He” + He + HeT' + e ' (1)

He* + Ne* + He + Net + e (2)
and the associative—ionization (AIL) reactions

He: + He: > Het + e (3)

He™ + Ne” - HelleT + e . (&)

The measurements were made for a relative kinetic energy
W of the reactants from mominally 0.01 te 10 eV. The
data indicate that both systems are attractive, that Re-
actions (1) and (2) are directed, and that for W < 0.1
eV the ionization associated with each system is con-
trolled by van der Waals forces. Well depths of each
molecular system can be approximated from the measured
energy distributions of the Penning ioms.

*Research sponsored by the Air Force Office of Scientif-
ic Research and by the Office of Naval Research.
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LB-9 ] + *

Charge Transfer in Collisions of He™ with Ne”.t
S. Y. TANG and R. H. NEYNABER, IRT Corp.——Absolute and
relative cross sections were made of the near-resonant,
endothermic charge~transfer reaction

Het + Ne* > He® + Net - AE . ;

The studies were made by a merging-beams technique for a ’
relative kinetic energy W of the reactants from thresih-
old (0.08 eV) to 500 eV. The Ne% represents a composite
6f Ne(3s 3p,) ard Ne(3s 3Py), and is generated by pdss<’
ing Net through Na vapor. In the range W < 350 eV the
following channels appear to be the only significant con-
tributors to the overall signal

et + Ne(p) + He(235) + Ne+(2P3/2) - 0.08 eV (a)
He™ + Ne(Zp,) » He(235) + Ne+(2P3/2) - 0.17 eV (b)
et + Ne(3PO) > He(238) + Ne+(2P1/2) - 0.18 eV (c)
wet + Ne(3p,) + He(235) + Ne+(2Pl/2) - 0.27 eV (d)

Above 50 eV there are other contributing chamnels. In :
addition to presenting cross—section data we will show ;
some measured laboratory energy distributions of the

product Net from which information on angular scattering
in the c.m. system can be deduced.

+Supported by the 0ffice of Naval Research.

LB-10
Reactions of metastable excited ions of O, O, and NO with O _,N
Cco, Co NO, H, and Ar at thermal energies, J. GLﬁSIK, A. RAKSHIT and
N.D, T%IDDY, UfC.W., Aberystwyth, and N.G. ADAMS and D, SMITH, U. of
Birmingham, U.K.--A srrTl system employing an fon source having a high
yield of the metastable fons 0F(2D), 0%(%e), 0,*(a%m ) and not(a’Eh
has been used to measure the reaction rates of these ions with atmos-
pheric gases. In most cases, the ground states of these ions do mot
react with the neutrals (endothermic) but when g.s. reactions are
possible, the excited ion reaction is usually much faster and is
comparable to the Langevin limit. In reactions imn which there is
more than one ion product, branching ratios have been estimated and
in some cases additiomal product jons are observed in the metastable
ion reaction. In a number of cases, collisional electronic state
quenching is faster than the reaction with the neutral and the
quenching rate constants have been measured using am ion monitor
method. The implications of these data to ionospheric chemistry

will be briefly discussed, Good agreement is obtained with results
of Lindinger et al? for Oé+(a4nu).

IN. G. adams and D. Smith, Int. J. Mass, Spectrum Ion Phys. 21,

349 (1976).

2y, Lindinger, Albrittom, McFarland, Fehsenfeld, Schmeltekoff and
Ferguson, J, Chem. Phys. 62, 4101 (1975).

ot* + Ny — Bt + 0(> 90%) Kgs B* Ky,
~
not + 1.4(-12) 1(-9) 1(-9)emis~l
0,7 + Ny =N, + 0, endothermic 6(-10} 8(-10)

wot* + co—cot + No n 8(-10) 8.6(-10)




LB-11 4%

Flow—Dfift Tube Studies of the Reactions of NO with

EQ,‘COQ, CH#’ SOQ, and Ar,* I. DOTAN, D. L. ALBRITTON,

and F. C. FEHSENFELD, NOAA Aercnomy Laboratory, Boulder,

. .
C0, 80302.---The reactions of metastable NO'' ions with a
variety of neutral molecules have been studied in the
center-of-mass kinetic energy range of 0.04 to 2 eV, Be-
cause of the low ionization potential of NO, these reac-

. - + .
tions are endothermic for ground-state NO ions. However,

b
for metastable NO' ions, almost all of these charge-
transfer reactions are fast; i.e., the rate constants are
near their gas-kinetic limiting values. The reaction with
Ar is an exception. The rate constant is 1.5 x lo_locmsfs

10 cm3/s at
2 eV mean relative kinetic energy. The reaction of No'

at room temperature and increases to 9 x 10

with SO2 has two ionic products: 802+ and SO+. At room

. . + .
temperature, the major preduct is 80, , since SO+ pro-

2
duction is endothermic. However, at higher energies, so”
is the dominant product ion.

* This research supported in part by DNA.
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MA-1 :
Photofragment Spectroscopy of Ozone in the UV
Region 270~310 nm and at 600 nm". C.E. FAIRCHILD,T
E.J.STONE, 7T an@ G.M. LAWRENCE, LASP, Univ. of Colo.--
Both 0(3p) and o(iDp) atom fragments are observed in the
photofragment speétroscopy of O3 in the Hartley Band ab-
sorption region 270-300 nm. In this wavelength interval
the average quantum yield for 0(3P) is 0.1. The disso-~
ciation partner for o(3p) is 05 (X 325) and that for 0(lp)
is Oz(a IAg). The 0,(X 3I3) fragment is populated in a
range of vibrational levels from v = 0 to v = 10. For

the 05 (a lAg) fragment, all energetically accessible
vibrational levels are populated at each energy of
bombardment. In the Chappius bands at 600 nm the 05 (X 325)
photofragment is produced principally with v = 0,1. Photo-
fragment angular distributions are measured in the uv for
both O atom dissociation products at each wavelength of
bombardment. & theoretical angular distribution for o(lp)
is derived; and the resultant prediction is in good agree-—
ment with the experimental results.

