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I. INTRODUCTION

The major objective of the proposed program is to demonstrate that
the e-beam stabilized discharge can be used as a scalable, efficient visible
or UV laser pumping method. This objective was accomplished by using
this discharge method to pump potentially high power, efficient laser mix-
tures. The mixtures included Ar/Nz,(1,2) Np/NO, (3) and SF¢/N;.(4) These
laser mixtures were chosen because they effectively cover the wide variety
of discharge conditions one is apt to encounter. For example, the Ar/N»
system is representative of laser mixtures whose discharge physics is dom-
inated by the rare gases. The NZ/NO system, on the other hand, is repre-
sentative of laser mixtures whose discharge properties are dominated by
molecules (vibrational excitation, etc.). Finally, discharges made in
SF¢/Np are typical of those dominated by attachment. Hence a wide spec-
trum of discharge conditions is encountered in working with these laser
mixtures.

Bhaumik, M. and Ault, E., IEEE J. Quant. El. 624, 10, (1974).
Searles, S., NRL, to appear in App. Phys. Lett.

Ewing, J.J. and Yatsiv, S., Avco Everett Research Laboratory, Inc.
LAR Proposal (1972).

Suchard, S., Aerospace, private communication.
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II. DISCHARGE PUMPING OF VISIBLE LASERS

Discharge pumping could result in a high efficiency (>10%), high
average power (= 100 kW), visible laser. Discharge pumping requires
deposition of large energy densities at the proper E/P. The applied elec-
tric field should be strong enough such that the electron temperature is
= 3 eV. At these electron temperatures the ionization rate is high, typ-
ically 107 -108 sec-1. As a result the discharge current e-folds every
10-100 nsec and it is difficult to maintain discharge stability for the dura-
tion of the discharge pulse time.

We have developed a program to determine if discharges can be used
to pump visible lasers efficiently. The steps in this program are as follows:

(1) Optimize Cavity Design

In order to optimize laser efficiency and achieve high energy densi-
ties, the discharge must typically be operated at the highest electric field
possible. It is therefore important to operate with a discharge electric
field as close as possible to the intrinsic arcirg limit of the laser mi ture.
To approach this limit, it is necessary to eliminate electric field stress
concentrations associated with the shapes and positions of the dischurge
electrodes and insulating side walls. For this purpose we have designed
a dc/pulsed gas breakdown apparatus. The results and analyses of the ex-
periments performed on this apparatus will be presented below.

(2) Control Discharge Spatial Uniformity

INonuniform e-beam energy deposition and the resulting nonuniform
plasma conductivity can also lead to electric field stress concentrations.
Therefore, careful understanding and control of the beam energy deposition
in the discharge cavitg is necessary. The 150 keV beam built under prev-
ious ARPA contracts(2) is sufficiently energetic for our anode/cathode spac-
ing of 2 cm. If greater uniformity is desired, we can delay the discharge
pulse with respect to the e-beam pulse. For recombination-dominated dis-
charges this will tend to make the plasma conductivity more uniform, min-
imizing electric field stresses. Results of delaying the discharge pulse with
respect to the e-beam will be shown in later sections.

(3) Determine Appropriate E/P for Efficient Pumping

We next have to determine if the E/P is high enough to efficiently
pump the upper laser level. At AERL we have a Boltzmann code for this
purpose. If all the electron impact cross sections are known, then the
code predicts the fraction of energy going into various excited states. We
have, by this method, analyzed the Ar/N3 and N,/NO laser systems to
determine the proper E/P for efficient lasing action.

(5) Mangano, J. A., Avco Everett Research Laboratory, Inc. LAR Finai
Rerport (1973).
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(4) Use of Attaching Species to Stabalize Discharge

For cert:in laser systems (for example Ar/NZ) we may find it im-
possible to depc sit enough energy at the proper E/P to pump the upper level
efficiently. For these systems we will investigate the use of attaching spe-
cies in an attempt to reduce the net ionization rate. Care must be taken in
the use of attachers tc prevent interference with the laser kinetics or ab-
sorbtion of a significant fraction of discharge energy.

