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toward achieving the.« Boall and by th« end of the current   program 
we anticipate complet« realisation of that« goals. 

-A versatile computer cod« which contains all relevant aas- 
kinetic proce..«.,   optical pumping  procea.e..    and electron' Sla.m. 
Proceaae. ha. been developed and computes small-signal gain and 

unU^'lZ   ^T:-VerSUS rvek-nRth d- ,0 both alkafi-rare ga. mokcuK .and alkali dtmor molecules.    The code  is currently ooera- 
Uona    and  t.  being used at   present  to guide the discharge  and opUc    1 
pumping experimental studies of the potassium-xenon .yatem    The 
code Predict, nel  laser gain for this  system under readily available 

tTon^v^H 0ndltirnS US.7ß 0p,iCal PUmpin^   ;ind -'d-- ope^ati   g    Ind.- tlO„. which may he available  (depending on discharge stability) for 
discharge pumping, y 

Optical absorption measurements on the K-Xe system have 

^ate KX^ IT.     r1"^ r^1"8 the "«^Ibution from both ground .tati   K-Xe n oK-cuU., and K    molecule       Wjth , wavele     th ^    m    . 

ment. on   H«^1     K     P-^cted by the model.    Fluorescence measure- 

naboth    1     '.v"    ,arKe rTnme,lt haVe alSO bet-,n —ied <** "hoi- mg  both the excimer and dimer states  in emission. 

rurremly.   attempts are being made to both measure the  gain 
Meetly us,ng a GaAs probe  laser and to achieve laser osc illat ion on 

the flashlamp   pumped K-Xe system.    Preliminary data have been 
Obtained with the probe laser technique which may indicate gain but  are 

problem ***"* ^^ ,,U> ^—"- ^ «uctuatfon 
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predicted by the model.    Fluorescence meiisu rement s on the discharge 

experiment  have  also been carried oi;t   showing  hot!) the exeimer and 

dltner statei in emission»   Experimenti are currently under way to 

measure the gain on the K-Xe excimer band directly through the use of 
0 

a Ga.As Si 15 A probe laser.    A  review of the experimental program 

will be presented in Section III. 

1 he anticipated work plan for the remainder of the current pro« 

gram will be discussed in Section IV. 
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Here,   [A] and [X) aro the molecular A stato and X  state concentrations, 

<tncl ^A'^X'RfA'SfX are the deRene'"acy factors for the A and X states 

and their parent atomic  states,   respectively.    A(v) is the  Kinstein A 

coefficient  for the transition  (possibly dependent on internuclear sepa- 

ration),   R  is the  internuclear separation,   v  is the frequency of the 

transition,   V^R) and Vj-fll) are the potential energies of the A state 

and X state measured  relative to their parent  atomic  states,   K     and 

Kx are equilibrium constants for the A and X states,   T     is the gas 

temperature,   and c   is the speed of light. 

Note that these expressions do not ..ecessarily assume thermal 

equilibrium to be present between molecular slcttes and their parent 

atomic  states.    A full  rate equation analysis  is employed to calculate 

the A state and the parent atomic  state concentrations.    Such calcula- 

tions have been performed for optical pumping,   discharge pumping,   and 

ultraviolet sustainer discharge pumping and are described in detail 

below. 

A. Optical Pumping 

The optical pumping concept employed in the current  stud/ 

involves the use of a broad band source,   such as a xenon flashlamp,  to 

pump into the absorption bands of the excimer and dimer transitions 

themselves.    Thus the primary pumping rate,   R,   is computed by sim- 

ply integrating over the transition bandwidth,   the product of incident 

flashlamp spectral flux times the net absorption coefficient  (including 

stimulated emission) times a factor which accounts for the penetration 

depth of the flashlamp flux into the mixture. 