*Research supported by NSF Atmospheric Research Section,
and by NASA Research Grant NGI, 06-003-052,

TITLA-LASP Visiting Fellow, 1975-76.

. ttPresent address: NOAA~ERL, Mail Code R448, Boulder, CO
80302,

MA-2

Photofragment Spectroscopy of 0C10 in the Wave-
length Region 300~340 nm.* C.E. FATRCHILD! and G.M.
LAWRENCE, LASP, Univ, of Colo.--Photofragment time-of-
flight spectra obtained from the photodissociation of
0OC10 in the region 300-340 nm indicate that the dissoci-~
ation products are O(3P)¥-C10(X I}, with considerable
vibrational excitation of the Cl0 fragment. Photo-
fragment angular distributions are also observed; and
these results will be compared with the models for the
near uv dissociation of QClo.
*Research supported by the NSF Atmospheric Research
Section, and by NASA research grant NGL 06-003-052.
TSummer'Visiting Fellow, 1977. Permanent address:
Physics Dept. Ore. St. Univ., Corvallis, Ore., 97331.




MA=-3

Predissociation and Photofragment Spectroscopy of
Quartet States of 0,%.* J,T. MOSELEY, M. TADJEDDINE,
B.A, HUBER, R. ABOUAF, and P,C. COSBY, Molecular Physics
Center, SRI International--The near-threshold photo-pre-
dissociation originating with the metastable a Aﬂu state
of 02+ has been investigated using a new coaxial-beams
photofragment spectrometer.1 When the wavelength is
scanned near 5800 & while observing photofragment ot ions
of selected energy, sharp peaks in the ot count rate are
observed. From such photofragment spectra obtained as a
function of wavelength from 5730 to 5870 2 for discrete
dissociation energies varying from 0 to 100 meV, and for
both perpendicular and parallel laser polarizationms,
experimental peaks can be related to transitions between
specific vibrational, rotational and fine structure
levels of the a 4Hu and b 42g' states of 02+. Peaks are
also observed that are identified with transitions be-
tween (a “Tl,,v=4) and £ “1_.
*Research supported by NSF and ARO.
1. B,A. Huber, T.M, Miller, P.C. Cosby, #. D, Zeman,
R.L., Leon, J.T. Moseley, and J.R, Peterson, Rev. Sci.
Inst, 10 (1977).

MA-4 ‘
Photodestruction of Ions Formed in 0,/50, Gas
Mixtures.* J. A. VANDERHOFF, Ballistic Research Lab.
—-Measurement of the photodestruction cross sections for
three thermalized ions; SO0, , 504-, and SO, have been
performed in gas mixtures %approximately 1 'part SO2 to
7000 parts 0,) over a photon energy range of 1.6 to 2.7
evV. The pho%odetachment cross section for SOZ_ varied

smoothly from 0.9 to 1.7 x 107 18n? over this energy
range. No evidence of photodestruction was observed for
SO4‘ and an upper limit for the photodestruction cross

section was estimated as 1 x 10"%n?. 50, was found
to photodissociate over the energy range 1.8 to 2.7 eV
with a photodissociation cross section of approximately

1 x 107 en?.

*Work supported by DNA.




MA-5

Photodestruction Cross Sections of Atmospheric
Negative Tons.* G. P. SMITH, L. C., LEE, P. C. COSBY,
J. R, PETERSON, and J. T. MOSELEY, Molecular Physics
Center, SRI Internatjonal--Photodissociation and photo-
detachment cross sections for most parent and first-
hydrate negative ions of atmospheric importance have been
measured between 1.5 eV (8250 A) and 2.4 eV (5100 R)
using a drift tube mass spectrometer and tunable dye
laser. Thresholds were determined for CO5™+Hy0 (1.7 eV),
0,7 -Hy0 (2.0 eV), 0,” (1.6 eV), and 0" (E,A,=1.60 eV).
Upper limits on the photodissociation cross sections of
less than 1x10719 cm? were obtained for NO,", N03‘,
HCO3-, C04~, and their first hydrates. Structure obser-
ved in the 03" -H,0 and 037 -2H,0 cross sections resemble
that observed for 03' photodissociation. To bettetr
determine the absolute magnitudes of these cross sec-
tions, which are put on an absolute scale by normaliza-
tion to 0~ and/or 0,7, the photodetachment cross sections
for 0 and 0y  were measured relative to D™ between
7000 and 8500 2.
*Research supported by BRL through Army Research Office.

. MA~6
‘Photodissociation of Atmospheric Positive Ions,

P.C. COSBY, G. P. SMITH, J.T. MOSELEY, and L.C, LEE,
Molecular Physics Center, SRI International--Photo-
dissociation cross sections have been measured for 15
positive molecular cluster ions over the wavelength
range of 8600~5300 3‘using a drift tube mass spectrom-
eter and tunable dye laser. The symmetric cluster ions
'04+, NON0+, 002002+, and N4+ are observed to photo- _
dissociate into their parent diatomic ions and neutrals.
The wavelength dependence of each cross section is
similar to that for the direct photodissociation of
homonuclear diatomics, apparently reflecting dissocia~-
tion via a purely repulsive potential surface. Photo-
dissociation of+004+ and 02+-H20 is also observed. The
cluster ions NO -M (M=Hy0, 2H,0, N,, CO, NZO) and
H30t. (H20), (n=0,1,2) are not observed to photodisso-
ciate at these wavelengths. These results indicate the
importance of electron exchange forces in the bonding
of many positive ion clusters, )
*Research supported by U,5., Army Research Office.