A. OPTIMIZATION OF CAVITY DESIGN (BREAKDOWN EXPERIMENT)

To optimize the laser cavity design we have built a breakdown cham-
ber in which different cross-sectional electrode and insulator shapes can be
tested. Presently we are able to perform dc breakdown measurements only.
However, modification to enable measurement of pulsed breakdown is under-
way. The chamber can also be modified to measure ionization rates in dif-

ferent laser gas mixtures. Such information for specific systems is presently
unavailable.

A schematic of the breakdown chamber is shown in Figure 1. The
upper Rogowski surface is designed for a 1/4 inch spacing above the lower
planar electrode. The chamber can be pumped down to base pressures of
< 10-2 torr. We can insert insulators of various shapes as well as intro-

duce screens of various transparencies to simulate the laser discharge
cavity.

In Figure 2 examples of breakdown measurements performed on the
device are shown. The solid curve with open circle data points is for com-
mercially pure Np. Our results are within 5% of previously reported data.
A straight wall lucite disc was next inserted between the electrodes. Con-
trary to published results, (6) the breakdown field remained unchanged.
This is shown by the open triangle in Figure 2. When we replaced the
straight wall insulator by a convex shape lucite insulator, the breakdown
electric field dropped by about 20%. For a concave shape lucite insulator
the breakdown electric field dropped another 10%. Also shown in Figure 2
is the dc breakdown in our present laser discharge cavity. The shape of
the insulating sidewalls in this cavity are concave. Of we cured this cavity
the breakdown electric field increased slightly but was still smaller than
the electric field in the breakdown experiment for the concave shape insula-
tor. The reason for this difference is that the pd product in our cavity is
about 4 times larger than in the breakdown experiment. It is a well estab-
lished fact that the breakdown electric field decreases slowly with pd.

= These results can be explained if one assumes that the Nj in the gap
becomes conducting just before breakdown. This assumption is substantiated
by experiments showing that microamps/cm?2 of current generally flow before
breakdown occurs. The currents charge up the insulating surface and force
the electric field lines at the interface surface to flow parallel to the surface
of the insulator. As a result the electric field concentrates near discontinui-
ties in the insulator surface.

(6) Cobine, J.D., Gaseous Conductors, Dover Pub., p. 166 (1957).
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This point is clearly seen in the computer plot shown in Figure 3.
In this figure the equipotential lines for one-quarter of the discharge cavity
are shown. The spacing between the lines is a direct measure of the elec-
tric field strength. It is clear from Figure 3 that the electric field is much
stronger at one of the insulator-metal junctions. So when the average elec-
tric field is near breakdown one of the corners has an electric field that is
larger than the breakdown value. This will cause the gas to breakdown and
irc from the corner of the dielectric. The average electric field amplitude
it which we can operate stably is thereby reduced. If the insulator surface
1s normal to the plane of the electrodes the electric field will be uniform
ind the breakdown characteristic unchanged. So it appears that if insulating
‘walls are necessary in the discharge cavity they should be normal to the elec-
trode surface.

B. CONTROL OF DISCHARGE SPATIAL UNIFORMITY

The initial uniformity of the plasma conductivity is controlled to a
large extent by the unfiromity of the e-beam energy deposition. Our e-beam
has an energy of 150 keV. Because of the strong dependency of the scattering
and energy loss on the atomic number Z, it is advantageous to use a low Z
foil. The foil should also be strong enough to support a pressure difference
of 15 psia across it. Kapton has a average Z of about ~ 6 and we have found
~hat 1 mil of Kapton is easily capable of supporting one atmosphere pressure
a cross it even with an 80% open foil support structure. However, when large
amounts of energy are stored in the discharge circuitry (= 1 kJ), and small
-oil to cathode screen spacings are used, 2 mil kapton foils are necessary.
The increased strength is required to handle the large local overpressures
associated with discharge arcs.