RE,D   '     ^<t>MPE(DM exp  j-[ßEM  f ßDMlx}dv.   , (3) 

where 6(.) is the pump spectral intensity in photons per square cen- 

timeter per frequency interval,  pE   D is the absorption coefficient for 

the excimer or dimer,   and  X is the propagation distance of the pump 

radiation into the mixture.    This pumping rate for both dimers and 

10 





■' ■ ' wwmm**i^m*^m*^^mm 

INTERNUCLEAR SEPARATION, ou 

Fig.   II-l.     Potassium-xenon energy flow diagram — optical pumping. 
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The  rate equations for these reactions are written as follows; 

Excimer level  rate equation: 

dt l ' E ass(L)1       ' ex'    2   ' 

- (r   ' + r,.    ,_. + A + S^tfKXe  I = 0 
ex diss(E) E'1 ' (H) 

Himer level  rate equation: 

d   (u- :: 

(i •    + r,.    .... + A + S.JFK,"] ■ o ex        diss(D) D'1    2   ' (9) 

Resonance  level rate equation: 

TrK"l - r,.    .„.fKXe'i + r,.    /T^JK0
:;:

] dtL diss(E)1 '        diss(D)1    2   ' 

(I a s s (E1 S) + ra..(DJ + Atr)fK':l ' 0 ' (10) 

where  r        and  I' .       are tlie association and dissOvjiation rates for 
H S S Q 1 S S 

leactions  (4)(E)and (5)(D),    r     and   l\   ' are ♦ lie forward and backward 

excimer-dimer exchange reaction rates for reaction (6),   A is the 

excimer and dimer level radiative rate,   A    is the trapped radiative 

rate for the  resonance level,   and S„ and S^ are rtimulated A to X 

transition rates induced by the pump field.     The transition rates S-^ and 

Sn are given by expressions analogous to tq.   (3): 

SE.D   "■      /♦(vMlEtD(v)/[Aj) exp[-PEM + PD{v)x]d.   . 

13 



The forward and backward rates for reactions  (3) through (5) art 

related by detailed balancing and Saha's equation: 

'ass.E.D^diss.E.D  =   fXe'KAT. E.D 

r  '/r ex     ex 
[Xej. 

K 

K 

K 
A 

1) 

The values for the association rate is obtained from the literature or 

through scaling arguments applied to measured rates for other systems 
following Ref.   (2). 

Table H-l  lists the numerical values of the  rates used in 

eqs.   (8) through (10) for the K-Xe system. 

A computer code has been set up which solves eqs.   (1),   (2), 

and the rate equations and calculates absorption and net gain for input 

values of gas temperature,  xenon concentrations,   and incident flash- 

lamp flux.    Sample  results for the K-Xe system with a flashlamp flux 

chosen to be consistent witli measured xenon flashlamp outputs are 

shown in Fig.   II-2.    One can see that practical laser gain is predicted 

from both the excimer and dimer at temperatures and pressures 

readily achievable in a laboratory experiment.    Note that at the higher 

temperature the gain shifts to the dimer band as anticipated. 

B. Discharge Pumping 

A computer model analogous to that for optical pumping has 

also been developed for discharge pumping. The laser kinetics mod- 

eling is the same as before, except that excitation and de-excitation of 

the electronic states occur via inelastic and superelastic electron col- 

lisions, as illustrated in Fig. II-3. In this case, under typical operat- 

ing conditions most of the pumping occurs through the excitation of the 

atomic resonance level. 

14 
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Fig.  II-2. Potassium-xenon theoretical, small-signal lasei 
gain      optical pumping. 
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Fig.   11-i.    Potassium-xenon energy flow diagram - discharge pumping. 
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Rate 

A 

K 
i 

K 

F: 

D 

ass. 

ass 

ex 

D 

lahl.' II-1 

RATE CONSTANTS USED IN OPTICAL 
PUMPING MODEL 

Numerical Value 

3. 69 x 10    nmc 

Z. 2 x  10' exp 

6. 9  X   10 exp 

/0. 074\ 3 

{ 'Jcm 

/o. 496\        3 

B. Z x 10'3i x fXel2 sc-c'1 

«.Ox  10'30 x [Xe] x [K| sec' 1 

i        in"10      n-i -1 1x10 x    K    sec 

R eference 

6 

2 

Estimate 

T1665 

A plasma model is also incorporated into the computer code 

Which computes the electron density and electron temperature to he 

used in the kinetics model. 