*
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MA=7
Formation and Photodissociation of Peroxy N0.,”.%*

J.T. MOSELEY, P.C. COSBY, J.R. PETERSON, and G.P. §MITH
Molecular Physics Centex, SRI International--Ion-molecule
reaction rate studies! have demonstrated that an isomeric
form of N03 , usually written OONO~, is formed by reac-
tions such as

04~ + NO - OONO~ + 0 .

We have studied the photodestruction of NO3  formed in
NO/O , NO5/0,, NOy/Ar, and 02/N20 mixtures. ZIons formed
in the first three mixtures are not observed to photo-
dissociate or photodetach in the visible, indicating
that they are normal, ground state NO5~. However, NOg~
formed in the 02/N20 mixture is observed to photodisso=-
ciate into O, and NO, indicating that this ion is the
peroxy isomer. The wavelength dependence for this
photodissociation has been measured, as has that for the
first hydrate of peroxy NOB—' Possible formation mecha-
nisms for these ions and ionospheric chemistry implica-
tions will be discussed.
*Research supported by BRL through Army Research Office.
1. F.C. Fehsenfeld and E. E, Ferguson, J. Chem. Phys.
61, 3181 (1974).

HA-8 Zero Core—-Contribution Calculation of Photode~
tachment of Atomic Negative Ions Having an Outermost
d-orbitaly W. B. Clodius, R. M. Stehman, and S. B, Woo,
University of Delaware.--The zero core-contribution model
was applied to study the photodetachment of atomic nega-
tive ions having an outermost s or p orbitall and
obtained good agreement with experimental data. This
method is now applied to study the photodetachment of
atomic .negative ions having an outermost d-orbital as is
the case with some transition metal negative ions. The
absolute photodetachment cross section as a function of
photon energy and differential cross section as a funec-
tion of angle are calculated. Contrary to s and p
orbital cases, the cross section of d-orbital ions is
found to rise slowly to a peak amplitude of about
5x10-17cm?, in orders of magntiude, and is usually
located at least 1.5 eV beyond the threshold. The
anisotropy factor, B, varies between 0.2 and -1.0 in the
visible photon energy range for almost all the cases
considered.

Supported in part by NSF.
1R, M. Stehman and S. B. Woo, Bull. Am. Phys. Soc. 22
191 (1977).
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MA-9

. Zero Core-Contribution Calculation of Photodetach-
ment of 0o~ and S5~T R.M. Stehman, Northeastern Illinois
University and S§.B. Woo, Univ., of Delaware--Using a ome-—
electron wave function which is a2 linear combination of
atomic orbitals of a form appropriate for a m, electron
moving in a region of constant potential, the photodetach-
ment cCross section, o, of 09~ and 827 are calculated. The
results for 02 agree with experimental data for the dif-~
ferential cross section and the relative total ¢. The
method determines the absolute ¢ within a factor of two.
It alsc yields relative photodetachment transition probabi-
lities between vibrational levels that are in excellent
agreement with the results of LPES experiment for 027 and
597, if a +1% change is made to the 02~ internuclear dis-
tance reported as a result of LPES measurements. The zero
core-contribution method assumes that the extra electron
of the negative iom is bound by a potential well in a core
region defined by the parent neutral. The contribution to
g from the core region is assumed zero., The informaticn
needed to determine o 1s the symmatry of the highest
occupied molecular orbital of the anion, the equilibrium
internuclear distance, the size of the neutral atoms, the
vertical detachment energies and the Frank-Condon factors
for each wibrational transition.
*Supported in part by NSF.

MA- :

10 High Resclution Photodetachment Cross Sectiom of
a Dipolar Molecular Ion. P, L, JONES, S. E. NOVICK, J. H.
FUTRELL* and W. C. LINEBERGER,? Dept. of Chemistry, U. of
Colo. and JILA, U. of Colo. & NBS/Boulder.--The relative
cross section for the photodetachment of OH™ has been
measured in the threshold region between 14300 cm~1 to
14700 cm~1l with a resolution of 0.5 em~l. A mass ana-
lyzed, near thermal (~700°K) beam of OH™ formed in a drift
ion source was crosssed with the intracavity beam of an
argon ion laser pumped tunable dye laser. Individual
thresholds corresponding to rotational channel openings
have been resolved in selected regions of the P, Q and R
branches. The energy dependences of the thresholds in the
photodetachment cross section vary with rotational branch.
The data provide information on the influence of a rota-
ting molecule with a permanent dipole moment on the thres-
hold photodetachment process. Discussion of these results
and a refined value of the electron affinity of OH will
be presented, :

Research supported by NSF and ARO.
*JILA Visiting Fellow 1976-77, on leave from University
of Utah.

tCamille and Henry Dreyfus Teacher-5cholar.
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MB-1

A 16 um CO9 Lager KineticgModel.* 1L, H. Taylor,
Y. 5. Evangelista, D. W. Feldman and W. H. Kasner,
Westinghouse R&D Center-—A laser kinetics model has been
developed for pulsed 16 um CO2 lasers in mixtures of Cog ,
N2, He, H90, and Hy. The lowest six excited vibrational
levels of CO» are treated in detail. The rotational
manifold for each vibrational state is treated as an
energy reservoir with. each rotational level involved in
lasing being treated individually. The gas température is
described by an energy balance equation and the effects
of external mirrors are treated by a laser photon flux
equation. Eight E/N-dependent electrical excitation
rates and eighteen temperature-~dependent collisional re-
laxation rates are included. Computer solutions have
been compared with experimental results and exhibit the
same qualitative behavior: the electrical excitation of
the gas must be followed by a time delay of about 1 ms to
allow the 0110 laser level to relax collisionally. After
this time delay a 9.4 uUm optical pump pulse can then pop-
ulate the 0290 laser level, thereby causing an inversion
and lasing at 16 um.