Figure 4 shows thepredicted distribution function of the electrons
ifter passing through 1 and 2 mil kapton foils. The half-width of the angu-
lar distribution function increases from 179 for a 1 mil foil to 27° for a
2 mil foil. Figures 5 and 6 show the results of assuming that the electrons
{reestream after passing through the foil. In these figures we have plotted
contours of constant energy deposition. The energy deposition is normalized
to unity at the foil surface that extends between -1 <y < 1. There is a 10%
variation between contours. The streaming approximation is good provided
~hat the anode/cathode spacing divided by the transport mean free path < 0. 2.
’n pure nitrogen, argon and xenon, these ratios are 0.055, 0.148 and 1.2
~espectively. So the streaming approximation is good for nitrogen, accept-
able for argon, while for Xe we have to include the effects of scattering.
@igure 7 shows the result of including the eifects of scattering and ene gy
loss when the cavity is filled with pure Xe. We have assumed that the elec-
trons leaving the foil are diffuse in angle. This assumption is good for the
& mil foil. For the 1 mil foil the energy deposition contours will extend
5-10% further out from the beam entrance plane. It is clear from Figure 7
that our e-beam is not sufficiently energetic to uniformly ionize an atmosphere
of pure Xe in our 2 cm wide cavity.
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Figure 3  Computer Plot of Equipotential Contours for a Concave-Shaped

Insulator. The spacing between contours is a direct measure
of the electric field strength.
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If we want even greater discharge uniformity we can delay applying
the discharge voltage with respect to the e-beam pulse. In a recombination-
dominated discharge this will make the plasma conductivity more uniform
since the electrons will tend to recombine more rapidly in the regions of
higher electron density. For example, in Ar/N, discharges we found that
delaying the discharge was necessary to achieve the required electric field
of 10 kV/cm atm. Another advantage of applying the discharge voltage after
the e-beam is turned off is that we increase the volumetric scalability of the A
discharge. This increase results from the absence (during the e-beam pulse)
of the magentic field associated with the discharge current. The magnetic
field, if strong enough, will cause the e-beam to pinch on itself in the dis-
charge cavity.

C. DETERMINE REQUIRED E/P

The next steps in applying discharge pumping to a given laser gas
mixture are:

1) Determine the E/P necessary for efficient pumping of the desired
electronic state

2) Determine the energy density that can be deposited during the
stable portion of the discharge pulse at this E/P

This information can be supplied in part by the AERL Boltzmann code if the
relevant electron impact cross sections are known. Given these cross sec-
tions, this code yields the rates of pumping the various excited states, the
ionization rate and the electron drift velocity as a function of E/P for arb-
itrary gas mixtures. The discharge energy partitioning into each of thesc
proceses is also given. Therefore, with this code the E/P required for in-
verting a given transition can be determined as well as the efficiency of gen-
erating the inversion.

The pulse duration for which discharge stability can be maintained at
the required E/P must then be found. This pulse duration will be a function
of the preionization level and the ionization rate. However, at present, a
reliable short time discharge stability theory, which gives discharge stability
duration ar a function of these parameters, does not exist. In fact develop-
ment of such a theory is a part of the ongoing effort of the Laser Discharge
Studies Program. Consequently, we are forced to determine this pulse dur-
ation for a given laser mixture experimentally. Together with construction
of the discharge apparatus, gathering os such discharge data for the Ar/Ngp,
N,(A)/NO and SF¢/Np laser systems represented themajor part of the dis-
charge studies program for FY75.

Of course once this stable pulse duration has been found for the re-
quired E/P and preionization level, the total discharge energy density input
to the laser mixture is known. The Boltzmann code results and the relevant
laser kinetics code can then be used to predict overall laser efficiency and
laser output energy density.

In this section, the procedure outlined above will be demonstrated
for discharge pumpint of the Ar/N2 and Np(A)/NO laser systems.

L7




1. The Ar/N, Laser

Figure 8 shows a diagram of the relevent energy levels of Ar and
N,. High intensity e-beam pumping of this laser depends on the formation
of Art. Approximately one half of the beam energy deposited in the laser
mixture s channeled into Ar+ production. The remaining energy is widely
distributed among other excited states. The argon ions produced rapidly
form molecular ions which dissociatively recombine to form Ar*. These
argon mestastables then transfer about 40% of their energy to N, (C, v = 0)-
the upper laser level. The lower laser level is the N (B, v = 1) state.

