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Abstract

The laser system requirements for isotope enrvichment are presented in the context of an atomic uranium vapor
Coherently pumged dye lasers using as the pump laser, either the fraquency doubled Nd:YAG or copper

E process.
b B vapor are seen to be quite promising for meeting the near term requirements of a laser isotope separation (LIS)
2 process. The utility of electrical discharge excitation of the rare gas halogens in an LIS context is yis-

: cubsed.
Introduction

The strong interest in isotope enrichment using lasers can be put intn perspective by considering the fact
that estimates of the demand for new enrichment capacity through the late 1980's and early 1990's call for a
i new 3,000 tonne (i tonne = 1,C00 kg} separative work plant every 18 months. On the basis of current projec-
K tions, @ new plants of this size may be reguired by the year 2000, at a cost of three to four billion dollars
each, using current gaseous diffusion or gas centrifuge technology. Since the Laser Isotope Separation {LIS)
V. process has a much higher separation factor than either the gaseous diffusion or gas centrifuge precess, high
B product assay may be achieved in a few separation stages instead of a cascade system, As a result, LIS plants
have the potential to be smali and relatively inexpensive, Preliminary estimates show that the construction
cost of an LIS plant may be approximately three ta five times less than for a gaseous diffusion plant. The
potential savings throuyh the year 2000 could be many billions of dollars in capital imvestment and operating

costs.

The economic viability of laser photosepzration will depend wpon several factors which are peripheral to the
enrichment process itself. Principle among these is the development of high-power tunable lasers. Clearly
numerous processes will prove to be technically feasible; however, economic feasibility will depend upcn the

scaling of the lasers used to drive the process.

Potentially useful yranium laser enrichment process can be configured using as the feed materiai uranium as
a free atom or in some molecular form. In this work we shall discuss those aspects of the laser sub-system
i which pertain to the atomic uranium vapor process. The details of such a scheme will not be discussed here; it
: suffices to say that in general several photons (typically at differert frequencies) are employed to selective-
1y place the desired yranium isotope {U235) in a highly excited state. Tnis electrunically excited isotope is
subsequently ionized (using another laser for example) and then extracted from the interaction region in some
fashion. Since the ionization potential of uranium is 6.2 eV, a multiphoton process will typically utilize
lasers whirh span the visible portion of the spectral region.

The purpase of this paper is to outline a number of the Taser requirements and ta scope operating parameter

ranges for some of the principle laser systems where possible. We begin with an abbreviated statement of
nominal laser system requirements, followed by a review of the status of the more promising laser candidates.

Laser Systems Reguirement

The average power requirement for each laser of the multi-step process, is a function of the mumber of LIS
. todutes which might be present in 2 commercial plant. It is quite straightforward to show that the total laser i
power P in watts, which is required for a given plant module, assuming that it produces 0.2% tails, is given by R

the following relationship:

P=5.67 x 00 B0 o)
N F ibort whs puepered as 1 actoont of ik
frogrie il oogt-og Moraivltvvad

tion, apparatas, product or ;
proceus disclosed. o cepresents ihat K use woukd ot b
Wiringe fnmately sumad sights. :

: *This work was performed under the auspice< of the United States Energy Research and Development Administra-
tion. Contract W-7405-Eng.48.
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Here N is the module output in SWUT/yr, ny 15 the probability that a photon which enters the separation chamber
will be absorbed by the desired isotope, n. is the probability that an atom (or molecule) which has absorbed a
photon will go on to be collected and not ‘fost dve to an exchange or undesired decay channel and hv is the
photon energy in joulgs. As an illustrative example; the laser requirements fcr a miniplant module with a
throughput of 50 x 103 SWU/yr (roughly 1/200th the throughput of the present Sak Ridge facility) assuming a
total utilization efficiency ng ng = 0.1 and a 4000 A photon, turns out to b2 approximately 100 watts.

Another parameter of importance 15 the overall laser efficiency denoted by ny. This guantity is intimately
relatea to the efficiency with which the laser isotope separation process uses %he available photons and to
the maxima) energy cost per step per separated atom Ey Which can be ezonomically tolerated. The relationship
is written in the following fashion:

hv
E = (2
4 0 e e

To be competitive with other isotope separation processes £, should lie nominally at 30 keV per separated atom
%gg gaseous diffusion is ~ 3 MeV per separated atom). From our previous example mp turns out to be about

Khile we have obtained in quite general temms several of the fmportant Jaser system requirements, —any more
remain. Strictly speaking however, these remaining laser requirements such as beam quality, spectral distri-
bution, pulse width, repetition rate, etc., depend upon the actual point design (for example source .nd extrac-
tor configurations) chosen for the L1S process. Table I quantifies some of these parameters of interest for an
atamic uranium vapor process. The viabitity of the particular LIS process chosen is based on the employment of
pulsed lasers., bnder such conditions the upper 1imit on the pulse width is roughly set by the lifetimes of the
levels which are involved in the excitation processes.