%
Partially supported by LASL/ERDA Contract EY-77~C—04~
3914,

=2 Megawatt Operation of an (0,0°,2) » (1,0°,1)
Sequence-Band High-Pressure C0, Laser. Robert A. Fisher,
B. J. Feldman, C. R. Pollock, 5. W. Simons, & R. G.
Tercovich, LASLT.--We report megawatt operation of an
1800 torr 110 kV uv preionized double~discharge CO, laser
on the (0,0°2)+(1,0°,1) sequence band. The gain m&dium
is 154 cm long and the interelectrode spacing is 3.5 cm.
Sequence band lasing in this device is possible because
of the high v; vibrational temperatures we measured
(3000°K at a 0.881:0.095:0.024 mix of He:N :COZ).
Single-Tine sequence band lasing on Tines 6(9) thru P(27)
was obtained by putting the gain medium in a grating-
tuned cavity which contained a 57-cm-Tong cell of hot €0,
and a 1.1-m-long low-pressure pulsed discharge. As in
Ref. 1, the hot CO, prevented conventional (0,0°,7)~
(1,0°,0) lasing. ﬁapid pulsing of the low-pressure cell
allowed quick cavity alignment, and pulsing it just prior
to the high-pressure discharge generated a temporally
smooth outth pulse with power 107 times that reported
previously.! This provides new lines in the 10 um region
which are suitably powerful for isotope separation,
multiphoton absorption, laser-pumped molecular lasers,
and a variety of nonlinear optics experiments.

TWork performed under the auspices of the US ERDA.

1. J. Reid & K. Siemsen, Appl. Phys. Lett. 29, 250 (1976)
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M3 Acoustic Instability Model for High Power
CWEDL Lasers.* D,KORFF, S,L,GLICKLER,
J,D,DAUGHERTY, --High energy CWEDL lasers
are subject to a mode medium interaction which
produces an instability in output flux. The instability
can be modelied by a circuit analysis approach of a
photo-acoustic-kinetic interaction, which couples
gain, flux, kinetic, and density perturbations - in a
form analogous to the Statz-deMars treatment of
relaxation oscillations. The coupling results in a
non-uniform heat deposition and density variation.
In constradistinction to the usual case (no density
variations) instabilities are predicted for various .
ranges of cavity parameters. Experimental results
will be shown.,

*Supported by IRAD and the Air Force Weapouns
Laboratory.

MB~4
Attachment and Electrode Surface Field Effects on

Arc Formation in Laser Glow Dischargégjﬁ L.J.DENES,
L.E.KLINE, R.R.MITCHELL and R.J.SPREADBURY, Westinghouse
R&D Center—-We have studied the glow discharge energy
density required for arc formation, and the spatial dis-
tribution of arcing, in atmospheric pressure mixXtures
with no attachment (CH3F:Ar:He), weak attachment
(COZ;NZ:He) and strong attachment (SF6:Ar:He). The
volume of the 1-2 usec, spatially uniform cylindrical
discharges was vl liter. The arc formation energy is
>100 J in the CH3F and COy mixtures and <5 J in the SF
mixtures. When E, < 1.15E, the arcs are randomly dis-
tributed within tge glow discharges. E, and E, are the
peak and nominal values of the calculated vacuum
electrostatic field (Ea = voltage/electrode spacing).

The arcs occur outside the glow discharge, near the
Yocation of E;, when E, > 1.15E,, even though the current
and energy density there are well below the current and
energy density in the central glow discharge. These
observations suggest arc initiation by the enhanced field
when E_ > 1.15E,. However streak photographs of the final
stages of arc formation are very similar for both types
of arcs.

% .
Supported in part by the U.S. Army Missile Command.
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MB-5

PLASMA AND CHEMICAL PROCESSES IN CO., VOLUME
DISCHARGES, W.J. Sarjeant and C. Willis,
National Research Council of Canada, Ottawa,
Canada, K1lA OR6. -- Quantitative data, on the
plasma and chemical changes in electrical dis-
charge media, necessary for a more comprehen~’
sive understanding of gas discharge and laser
kinetics has been obtained for CO, lasers. The
significant electrical parameter was determined
to be the electrical energy deposited in the
gas, obtained by measurement of time-resolved
electric field and current density. The over-
all decomposition yield measurement showed that
approximately 30% of the deposited energy is
directed into the chemical potential of the
primary decomposition products. ExXperiments
with a commercial TEA CO, laser produced iden-
tical decomposition yields for CO,-He mixtures,
independent of the composition of the gas mix-
ture in the range 1-5% CO, . Detailed results
for both systems will be presented and the sig-
nificance of this technique for the general
study and understanding of gas discharge lasers
will be discussed.

-6 :
- A Simulated High-Repetition Rate TEA CO9 Laser,

R. TURNER and R. A. MURPHY, Applied Physics Laboratory,
Johns Hopkins Univ.* — A sealed TEA €02 laser (2.2 x 1.3
X 40 cm) is operated with two current pulses (50 nsec
FWHM), separated by 0-100 msec, to study the sources of
arcing encountered at high-repetition rate operation.

The laser output energy and wavelength, electron density,
gas resistance, visible emission spectrum (CO, COp, He,
ete.)and the effects of CO, 0y and Hy additives on ‘the -
above, have been measured as a function of current pulse
separation.. The minimum separation before arcs form
depends critically on the preionization. In general,
however, the laser power and gas resistance decreases,
the emission delay increases, and the wavelength remains
P(18), as the current geparation is decreased to the
point of arcing. The addition of CO and H, improve laser
performance; 0; degrades performance. The slow build up
of CO, determined spectroscopically and from the delayed
COp lager emission as CO transfers energy to COj, and
other contaminants do not significantly affect these
results. Arcing appears mainly due to local heating and
inhomogeneities in the gas.