With discharge pumping of this laser, Ar* would be formed directly
by election impact. © This pumping method can be efficient as lony as

1) Stable operation at electric fields high enough to make Ar*
efficiently can be achieved

2) Stable operation at electric fields high enough to prevent signifi -
cant population of N, (B, v = 1) can be achieved

3) Ionization of the argon metastables at the required Ar density
and E/P does not interfere substantially with laser kinetics and/
or maintenance of discharge stability.

Figure 10 shows a plot of the fraction of discharge energy that is
deposited into various excited states ina 97% Ar/ 3% N, mix as pradicted
by the Boltzmann code. The maximum possible efficiency of prodicing
Ar* in an e-beam is about 40%. This means that if we are to pumo Ar™
in a discharge with the same efficiency as with an e-beam we should oper-
ate at electric fields of at least 10 kV/cm atm. At these electric “ields the
fraction of discharge energy going into the No(B) is about 16%. However,
only 4% of the discharge energy is deposited into the v = 1 vibrational level
of Np(B) (if the energy into vibration partitions itself according to the Franck-
Condon factors). So it appears that if we can operate our discharge -tably at
electric fields of 10 kV/cm atm and deposit about 10 J/liter atm into Ar™ pro-
duction in 50 nsec, Ar/N2 will lase in a discharge.

“The electron impact cross sections of Ar™ have not been measured since
1935.(7) The relative magnitude of the total Ar* cross section as a function
of energy has been measured recently by Olmsted et al. (8) To estimate the
absolute magnitude of these cross sections we took Olmsted's relative cross
section and varied its absolute value until we reproduced the first Townsend
coefficient as measured by Golden et al. (9) Figure 9 shows the sensitivity
of a to the magnitude of the Ar" cross section. Varying the magnitude of
the metastable cross section by a factor of 3 resulted in almost two order:
of magnitude variation in a. The ionization cross sections have recently
been measured by Rapp et al. (10)

(7) MacDonald, A.D., Microwave Breakdown in Gases, Wiley Pub.,
p. 25 (1966).

(8) Olmstead, J., Newton, A. S, and Street, I. E., J. Chem. Phys. 42,
2321 (1965).

(9) Golden, D. E., Fisher, L.H., Phys. Rev, 123, 1079 (1961).
(100 Rapp, D., Englander-Golden, P., J. Chem. Phys. 43, 1464 (1965).
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In the solution of the Boltzmann equation we have neglected electron
1mpact excitation and ionization of the Ar* and other excited spec es. Sinc.
Ar‘ is atomically similar to potassium, the ionization rate constant of the
Ar™ should be = 5 x 10-8 cm3/sec for electron temperatures of ~4 eV. As
a result theionization rate of the Ar* becomes comparable to the ionizaticu
rate of Ar for a metastable density of 1015/cm3 As we require about this
density of Ar™ to lase Ar/Nz, metastable ionization is clearly important.
Further the presence of this comparatively large cross section with a 4 eV
threshold could lower the electron temperature. In the FY76 program we
will include effects of Ar* excitation and ionization by electron impact in the
Boltzmann code so that these effects on laser kinetics, discharge stability
and required E/P can be assessed.

The kinetic equations describing a discharge pumped Ar/l\‘Z laser

are:
dart g A Ar® k, (Ar)® (Ar* 1
dt = eb + Vl ( r) ne + VZ ( r ) ne N 1 ( r ( r ) ( )
+
dAr
2 2 .+ + 2
—— e kl (Ar)” Ar" -a [Ar2 ] n, (2)
dAr" _ + * 3
—q— = kZAr [Ar2 ] [ne] - v,n_ Ar - k3 N, Ar (3)
dN, (C) w Ny (C)
—— = 0.4 k3 N2 Ar - t - k4 2NZ(C) (4)
where n_ = ArZ + Art. Equation (1) describes the production iund loss