1t is important tn note that with the possible exception of the rare gas halogen 1asers, the probability of
using fixed wavelength lasers for selective excitations is poor. One then turns to the use of tunable dve
lasers. One dye laser option centers around flashlamp-pumped lasers. While the efficiency projections, part-
icularly for large flashlamp-pumped devices are acceptable, the prognosis for simultaneous high repetition rate
operation (> 1 kHz)} with acceptable effiziency without multiplexing is guestionable. In addition the flashlamp
Tifetime and photochemical degradation of the dye media are also areas of concern. For these and other reasons
the use of coherent pumping of dye media appears more viable,

Table I. Desired Laser Requirements for a Mu
wavelength

average pawer
laser efficiency
pulse width

« repetition rate > 10" Hz
bandwidth ~ 1 GHz
beam quality diffraction limisted
lifetime > 4000 hrs

Table 11 suimarizes the 1asers that were considered as coherent pumps for dye lasers. Of those Tisted only
tvio vere identified as having the projected characteristics which lay within the acceptable pzrameter space;
the copper vapur and the freguency double Nd:YAG laser systems, One can of course envision using a rare gas
halogen laser to pump the dye media; however, at this time we feel that the major utility of these systems lie
in their intrinsi. tunability thuc obviating the need of the dve laser entirely. In the next sections we
discuss some aspects of the copper vapor and rare gas halogen laser systems.

Table [I. Summary of Potential Characteristics of Coherent Pumps for Dye Lasers.

Laser Max, EFF, W W Rep. Rate
Nitrogen glow discharge 6 x 107 100 R lﬁ%
Ar N (coaxial E-beam) 1 x10°2 ? 5 x 102
Ar ion (all visible lines) 1 x130-3 200 o
Ar ion (ali uv lines) 2.5 x 1074 50 pC
Copper vapor 2 x 102 1000 >2 % 108
Nd:YAG (cw pump, rep Q switch) 2 x10°2 >100 >1 x 108

Nd:YAG (frequency doubled) 5 x 10-3 >25 >1 x 104

toeparative work is a value balance between feed, pruduct, and tails. The definition af separative wurk states
that it is a measure of the net increase or change in value for a given feed amount separated into product or
tails. Separative work is commonly measured in kilcgrams of uranium and termed separative work units, or SWU.
As_an esample, 8 product output of ! kg of uranium at 3,23 assay would require 5.871 kg of uranium feed at nor-
mal assay {0,712} and would involve performina 4.746 kg of Separative work, Of course, to achievs ghe product
gutputffor this example, the tails or waste stceam praduced would be 4.871 kg of uramium at 0.2% 33U content.
ee ref, 7.
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The Copper Vapor Laser

Laser actian fn copper metal vapor discharges has been studied by many favestigators.Z-6 As can be seen
from the energy level diagrem in Fig. 1, this laser 15 basically & three level system. The 2 yper laser
levels are strangly connected to the 2 72 ground state by resoglnuy radiative transitions at 3258 and 2247 &,
The wntrapped lifetimes for these transhwns is ~ 10 ns, The €0 lower laser levels sre metastable states ard
are not connected.optically ta the ground state. ({t is fnteresting to note that the actud: laser transitions
at S105 and 5782 A constitutes a double electron jum dp to 4% {at = 1} and 3¢ to 45 (st = 2) with natural
radiative lifetimes of 780 ns and 370 ns respectively.

M o % ey
Generally speaking this system exhibits the potential
for efffcient production of transient inversions in high
voltage discharges; the intrinsic quantup effictency te-
ing of the order of 60%. The sctus) overall device
efficiency 15 considerably iaabr than this due 10 sever-
a1 basic kinetic processes which are operative. For
M exsmple, since the peak value of the electron irpact
§ross, sectior for pumping the lower state {i.c., ithe
- 29 cross section) is only about 3 factor of three
less than that for puming the upper °P state, a r2ason-
able smount of energy fs expended in populating the
lower laser level. This loss process 15 particularly
et detrimental fn that it also markedly reduces the net
- gain in the systen, Theie have been several kinetic
models developed for the copper vapor laser. In his
mode] Leonard® showed cocputationslly that the vaper
Tevel purping rate doafnated the others for values of
the electron terperature in excess of 2 eV. This indi-

. o e cates that large £/p values, where £ is the applied
FIG. 1. €nergy levels far the lasing transitions electric field gnd p the reduced pressyre, 2re necessary
in capper. The isatope shifts for copper for reasonabie {nversfon densities.

and hyperfine componente are not shown.