An outlit e of the plasma model  in its current state  is presented 

below (again using the notation for the K-Xe  system). 

1. Electron Energy Hist rihut ion 

A maxwellian energy distribution for the electrons is 

assumed.    This assumption is not expected to lead to serious error 

since most of the excitation processes of concern to us will involve 

electrons with near average energy rather than those on the tail of the 

distribution where large departures from maxwellian population can 

occur. 

17 
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2. Electron Temperature 

Blectrom art' asaumed to gain energy from the field and 

lose energy in sti'ady slate through elastic collisions with the  rare gas 

and inelastic collisions with the  .alkali.     The latter is assumed to he 

dominated by excitation of the  resonance line and  by ionization.    Under 

this condition,   energy conservation  reads 

1/2 

d/dt(3/2[e"jTe)       e[e>d •  X - [e^Xe]^^^j 
Zm 

M 
(Te) 

Xe 

[e'VK] I*        ({* )v(0,r w- + «,      ■   f(Ov(€)(r.      .      J L |   res ies.K ion:z ioniz,KJ 

(11) 

where H*-) is (he maxwelllan energy distribution and the bar indicates 

the appropriate Integration over electron energVi    For computations, 

we will,   as a first  approximation,   set 

f(t)v(Ocr(f ) 
6 •    10      do 

(e/m )/« dc 

S/2 
exp   (   <   / le) 1    v     o (•^) 

where  t     is the thrcsliold energy for the excitation or ionization pro- 

cess.    Here, 

] indicates  species concentration 

m     is the electron mass e 

v   ,   ,  is the electron velocity        (2t/m   ) 
e(«) c' 

1/2 

a   *   is t!ie elastic collision cross section of electrons 
with the xenon at an energy  ■   Te 

(2m   /v   ) is the fractional energy loss per elastic e   Ac ... 
collision 

IK 



Subscripts "res" and "ioniz" refer to the resonance and 
ionization level of the 
potassium 

The drift velocity. 

Vd   =    <2 

1/Z/m   \ 1/2 

e is the electron charge 

X  is »he electric  field  in the  plasma. 

2. Electron Production 

Electrons are produced through photoionization of the 

alkali by an external uv flux and by electron collisional ionization of 

the alkali and the  rare  gas.    (In the uv sustainer mode photoionization 

Will,   of course,   dominate. )    Electrons are assumed to be lost through 

dissociative  recombination.    The steady state-rate equation for the 

electron density then  reads 

d/dtfe"]   =   [K]*     cr        |  [e'lfKlf  v   a. 
uv   PI      '      ll    ' e   e   ioniz 

+ [e')rXc]f v   a.      "" -afe'l2   =   0 
e   e   ioniz, Xe L      ' ' (12) 

where ^ is the effective ionizing photon flux, o is an average disso- 

ciative recombination coefficient, anH * [s the photoionization cross 

section of the potassium. 

3. Gas  Temperature 

Gas heating is primarily due to joule heating and occurs 

on a lime scale that is  short compared with that for thermal Conduction. 

Therefore,   the time-dependent energy equation is used with the specific 

heat due to the high pressure rare gas component: 

d'dt(3/2fR. G. |Tg)   =  j •   E (131 

19 
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For conputatiotis wt- approximalc j •   E and [R. G. | as -onstant and 

w r It e: 

o  f (j •   EH 

3/2[R. G. | 
(14) 

where To is the oven temperature required for producing a specified 

equilibrium alkali vapor pressure. 