of Ar+. eThe argon ions rapldly form molecular ions via a three body proc-
ess (ky = 2.5 X 10-3 cm! /sec) v]and v are the ionization rate constants
of Ar+ and Ar™ by discharge electrons an is the beam electron ioniza-
tion source term. The time evolution of Ar; i is described by Eq. (2). In
wrxtlng Eq. (2) we have assumed quasi- neutrahty i.e., the electron densi: Y.
is equal to [ArZ + Art]. The Ar,*t dissociatively recombines to form Ar*™
The recomb1natxon rate is very temperature dependent. For 300° K electrons
a = 10°® cm /sec Equation (3) describes the production and loss rate of
Ar™. k, is the production rate of Ar™ by direct electron impact and k, is the
quenching rate of the metastables by N». Finally Eq. (4) describes the pro-
duction and loss rate of N3(C). The 0.4 in the first term on the RHS of (4)
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accounts for the fact that only 4(% of the energy goes into forming N,(C).
tc is the spontaneous emission of the C-state and k4 is the deactivation rate
for N2(C) by Njp.

2. Discharge Experiments in Ar/NZ

Discharge experiments in Ar/N, mixtures indicated that the required
E/P of 10 kV/cm atm could not be obtained if the discharge voltage was
switched on simultaneously with the e-beam pulse. When the discharge
voltage was delayed we could obtain an electric field of the order of 10 kV/
cm atm. Figure 11 shows the results of such a delay. In this case the
e-beam current density in the laser mixture was 0.6 A/cm2. The fluores-
cent at 3577 K was detected by a 1/4-meter Jarrel Ash spectrometer.
Looking at Figure 11 we see enhancement of the fluorescence by the dis-
charge as compared to the e-beam. Also the discharge current is clearly
exponentiating until it arcs. The fluorescence also increases rapidly after
the discharge voltage is turned on. In fact, during the stable part of the
discharge pulse its shape is similar to the discharge current. After arcing
the discharge voltage drops rapidly. The efficiency of pumping Ar™ is con-
siderably smaller and, as a result, the fluorescence decreases. The sub-
sequent increase in PM signal is the result of noise from the arc. The
electric field for the run shown in Figure 11 was about 6 kV/cm atm, and
the discharge energy deposited before arcing was about 5 J/liter. We were
also able to achieve the required electric field of 10 kV/cm atm. However,
the eneryy deposited by the discharge was only 2.5 J/liter. This lowering
of the input discharge energy was caused by a decrease in the time for which
the discharge remained stable.

3. -SZZ NO Laser

Figure 12 is a schematic energy level diagram of the NZ/NO laser.
For this laser system we would like to create Ny(A) in a discharge and
transfer this energy to NO(A). The laser transitions are the NO y-bands
in which lasing action has not yet been demonstrated. Demonstration of
lasing action will require a relatively large inversion density because of
small transition probabilities. The gain is about a factor of 25 lower than
the Ar/NZ laser for a given inversion density. However, low gain means
high energy storage and high .verage power capability.

In Figure 13 the predictions of the Boltzmann code for 3 torr NO in
an atmosphere of N, are given. Most of the energy in the electronic levels
of N, will 'nd up in the Np(A). So it appears that at electric fields of 25 kv/
cm atm the efficiency of producing N,(A) states by discharge pumping is
30-40%. The N,(A) state can also be pumped indirectly by an e-beam in
Ar/N, mixtures. Here as in the Ar/NZ laser case the e-beam produces
Art which rapidly forms the molecular ion Art ard then dissociatively
recombines to form Ar™. The Ar™ then transfers to the Ny(A) state. The
efficiency of this indirect process is approximately 20%.

In Table I we see a summay of a possible NZ/NO laser system. In
arriving at the 6-8% overall efficiency we have used the predicted efficiency
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— TIME 200 ns/div

Figure 11 Experimental Results in Ar/N2 Discharge
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TABLE I