*Work supported by U.S. Navy.
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MB-7

" Calculation of the Transpori Coefficients of
Molecular Species in Laser Discharges. R.M. THOMSCN,
" Teeds University, U,K.* - Transport coefficients (con-
ductivity, diffusion, viscosity) are required for spatially
dependent modelling of gas laser discharges (CO, wave—
guide lasers, stability analysis of lasing media, etc.)
Transport coefficients have been calculated using a
theory which includes explicitly the contribution fram
molecular vibrational energy, which may not be in
equilibrium with the gas temperature; and also includes
the effect of electron impact excitation of molecular
vibrational states. Calculated values for the trans-
port coefficients are in agreement with experimental
values, and the effect of the electrical excitation
of gases on the transport coefficients is discussed.

* Supported by Procurement Executive, Ministry
of Defence sponsored by DCVD.
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NA~-1
Ion-bolecule Reactions at Thermal Energies

Studied Using the SIFT. N.G.ADAMS, D.SMITH and D.GRIEF,
U _of Birmingham, England-- The Selected Ion Flow Tube
(SIFT) technique which we have successfully exploited to
study a large number of reaction rates and product ion
distributions at thermal energies will be deseribed 1-6,
Data, much as yet unpublished, will be presented to
illustrate the versatility of the technique including
reactions of the ions CHE (n=0to4)3~5and H,C0*(n=0to 3)7
with several molecules and the implications of these data
to chemical synthesis in interstellar gas clouds® and to
the Barth's ionosphere6 will be briefly diseussed. 4
greatly improved version of the SIFT, which has recently
been constructed, will be described. :

1,2N.G.Adams and D.Smith, Int.J.Mass Spectrom.Ion Phys.

_2,153!4'9(1976); 'JePhYS¢B°2!1L"39(1976)
D.Smith and N.G.Adams, Int.J.Mass Spectrom.Ion Phys.
23,123(1977)
HD.Smith and N.G.Adams, Chem.Phys.Letts.47,145(1977)
ZN.G.Adams and D.Smith, Chem.Phys.Letts.k7,383(1977)
DsSmith, NeGe.Adams and D.Grief, J.Atmos.Terres.Phys.
,513 (1977)

NeGo Adams, DeSmith and D.Grief, Int.J.Mass Spectrom.Ion
Phys. (in press)

DsSmith and NoG.Adams, Astrophysical Journal (in press)

NA~-2 . ]
A Study of the Binary and Ternary Reactions of

CH:* Ions at Thermal Energies. D.SMITH and N.G.ADAMS,
U, of Birmingham--In the simple hydrocarbon ion series
CHp* studied in e SIFT apparatus at 300 K, wp have ob-
served that the behavior of CHat is atypical™ in its
reactions with a series of diatomic and polyatomic mole-
cules, ee.g., with HpS and CHy, only fast binary product
channels are observed; with other molecules, 6.g., NH3
and HpCO, simultaneous fast binary and pressure saturat-
ed ternary association reactions are observed; whereas
for several other molecules, e.g., Hp, CC, CO2, and HpO,
only the ternary association product results. In some
cases the tergary reaction rate coefficient is extremely
great (‘>10‘2 cmé/sec) and thus the reaction rate is
pressure independent at pressures greater than (.2 torr
in the flow tube, implying a long lifetime for the excit-
ed intermediate associated ion. The ternary coefficients
k have in some cases been determined at both 300 K and
~ 220 K ard assuming a law of the form k = £(T™™), it is
shown that, as expected, n is dependent on the atomicity
of the associated product ion. The rapid increase of k .
with reducing temperature has interesting implications
regarding synthesis of molecules in interstellar clouds.
1. D. Smith and N.G. Adams, Int. J. Mass Spectrom. Ion
Phys. 23, 123 (1977).
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NA«~3
Some Positive Ion-Molecule Reactions of Strato-

spheric Interest. N.G.ADAMS, D.SMITH, and T.M.MILLER,
Ue of Birmingham--Rate ccefficients and product-ion dis-
tributions have been delermined at 300 K for several
stratosvheric "primary" ions, e.g., N7, N ’ 0+, 02+ and
"secondary" ions,e.ge., N4+, with several mlnor neutral
constituent stratosvheric molecules, e.g., H,0, CO,, CH
H5C0, in order to search for clues to the identity of the
recently observed positive ions in this region.™ The
exneriments were carried out in a SIFT apnaratus.2 The
resctions studied are generally fast, in some cases ex-
ceeding the ADC theoretical predictions, and multiple
products are often observed.. For example, the Nt + HoCO
reaction has a rate of 3.25 x 109 emd/sec and the pro-
ducts are HoCO (74%), HCO¥ (25%), and HH* (1%).

i. F. Arnold, D. Krankowsky, and K.H. Marien, Nature
267, 30 (1977).

2. HNuGe Adams and D. Smith, Intern. J. Mass Spectrom.

' Ton Phys. 21, 349 (1976), and J. Phys. B 9, 1439
(1976).

NA-4 +
The Reactions of O, "0, with CO,, Oy and CH, and

0,7-0, with CH and H O*. I. DOTAN, F, C, FEHSENFELD, and

D. L. ALBRITTON, NCAA Aerconomy Laboratory, Boulder CO,
80302.---The equilibrium constants for the reactions

+ +
o2 -o2 + 002 o2 -co2 + o2 (1)

-

+
o.% 0. +o. 200 +o0 (2)
2 "2 3

have been measured in a variable-temperature flowing after-
glow. These measurements yield thermochemical values for
the above reactions: 273(l) 0.3 + 1.0 kcal mole—l,
(1) = 4.3 + 3.0 cal mole L _l, 273(2) -2.7 + 1.0

(2) = 8.0 + 4.0 cal mole -1 K_l. In

273

keal mole ~, 273

addition the rate constants for the reactions of 02+-03

. + + .
with HQO and O2 O2 and O2 -O3 with CHu have been meas-

ured. These measurements will be reported and their im-
plication to the ion chemistry of the stratosphere dis-
cussed. \ )

% This research supported in part by DNA.
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NA-5 .