Table Il-i lists  seme of the estimated values of the constants 

used in the plasma model.    Clearly,   the discharge pumping model  is 

more approximate at   its  present  state of development than is the opti- 

cal pumping model because of the s priori use of Maxwellian energy 

distributions,   truncated expressions for the electron collisional exci- 

tation and ionizat ion  rates,   and uncertainties in the values of the elec- 

tron collision cross  sections.     The  model is  expected to  yield results 

correct to within an order of magnitude« 

Example!  of results for a self-sustai ned and uv-sustained dis- 

charge through K-Xe are  shown in Figs.   II-4 and II-5,   respectively. 

The terms  self-sustained and uv-sustained used here  refer to situations 

where electron production in the pUsma is dominated by electron col- 

lisional Ionisation or by UV photOionization,   respectively.    Whether or 

not  a sustained discharge current can be made to flow under these con- 

ditions will depend or whether the current density is high enough to 

sustain electron emission into the discharge from the cathode.    This 

current density threshold has not yet been determined.     The results do 

illustrate,   however,   that  practical laser gains on both the excimer and 

dimer bands  in K-Xe can be achieved  in either the uv or collisional 

Ionisation mode at a discharge power density far below the power den- 

sities which are no w  routinely used to excite atmospheric  pressure 

C02 laser mixtures using preionizat ion conditioning of the discharge. 

The situation appears even more hopeful from the point  of view of dis 

charge stability since those mechanisms which are now believed to be 

m ost   responsible for the glow-to-arc transition in the CO-,  laser 

20 
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Fig.   11-4.    Potassium-xenon theoretical,   small-signal laser gain 
self-sustained discharge. 
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Fig.   11-5.    Potassium-xenon theoretical,   small-signal laser gain 
uv-sustained discharge. 
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fable II-2 

RATE CONSTANTS USED IN PLASMA MODEL 

Cross Sectional Pate Constant Estimated Value 

el 

res, K 
r 
lonis, K 

PI, K 
o 

3x 10-l6cm2 

1 x 10"14 cm2 

3x 10-16cm2 

1 x lO"19 cm2 

-7        3 1 3x10      cm     sec 

11664 

discharges  (thermal deposition and attachment) will be present to a 

much lesser degre« in an alkali-rar^ pas plasma.   Other mechanisms 

peculiar to an alkali-rare RaS mixture  such as local cataphoresis 

effects may cause problems,   however.    This important aspect of the 

problem still needs careful study. 

Also illustrateH in the discharge results is the effect of dis- 

charge heating on laser kinetics.    In the examples shown,   the   gain 

falls to less than half its initial value  in times on the order of 3 msec 

due to gas heating.    Thus,   gas heating must be carefully controlled if 

cw or high pulse  repetition rate operation is to be attempted. 

23 
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Fig.   Ill-I.    Old experimental apparatus — flaahlamp pumping. 
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Fig.   Ill-2.    Old experimental apparatus — discharge pumping. 
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Fig. 111-3. Potassium-xenon absorption coefficient: comparison of 
measi .-ements with theoretical model (low temperature 
results). 
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Fig.   III-5.    Present transverse discharge design. 
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profile of the emission was  recorded on infrared-sensitive film and is 

shown in Fi^.   Ill-7.    The continuum bands  resulting from the A   V. ., to 
2 2 2 

X   ti/T and A   ^1/) to X    t. •_ transitions are clearly visible as the red 

wings of the   self-reversed 8521 A and 8^44 A Csl resonance lines. 

Photographs of the transverse profile of the discharge viewed 

from one of the end windows of the pressure vessel gave the appear- 

ance of a diffuse discharge.   Assuming that this was the cas«-,   an 
2 2 

estimate of the laser gain present on the A   TT to X    <, /-, transition 

was made through a measurement oi the spectral intensity of the 

fluorescence: 

\ 
Gain   ■    x— P      (for large inversions) 

4^0     X 

P.  ■   2. 10"3 «r«ttt/(em   Ä) 

Gain ■   3 % per  meter. 