NO y -BAND LASER

Wavelength ~2360 & - 2850 &

l.ow Gain ~0.4 - 3 x 1017 N0

(;as Mixture ~3 torr NO - 757 torr N2

Flectric Field ~25-30 kV/cm atm

Discharge Current ~100 A/cm2

Pulse Length ~150-200 nsec
Possihle Efficiency ~6-8%

Fnergy Out ~20-30 J/liter atm
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of 30% for producing N>(A) in a discharge. According to SRI 50% of all
NZ(A)/NO(X) reactions end up in NO(A). If we assume that the laser bottle -
necks the efficiency will be reduced another factor of two. The quantum
efficiency is 90%. As a result the efficiency of the NO y-band las:r is just
1/4 the efficiency of producing N,(A). o

4. Experimental Results in N,/NO

Figure 14 shows typical NZ/NO discharge data. The mixtire con-
tained 3 torr of NO in an atmosphere of N,. For the run shown in Figure 14
the electric field obtained for the first 158 nsec was slightly > 25 kV/cm
atm. The mean discharge current at this electric field was about 100 A/cr‘x2
and the energy deposited in the gas was 375 J/liter. The initial voltage drop
is due to the capacitor discharging. An arc occurred about 500 ntec after
the discharge voltage was applies. This indicates that we could put in an
even greater amount of energy at these voltages. In Figure 14 we also see
the fluorescence at 2362 A corresponding to the NO (A, v = 0) - NO (X,
v = 1) transition. The fluorescence increased when the voltage is turned
on and begins to decay as the discharge voltage decreases. The second in-
crease in the signal is noise from the arc. Notice that the time scales in

theupper and lower photographs are 100 nsec/div and 200 nsec/div respec-
tively.

Finally in Figure 15 we see a time-averaged spectrum of the light
from the NZ/NO discharge. It is apparent from this figure that most of the
radiated energy emanates in the y-bands of NO indicating efficient transfer
from Nj(A) to NO(A). The NO (A, v = 0) - NO (X, v = 0) is faint because
the photographic plate is extremely insensitive below 2300 X. Al: o shown
in Figure 15 for the purpose of precise wavelength calibration, is a mer-
cury spectrum.

D. EFFECT OF ATTACHERS ON DISCHARGE STABILITY

In Aix/N, mixtures we found that we could not deposit enou:th energy
at the required electric field of 10 kV/cm atm. At this electric field the
secondary electron ionization rate was about 3.5 x 107 sec-1l, i.e , the
discharge current increased by e in 28 nsec. This rapid ionization rate
led to discharge arcing before significant discharge energy could e depos-
ited. One possibility of stabilizing the ionization rate is to introdice an
attacher into the discharge. It is important that the attacher concentration
be small enough so as not to interfere with laser kinetics or absoib appreci-
able energy from the discharge. The latter criteria could be detetmined

" This assumes that the stimulated deactivation of NO(A) dominate s the
collisional deactivation by NO(X). If we achieve the predicted 20-30
J/liter in a 100 nsec pulse the stimulated deactivation rate is = 5 x 10’
cm3/sec. This compares to a collisional deactivation rate of 2 x 1022
cm3/sec in the presence of 1017/cm3 of NO. We have also assumned that
the rate of pumping the ground state vibrational levels of NO is negligible.
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DISCHARGE VOLTAGE
............... +—16.8 kV/div

Il ¢—— DISCHARGE CURRENT
4 kA/div

TIME 100 ns/div

e— FLUORESCENCE AT 2362 A

E-BEAM CURRENT
@— (0.6 A/cm? IN DISCHARGE)

Figure 14 Experimental Results in NZ/NO Discharge
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by using the Boltzmann code if all the electron impact cross sections of

SF¢ were known., Figure 16 shows the predictions of the Boltzmann code
when 2 ‘orr of SF¢ is added to a 97% Ar/3%N2 mix. In the calculation we
have on.y included the affects of attachment and ionization for SF,. We
should point out that the vibrational and electronic cross sections of SFg
are not known and so they are not included in the Boltzmann code at this
time. On comparing Figure 15 with Figure 10 we find that the only signifi-
cant difierence obtained by adding SF¢ is that we now have no net ionization
at electric fields as high as 10.8 kV/cm atm. The percentage of discharge
energy into Ar* is essentially unchanged.