5‘Theory of He-X gas mixture plasma afterglow and its
application to ion-molecule reaction measurements by a
pulsed-flowing afterglow technique, JEN-SHIH CHANG,
R.M. HOBSON, G.L. OGRAM, R.H. PRINCE and A. SALEM, York
University, Canada —— The theory of the medium pressure
plasma afterglow has been studied for He-X gas mixtures
taking into account diffusion, volume recombination,
charge transfer and ion-molecule reactions. Experiments
have also been initially conducted in order to confirm
the validity of the pulsed-flowing afterglow technique
(PFA). The shock-wave heated gas and also the cooled gas
in the expansion flow of the PFA method enables one to
measure a wide range of gas temperature dependences of
the rate coefficient of ion-molecule reactivns. In the
He-07 gas mlxture Plﬁfma afterglow, cnar e transfer
reactlons, Hez + 07 02 + 2He and 3% 07 + O + 2He :
ot + 0y Eﬁ Oi + 0, and volume recomblnatlon Of 4 e é 0+0
are considered. Correlating theory and initial experi-
mental results we obtain kj/k, 3.5and kj + k2 = 1.05 x
10~ 9 e’ molecule~l secl at i3 gas pressure of 1l torr at
a calculated temperature of 240°K in the expansion flow
of the flow tube.

NA-6

Measurement of the Rate Coefficients for the Bi~
molecular and Termolecular Charge Transfer Reactions of
He2+*. C.B. COLLINS and F.W. LEE, Univ. of Texas at
Dallas—~This work continuesl the measurement in after-
glows of e-beam discharges into high pressure gas mix-
tures of reactlon rate coefficients for charge transfer
reactions of He2 with twelve gases selected to have
varying values of polarizability and dipole moment. The
bimolecular components of reaction cbtained compare fav-
orably with the NOAA results? at low pressures and with
the ADO theory.3 Termolecular components measured from
9x10-30 for Hy to 140x10-30 cmbsec~! for HBr and agree
with a model developed to estimate the rates at which
third-body collisions change glancing encounters into
inwardly spiraling orbits. .
*Research supported by NSF Grant ENG 74-06262.
1. F.W. Lee, C.B. Collins and R.A. Waller, J. Chem.
Phys., 65, 1605 (1976).
2. D.K. Bohme, N.G. Adams, M. Mosesman, D.B. Dunkin,
and E.E. Ferguson, J. Chem. Phys. 52, 5094 (1970).
3. T. Su and M.T. Bowers, Int. J. of Mass Spect. and
Ion Phys., 12, 347 (1973).
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NA~7

Charge Trangfer Studies of Ne-N»> by Proton
Excitation.* (¢, H. CHEN, J. P. JUDISH, and M. G.
PAYNE, Oak Ridge National Lahoratory.--Pulses of 2-MeV
protons were injected into a reaction cell containing .
Ne-Ns mixtures, producing ion pairs and excited atomic
states. Fluorescence photons from the transition
Nﬁ(BzZu)v_ + Nt (x25 ) pass through a quartz window

=0 2, v=1
and . enter a uv-visible monochromator and then are
detected by a time-resolved single photon counting
technique. Our experimental data give indirect evidence
of the existence of Neg. The overall gquenching rates
for Net and Ne. by N_ at room temperature were obtained
(7.2 x 10711 afd 5.3°x 10-10 cm3 sec‘l, respectively).
The termolecular guenching rate was obtained as 2.3 x
10-29 cm® sec~l. The fluorescence efficiency of Ne-N,
at 4278 & is only 18% of that for He~N, mixtures.

Possible laser application will be discussed briefly.
*
Research sponsored by the Energy Research and Develop-

ment Adm. under contract with Los Alamos-Scientific
Lab. and under subcontract with Oak Ridge Nat'l. Lab.,
operated by Union Carbide Corp.

NA-8 Product Distributions for Some Thermal Energy
Charge Transfer Reactions of Rare Gas lons.
J. B. LAUDENSLAGER, V. G. ANICICH, and W.7. HUNTRESS,JR.
Jet Propulsion Laboratory, Pasadena, CA and J.H. FUTRELIL
Univ. of Utah.--IonCyclotron resconance mass spectrometry
methods were used to measure the product distributions
for thermal energy charge transfer reactions of He , Ne ,
and Ar iogs with N25 02, Co, WO, C02, and N,0. Except
for the He— N, reaction, no molecular iqni were pioduced
by thermal enérgy charge transfer from He and Ne with
these target molecules. The propensity for dissociative
" ionization channels in these highly exothermic charge
transfer reactions at thermal energies contrasts with
the propensity for formation of parent molecular ions
observed in photoionization experiments and in high
energy charge transfer processes. This difference can
be explained in terms of the more stringent requirements
for energy resonance and favorable Franck-Condon factors
which appear to be necessary for efficient charge
transfer at thermal ion velocities.
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NA-9

Measurements of Ion-Molecule Reasction Rates in a
High Temperature Drift Tube - Mass Spectrometer Appara-
tus.* A, K. CHEN, R. JOHNSEN, and M. A, BIONDI, Univ.
of Pittsburgh. ~-- The variation of several ion-molecule
rate coefficients with ambient gas temperature has been
determined in a high temperature drift tube mass spec-
trometer apparatus. Measurements of the reactions ot +
Op, OF + Np, and He* + Np in the temperature range 300 -
900 K give results in good agreement with rate coeffiei-
ents inferred from the E/N dependences measured with
drift tube apparatus and those observed in heated flow-
ing afterglow systems. The agreement indicates that in
this temperature range the effects of internal energy of
the reactant molecules are not very important. While
higher temperatures are easily attainable in the present
apparatus, problems such as unwanted thermionic emission
and surface ionization have so far prevented measure-
ments above 900 K.