While many different discharge device configurations?-19 and buffsr gas additive studies!! have been done,
the congi?yrﬁim. that is presentiy employed for the LLL {sotupe separztion cxperiments s a General flectric
design O 14 This laser consisss of an alunina tube with concentric electrodes rounted at each end, The
entire assembly is rounted in 3 thermally insulated enclosure and the device clectrically {solated using &
metal-ceramic seal. After placing metallic copper st severa) lpcations within the tude bore ane fitling with
10-30 Torr of buffer gas (He, A or He} scverai kilowatts (average} of pulsed electricat power §s applied to the
device., The “waste” energy §rom the dischirqe heats the device to cperating tempersture (v 1600° C) and pulsed
outpuls of several watts (average power) have teen obtained.

Table 111 swmarized the results of the copper vapor laser characteristics for such a device. The average
power and efficiency of this device stale with increasing clectrical tnput power and polse repetition frequency.
Development of plasma tubes and thyratrons capatle of hand)ing higher average power should lcad to higher
power outpuls.

1sble 111, Optimized Characteristics for a General Electric Copoer Metal Vapor Laser.
Operating characteristics as 8 function of irpul power and repetition rate
1 S & V] "ll P :

0 326 50 .
6.1 kiiz 11.0 kkiz €1 k2 !
Average output pwei [€))] . T30 245 i
at 5106 1.2 1.70 1.70
single pulse energy {ud) 287 209 100
at 5106 A 205 155 21
Pulse width FWHM (ns) 27 42 27
Average peak pawer kku) 10.6 5.0 15.8
at 5106 1.6 A7 10.3
specific energy { Jfem3) 13 9.5 18
ifficiency {d.c. input to total )aser outout)(s) 0.135 0.17 0.17
Twe 1ifetime (hr} 7 ?

Far_field divergence (mrad) 2.4¢

Hhis corresponds to 35 times the diffraction 1imit for 3 gaussian beam.

The potential davice Yimitations imposed duc to the required high temperature operation has stimulated an
effort to find ﬂother source for the copper atoms. Liu et. al., have obtained suer-radiant emission at 5106,
§700 ana 4762 A1 in pulscd copper jodide discharges. Here the source for the copper g:ams is obtained by the
dissocation of the Cul molecule. Other copper halide compounds can atsa be emploved.]® Their rajor auvantage
appaars to be the lower operating temporature. Ffor example at 1600° C the vapor pressure of pure copper is
about 1 Torz wicreas at ~ 600° T the vapor pressure of Cul is 1-10 Torr. The alteration of lhf plasma and
kinetic processes because of the presence of the halogen can be efther a bosus or a detriment. € work is prese
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ently undenvay 3 clarify this point,

It {¢ interviting to note that despite the early discavery of the copper vapor laser, both o detatled physd-
cal unéerstandinn of the device characteristics and 2 quartitative 23ls base of 1aser parazeters 5 52481 lack-
fng. This s ustion ts dutt in part to the Tack of lastc kiretic gata for copoer, in part €o experizental 4if-
ficulties associated with xorking at very high tesperatures and, in part due €0 the timited interest in the low
overall syst.o effictencies which were a:hhwnble in the past with externslliy-heated actad vapar gencrator
techniques. The demonstration uf 9 15 watt,b 1% efficient pure eatal vapar laser, which utilized the waste
heat fron tie clectrical discharce to generate the vapor, put this system in B entirgly new perspective.

Table IV §'lustrates @ coparison detween various published copoer wvapor laser characteristics.

Table 1¥. Cosparison of Deconstrated Copper Vapor Laser Charazteristics

- ~Pelsing tnergy
Tude Dh. Tube Length Avml{e vower fregquoncy Efffciency Densui
Type {5 %n Iﬁ)__ 1=
Teaow” Cu cetal U8 .
¥ 1.5 13 18 1.0
& € L) Cu eetal 0.8§ 8.5 m 6.8 -
Cu zetal 0.3 &3 2.5 6.1 o.1?
Halmr Cu zetal 2 80 n 15 i.ed
JPL Cu chloride 4 30 29 (] .