Figure 17 shows the experimental results for such a mixture. The
dischar e electric field was 8.5 -9 kV/cm atm and the discharge current
was almost square-topped. In fact, there was no arc. The energy input
was about 23 J/liter which is an order of magnitude enhancement over the
same mix without SF,. Figure 18 shows the result of increasing the elec-
tric field to about 15 kV/cm atm. The discharge current exponentiates and
dischar ze arcs after about 70 nsec. Appoximately 16 J/liter was depostied
in the laser mixture during the stable portion of the discharge pulse. Com-
parison of Figures 17 and 18 shows that the E/P at which ionization is bal-
anced by attachment occurs between 9 kV/cm atm and 15 kV/cm atm as
predictcd by the Bolzmann code.

E. PRELIMINARY Ar/N2 AND Ar/NZ/SF6 LASER EXPERIMENTS

Preliminary Ar/NZ laser experiments involved an attempt at gener-
ating th: Ny (C, v = 0) to N2 (B, v = 1) flourescence level required for laser
onset. The threshold fluorescence level in our optical cavity (stable resona-
tor output coupling 5%, gain length 20 cm, distance between mirrors 70 cm)
was determined by first pumping the Ar/N; laser directly with the e-beam
only. By attenuating the e-beam current density we found that the threshold
for lasing occurred with an e-beam current density of ~6 A/cm2. By block-
ing one of the cavity mirrors the threshold fluurescence level (in relative
units) could be established. The e-beam current density was then attenuated
by an aclditional factor of 10 and a discharge was generated in the ionization
created by the beam. The discharge was delayed up to 1 | sec with respect
to the e1d of the e-beam pulse. At low electric fields (= 3 kV/cm atm) no
enhancement of 3577 R flourescence was observed over that obtained with
the 0.6 A/cm?2 e-beam. At higher electric fields, efficient enhancement
of the 3577 & radiation was observed in both Ar/N, and Ar/N /SFg mix-
tures. However the flourescence in each case saturated just %)elow the
thresho'd for laser action by e-beam pumping. We feel that the probable
cause is metastable ionization. It takes 11.5 eV and more to excite Ar*
and it r:quires only another 4 eV or less to ionize the metastable. In the
case of Ar/N; this additional ionization make the discharge more suscepti-
ble to arcing. However the argon ions so formed are eventually channeled
back to Ar™ as discussed previously. There is a slight loss in efficiency
because of the energy required to ionize Ar*, With the addition of SF¢ the
enhanced ionization rate, caused by Ar™ ionizations,canbe balanced by
attachment. However now the ionized Ar* aren't channeled back by disso-
ciative recombination because the discharge electrons are attached by SFg.
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Figure 16 Fraction of Discharge Energy Into Various Excited States of
Ar and Np for Ar/N,/SF, Mixture. Notice that for E/p's up
to 10.8 kV/cm atm there is no net ionization rate.
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Figure 17 Experimental Results in Ar/NZ/SFé
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Figure 18 Experimental Results in Ar/NZ/SFb




There are three possible methods of increasing the N, (C) popula-
tion:

(i) Redesign of the discharge cavity. The results of our breakdown
experiments together with the predictions of our electrostatics code indicate
that straight wall insulators will have a higher standoff voltage capability.
We expect that the pulsed breakdown characteristics will also be improvecd.
If discharge operation at 10 kV/cm atm can be maintained for longer time
periods, laser action should result. The new cavity will be built in FY76.

(ii) Increase the N, concentration. The Ar is quenched by N, every
tenti. -ollision so if the N, concentration is increased the loss rate for Ar*
is increased. As a result for a given input power the population of Ar” will
be smaller. Unfortunately N, also deactivates the upper laser level so the
N, concentration cannot be increased incefinitely. However it appears that
we can double the Np concentration frein 3 to 6% before Np deactivation will
begin to dominate.

(iii) Use other attachers: SFy might interfere with the laser kinetics
in two ways. If the electron impact cross sections for exciting SFy vibra-
tionally or electronically are > 10-15 cm? they could alter the electron
temperature. Another possibility is that SFy deactivates Ar™. However
for the concentrations of SF¢ used by us this rate would have to be gas kin-

etic if it is to be repsonsible for inhibiting laser action.
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