*This research was supported, in part, by the U.S. Army
Research Office (DNA)(DAAG-29-T6-C-03k3}.

NA-10
Reactions of C0,C0,t, CO,* and COCO* with the Oxides

of Nitrogen in CO,p, J. L. MORUZZL and P, COXON, Univ. of
Liverpool.--Using a high pressure drift tube mass spec-
trometer reactions imvolving COZ+, 002002+ and Cocot with
the oxides of nitrogen have been studied. Rapid ion
molecule reactions were observed for all the systems
examined and in some cases two reacting channels were
detected. The rates of these reactions have been
measured as a function of ion energy by varying E/N, the
ratio of electric field strength to gas density.
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NA-11

Ion Mobility "Resconance” in High Pressure Helium
Plasmas Produced by Beta Particles., C, C., LEIBY, JR.
RADC/ESC, Hanscom AFB, MA 01731--Current-voltage (i/v)
characteristics were measured in helium plasmas at
pressures of 1, 2, and 3 atm. The plasmas were produced
by a 2x4 cm, 100 mCi, Ni~-63 beta source (Fp,x=66 Kev).
The test cell contained 10 guarded ss electrodes spaced
at one cm intervals. The i/v characteristic at x=8 mm
from the beta source exhibited very strong peaks in the
range of E/pyVv30 to 450 volts/cm-atn, The peaks shifted
to lower E/p, and diminished in height with increasing =x.
At a fixed x, the peaks increased in height and shifted
to lower E/pgp with increasing pressure. The peaks were
extremely temperature sensitive, shifting to higher E/pg
and decreasing in height with slight increases in gas
temperature. Although ion identification was not possi-
ble, the i/v characteristics are understandable if, in
addition to a majority Hef ion, t&gre exists a minority
ion with a wvery high mobility (He ?) whose con-
centration decreases exponentially with increasing
drift energy. Using such a model, the inferred ion
densities of our beta-produced plasmas range from 10
to 108/cc. These results indicate that Ni-63 should be
a very effective source of preionization for gas lasers.

NA-12

Ion Mobilities in Dense Helium Vapor. B. L.
HENSON, Univ. of MO-S5t. Louis.--Measurements of the zero-
field mobilities of helium ion swarms in dense helium
vapor using time-of-flight techniques indicate that large
positive ion complexes are formed that may contain.well
over a hundred atoms and have radii as large as 16A in
some cases. The apparent sizes of the ions are observed
to be dependent on both the density and the temperature
of the vapor. These mobility data can be satisfactorily
explained using a kinetic theory type mobility equation
with a hard sphere type cross-section for the clustered
ion in the temperature range from 2°K to 5°K. However,
near the liquid-vapor critical point, the mobilities are
anomalous in that additional effects are required for
explanation. Both positive and negative charge carriers
show discontinuous changes in their mobility between
5.0°K and 5.05°K.
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NB-1
Spark Photoionization of Nitric Oxide and

Ethylene in Carbon Monoxide Laser Mixtures.  D. R. SUHRE,
Westinghouse R&D Center, Pittsburgh, PA.,--Photoionization
as a function of distance from a spark was measured using
charge collection in various CO laser mixtures seeded
with NO and CoHy . Single-step photoionization was found
to dominate, and the data was analytically approximated
as a simple exponential function of distance and seedant
density for a given gas mixture. Photoionization
efficiencies relative to input electrical spark energy
were calculated from the data, and were typically about
1%. The spark current and gap width were varied, and
photoionization scaling relationships were developed from
these results. By obtaining data at reduced temperatures
it was also verified that the photoionization process is
independent of temperature, provided that the seedant
density remains constant.

*
Work sponsored by DARPA and monitored by AFWL under
contract F29601-76~C-0086.

NB-2
UV-Sustained Carbon Monoxide Laser Plasma.”

D. R. SUHRE and S. A. WUTZKE, Westinghouse R&D Center,
Pittsburgh, PA,——A high current UV-spark array was used
to irradiate a transverse discharge apparatus for several

microseconds in which the discharge potential was sub-
stantially less than the self-sustaingd glow voltage,

Current densities in excess of 2 A/cm” were gbtained,
corresponding to electron densities P2,x'1012 em=3, The.
electron production was shown to be entirely by photo-
ionization. Low fonization potential seedants, such as
NO or C H4, were needed to obtain the high photo-
ionizat%on levels. The specific energy loading of the
plasma was shown to be comparable to conventional self-
sustained discharges while the discharge electric field
to particle density ratio (E/N) was kept at ~1 x 10~16
V-cmz, a value more suitable for efficient laser
excitation. At higher energy loadings, the photo-
ionizer energy was comparable to the main discharge input
energy. The UV-sustained mode of discharge is suitable
for CO laser excitation at cryogenic temperatures when
the appropriate seedants are used.

*
Work sponsored by DARPA and monitored by AFWL under
contract F29601-76-C-0086, .
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NB-3

V-1 Characteristics of Self-Sustained CO Laser
Discharges®* R. R. MITCHELYL., L. E. KLINE, D, R, SUHRE,
and S. A. WUTZKE, Westinghouse R&D Center —— Numerical
solutions of the Boltzmann equation were used to obtain
electron—-C0 collision cross sections which are consis-
tent with measured electron transport coefficient values
over a wide E/N range. These cross sections were then
used, together with available N, and He cross sectioms,
to calculate electron transport coefficients for
CO:N,:He mixtures. A discharge analysis based on a rate
equation model predicts that recombination is the domi-
nant electron loss. Electron loss by dissociative '
attachment is offset by fast associative electron de-—
tachment. - The predicted positive volt-ampere (V-I)
characteristic is in good agreement with experiment for
1071 5 j/N X 10 A/Amagat cm?. The theory predicts that
superelastic collisions between electrons and vibra-
tionally excited CO and N, heat the electrons and result
in enhanced ionization and a negative V-I characteristic
for j X 10 Afcm?.