Ay rota) genersted by external heat source,

Unforturately until more precise knowledge of the bLasic kinetics of copaes lasers is obtained, onc is limit.
e4 to the develooment of scaling relatiaasnips on the Lasts of axpericentally dotermined outpul powes for sue-
cific experitonty) situations. The erergy Consily lizitssion of conper vapor §2 rot knvwm or weli understood
at the prescent time, The Best figurcs reaorted 0 dite are aparoxisately 15-40 .f¢al for batn aure cetal and
halide cevices. Zviden-e @nfnts to pessihle octastable quencaing offectt 3T iRe iuwbe wall as 3 ¢omingat
scaling Jimit.  1f tmic fact is Borre out by further investioazions, then Scaline ©f the cpnventlon2l copper
vapor 1aser can be accosnlished by szaling the tulie l2n3lh, Under these stvere <cnditicns while 100 watt
lasers s2e0 cainently azhicvahle, power levels §n the eyl tihundred watt 10 kflocatl reglscs =iy not “e realis-
tically feasfble.

Ine Dye Laser

The wavelengths of the pulscd copper vapor laser cd nol owerlap any vicful bound-baund trarsitiont in urie-
1um; one nutt tusn therafore 10 pepicying dye oediy and dstociated hardiirs to shift the laser frenuency into
a useful spectral roylon. Depending cpon the specific arocess used the wivelensin regian of fnterest for ‘;m—
able dye lasgrs in p upaniue sultishoten ohotsicnizatien L13 process shany the secire 2} region fron appran
rately 5630 A to 6507 . uhile the wayelength resion cenlered ncar €903 A fs adeguately covered by the rhoda-
mine familv, tne reasion oul near 2309 A has traditionatly lacked dyes with dond Jasing proverties whick can be
punped with the green copper vapor or argon ion Yines.

A survey of dyeg end solvents 125 perforced at LLL by P 3iswmond uitng the couner vapor lasee oneraling on
the 5156 and S7R2 A Yend. Figure 2 sumtdrizes the test sysiens combinsttans compitible with the <opyer sapor
Teser puin.  Of specta’ note 1% the wa.)‘aﬂﬂ/ now of the new class of DEM gyes mhich appear to be fiibie
and efficicnt lasing sources cul negr G500

[y e — ;;—1 o te e o, 4% High power dye 1aters f9r LIS apniicattons will, in
b o b 130 10 1 mmar e | 9202731, e configurud 35 nicdltator-aplifier Lystems
© Wbt 46 Dosioer s )h 19 0 e A i In which the onciilator provides the nccestary precise
e o :3: "ie "::;::::: frequency -banewidth characieristics witich i+ then
G4 Tomewyi 6 v e ——— !;(‘nsu:d o !.he,t':'.lrcd firad cower b‘{ successive acali-
eyt AW ormon ¢  Sometiot benmamade, er 1t3qe3. Arony the several dye laser paramclers
wedgre s et 31901 tae omese | Fequired for LIS, the one characteristic whick is unique
to the uraniv: motal vapor rocess 43 the resquirenent of
A 8¢ ©o 1 ¢ a « 4 laser Yine-widih power deniity distridutlion which will
Wk .} effect the uniforn saturation of the inkoogencouslys
brosdened uraniun absurption Yine across i1t npsinal

~ 1 GH2 {funa) Doppler wicth, This rcuirement it dic-
tated by the need o achiove effictient atom ulitization.

gt ]
! L 4 At LLL, we have developed 3 copper vapor puped line
! ] car dye ampliféer which cridbits ¢ 20-307 converstan
cfficiency. Using known staging icchnigues 5Such as @
o L in. e device appears to be scalable wp to the desired power
o wo o va ™ Jovels for LIS applications. However, at the present
- sl time we have not vet develoned an oscillator which has
F16. 2. Ontimized dye media for use with the desfred te=por3) and bandwidth format; work {s con-

the copper vapor aser, tinuing in this particular area.
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Ine Rare Gas Halogen Laser

Quite recentiy considerable work fs being devoted at LLL end elsewhere, 10 discharge excitation of several
of the rare gas halides. These systoms hold the promise at leest, of meeting both the repetition rate and
scalable power requirements of an stomic uraniun vapor L15 process. In addition they are intrinsically tunable
aver & wide frequency ranae thys abrogating the need for using the dye laser, Before procceding further it is
useful te discuss the myior kinetic pracesses which are responsidle for the ocguulation in the voper radiative
atate n these systens, However, one must bear in mind that at this time there does not exist a great deal of
data and amalysis so that what is prosented Kere is a best estimate of the important processes. We shall con-
centrate rost a7 our discustion on the XeF rarz gas halogen system, the electronic structure of which is shown
in Fig, 3.