This result was encouraging except for an increasing doubt as 

to whether the discharge was truly uniform throughout the length of the 

electrode gap.    The photographs taken of the discharge inevitably 

defocus any longitudinal inhomogeneities.    Also,   reliable operation of 

the  running spark along its entire lengtn became very difficult as 

cesium was evolved into the mixture due to an arc shunting of the 

sparks to the screen.    Thus it was doubtful that the main discharge gap 

was being illuminated and preionized uniformly along its entire length. 

A new discharge tube was then constructed which employed the 

trigger wire double discharge technique to preionize the discharge. 

This is the discharge configuration shown in Fig.   Ill-2.    Here,   again, 

it was not possible to reliably evaluate the spatial profile of the dis- 

charge because of the inability to view along the longitudinal dimension. 

It was doubtful that a uniform discharge was ever established under the 

31 
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5 to Id atm total pressure condition  required for achieving a practical 

laser pain.    It was possible,   however,   to establish a cw plow discharge 
17 -3 

through a K-Ar mixture at an ar^on concentration  of ~4 x  10       cm       at 

■^C/'C.    The familiar deep red plow of the positive  column and bluish 

emission of the negative plow adjacent to the cathode was readily 

observed under these conditions and the spectral profile of both the 

excimer and dimer bands was  recorder].    The  relative profile uf the 

observed emission was compered with the modeling results and 

showed excellent agreement,   as  shown in Fip.   111-8. 

At this point in the program it "as decided to work exclusively 

with the flashlamp pumping technique for the  remainder of the current 

program as the most expedient means to demonstrate pain.    There can 

be no doubt that flashlamp pumping is uniform throughout the length of 

the mixture and the theoretical modeling for flashlamp pumping,  which 

is far more accurate than the discharge modeling!   predicts a larpe 

laser pain under easily attainable laboratory conditions. 

B. Flashlamp Pumping Experiments 

The initial flashlamp pumping experiments bepan with the use 

of the same pressure vessel that was used for the discharge experi- 

ments.    The principal difficulty with tins configuration was     ith the 

high voltage connection to the flashlamp which was within the heated 

region and,   even more problematic,   was immersed in a xenon pas 

environment which has a low breakdown threshold even at the high 

pressures used.    The insulation provided for the connection would 

inevitably deteriorate at the high temperatures and arcinp would occur 

from the connection to the pressure vessel causinp breakape of both the 

tube and the flashlamp. 

To remedy this problem and to generally upgrade and simplify 

the apparatus for flashlamp pumping,   a new configuration was designed 

and fabricated which illuminates the need for the pressure vessel.    The 

new configuration is illustrated schematically in Fig.   111-9 and photo- 

graphically in Fig.   111-10.    This heavy wall Pyrex laser tube has 
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IV. FUTURE PROGRAM PLAN 

A. Theoretical Modeling 

By the end of the current program modeling predictions of the 

small signal gain versus wavelength and experimental parameters for 

all of the alkali-xenon A-X excimer and dimer transition will be com- 

pleted for pumping by flashlamps,   avalanche discharge,  and uv sus- 

tainer discharge.    Results will be presented in the form of Figs.   11-2 

through II-5,   together with flow diagrams and listings of the computer 

codes. 

B. Experimental Program 

By the end of the current program the  results of the probe 

laser gain measurements will be presented for at least two wavelengths 

within the K-Xe excimer band as a function of experimental parameters. 

Using the gain measurements as a guide,   further attempts at oscilla- 

tion within the excimer and dimer band of K-Xe will be  carried out. 

Further measurements of the gain will then be made through the use of 

variable attenuators within the laser cavity. 

C. Alkali Source Studies 

By the end of the present program a  survey will have been 

completed of alternative alkali vapor sources with the objective of 

identifying the most practical and efficient technique for evolving alkali 

vapors into a high pressure rare gas environment. 
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