*Work sponsored by DARPA and monitored by AFWL under
Contract F29601-76-C~0086.

NB~4
Electrical Characteristiecs and Vibrational

Excitation in a Supersonic CO Electric Discharge.®* A. C.
STANTON, R. K. HANSON, and M. MITCHNER, Stanford Univer- -
gity.-~ The performance of a continuous glow discharge in
a small-scale supersonic flow facility has been studied.
The discharge, which is sustained by auxiliary sources of
jonization at the cathode, is used to excite CO in mix-
tures with Ar or N2. Probe measurements of ion density
and E/N have been made, and the CO vibrational distribu-
tion has been determined from the first overtone emission.
The probe measurements show a sharp decrease in jon den-
sity in the direction away from the cathode. This result
is qualitatively consistent with a model in which elec-
trons are fed into the main discharge from the cathode
region through ambipolar diffusion and convective process-
es. Initial results from the overtone emission experi-
ments show a vibrational excitation efficiency greater
than 60%, with calculated small-signal gains of approxi-
mately 0.01 cm—l, Higher gain is anticipated as the in-
put power is increased.

The authors wish to acknowledge contributions to this
work by J. H. Blom, Eindhoven University of Technology,
The Netherlands, and D. J. Bender, Lawrence Livermore Lab.

*Research suppoerted by NSF Grant ENG-75-11156.

151




NB=~5
: Poker-Controlled Pulsed Discharges in Supersonic
CO Flows. W. M. MOENY, SSDC, and J. P. O'LOUGHLIN, AFWL,
Kirtland AFB, NM-- An experimental and theoretical study
has been made of 'Poker' controlled pulsed discharges in
static and supersonic CO gas mixtures. 'Poker' is a
non-e-beam discharge control technique using short,
repetitive, high-voltage pulses superimposed on a DC
electric field to control a laser discharge. The poker
pulser used here is capable of 50-100 nsec wide pulses,
with a peak voltage of 35 kV (high impedance load),

300 amps peak current (low impedance load), and a PRF of °
500 KHz. This pulser and a DC electric field are used

to produce 1 liter static and supersonic (M = 3.5)

15-30 usec pulsed discharges in 0.1 to 0.3 amagat CO/He
gas mixtures at E/N's of 1.0 to 2.0X10-1® v-cmé. The
effect of circuit parameters, density, and gas mixture

on discharge characteristics is discussed. '

NB-6

Performance of a CW Pulser—Sustainer Carbon Monoxide
Electric~Discharge Supersconic Laser, D.J. Monson and

G. Srinivasan*, NASA-Ames Res., Ctr.--A CW carbon monoxide
electric-discharge supersonic laser has been successfully
operated using a pulser-sustainer discharge®! in 0.8 liter
volume, Mach 3 supersonic flow. Like an electron—beam
stahilized discharge, the pulser-sustainer discharge is
stable and uniform.at high.power .loadings, and provides-
independent control over electron energy and density for
optimum discharge efficiency. Energy loadings exceeding -
100 KJ/1b of mass flow, output power exceeding 6 KWatts
and electro—-optical efficiencies exceeding 10Z have been
achieved in CO/He and CO/N./He laser mixtures for
discharge times of 1 msec (equivalent to 10 cavity gas
flow exchange times). The effects on the discharge and
laser performance of the pulser parameters, gas density
and temperature, gas mixture and additives, and location
of optical cavity are discussed.

*
Contractor

1A, E. Hill, Appl. Phys. Lett., 22, pp. 670-673 (1973).
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NB~7

Parametric Evaluation of Collisional Processes
in an E-Beam Sustained CQ Laser.* D, J. PISTORESI and
D. J. NELSON, Boeing Aerospace Company, Seattle, WA.--
Fvaluation of CO molecular and etectron/molecular proc-
esses by comparison of CO kinetics model predictions with
experimental results shows laser efficiency and after-
spiking behavior as a function of E/N for electron exci-
tation cross sections of Hake and Phelps, Schulz, Ehr-
hardt, as well as combinations thereof. Laser efficiency
predictions demonstrate a stronger dependence on E/N for
the Hake and Phelps low energy cross sections as compared
with those of Schulz, and Ehrhardt. The predicted after-
spike characteristics are shown to depend on the strong
electron down pumping occuring for the higher Tevel
superelastic collisions. Experimental results from a
supersonic CO pulsed electrical discharge laser agree
well with the functional dependence of the values pre-
dicted by combining the Tow energy Hake and Phelps cross
sections with the high energy Ehrhardt cross sections.

*Submitted by W. Maher.

NB-8

Experimental Findings on the Glow-Arc Transition
in Discharges in the Supersonic €O Laser.* M, F.
WEISBACH and D. J. RELSON, Boeing Aerospace Company --
Although the measurable quantities, which characterize
the onset of the glow to arc transition in electric
discharges, vary considerably as the discharge para-
meters {gas density, e-beam current density, pulse
length, gas mixture) are changed, several features
have been observed, in the superfonic CO laser, which .
may aid in assessing theories pertaining to the cause
of the discharge instability. (1) The behavior (as
characterized by E/N and J) is essentially independent
of the physical size of the discharge. (2) Although
the average electron energy at which the glow to arc
transition occurs varies with the discharge parameters,
it is independent of the makeup of the noble gas diluent
mixture. (3) There are two distinct time scales
involved in the rise of the discharge current density.
The first, which is associated with electron collision
processes requires 1-2 usec; this is followed by a
much more gradual temporal increase, which continues
for approximately 100 uUsec, with a slope that increases
with increasing E/N.

*Work supported in part by AFWL.
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