The excited states of the rare gas halides are pre-
dominately fonic in character and Show 3 strong gimﬂar-
n7<2” ity 1o the eacited states of the alkali halides,?0 The
lowest lying excited states can be correlated at infi-
nite internuclear scparation, with Xe* + F~. As these
Tparticles agproach one ancther they attract alarg a very
long range coulomb curve which crotses in a diabatic
-¢sense, the excited states of both 4e and F.  These
curve crossings then provide for an efficient collision-
a) charnpling af erergy residing in the excited state
“{manifolds, fnto the towest-lying moiecular excited
states {namely the 21,5 state), The ground states are
4split into : and = branches: the Zayg';,z is repulsive
in character (unbound) whereas the 23772 exhibits a
binding, the magnitude of which depends_upon the species
~Junder consideration. Fnr example, the “Zy,2 ground
state s unbound or only siightly bound in Xel but more
.strangly bound §n XefF. The radiation emitted, there-
fore, twy have a tound-bound 35 wel) as bound-free spec-
2o o ¥ tral character.

0t

enency 1od cw'y

At this point it s useful to discuss bricfly the

L 3 4 = utility of the rarg gac halogen systems in an LIS con-
. text, Figure 4 shour the extent of the flourescent
INTIRNLCL CAN SEHANATION 18) spectra for the rire gas halogens. One Sees that for a

given molecular system the spectra is comorised of at

Fig. 1, Estinated potentis) cnergy curves for xenon Cast ong narrow bandeidth emission corresponding to the
fivaridr, From Ref. 19, £1/2 ~ “Iyyo transftion angd a brgadband em:ssion whicn

correspondt! fo the L2 - Z-”;_;,z transitions. In
Acludl f2ct thete spectrd are Somenhat sore corplicsted thes what is shown duem to the fact that at infinite
internug]ear separstion the excited states are correloted with both the J = /2 and 1/2 rare gas jonic ground
suu—a.’ The useful spect=al rarae spansed by these ralecules §s from rouanly 1900 ta 5500 A, As can be scen
by the verticol Tiees im this Ticyre @ 2we step atandc uraniyn vapor LI5S process that uytilizes an efficient
1aser Yar the aut photpjonizatisn $tep, w11 require @ rare aas halide jaser which ites in the wavclength
Fange fron 2470 te 46O A, Eecause of this €act work ot LLL hds centered around the use of Xef or teCi as o-e
ohoton of & tao photon LIS process.

The mechdnfsne by which excited states of the rarc-9as halides and dihalogens are n"icienﬂy formed by
slectron bears and discharoe ercitation has been a matter of intense speculation. [t §s knownlé that rare-gas
metastable attack vn jome hologen-containing colecules, Such as the reactions

Xe' e F, e feF o F 3

- z .
Xe ¢ NPy« XeF ¢ WF, (8)

proceesy rapidly with high yield of cxcited rare-gas halides. The production mechanism in the discharge lasers
presumadly involves production of these metastablies by dischavge electrons and their sypsequent collision with
Fp or %if3. In electron beam cxcited systems, which tynically contain about 5 ats Ary 150 Torr Xe, and 5 Torr
Fz or KFy, the nrpduction rechanism may invelve rare-qas eacimer chain to produce Arz, followed by Ar} colli-
s%ons with Xe to produce X&' and subsequent attack on %7 3. Some APF® cmissian is seen from such systems, how-
ever, So the kinetic chain might inuvolve the exchange

AF o Xe - Ar ¢ XeF© (5}

with Arr' produced by argon atomic metastadle or excimer collisdons. [t has also been speculated that ionic
reactions such as

30 4 F o M XeF 4 H {6)

+ 3 s e e i
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where ¥ represents a heavy body (xenon or argon) may be impartant.

Several important collisional loss processes far Xe”

:o. 53) ¥ o’ lm' are worth nothing. These are given below;
o -
{l * -
'.r' O@ *otmned Yo +xe sxet raeve (n
a o
(:.,' - ond
a8 = * *
o — e+ de +Xe + 2 (8}
\ s
XeF @; - . The first of these (namely Eq. 7) is a Penpiny 13niza-
xn . H \ tion process and cross sections v 10-19 ¢m? are probable,
LU .. g | The second loss process (Ea. 8) involves the {onizatior
KiC: = pm &l awmme uamum (or excitation) of the excited state due to interactions
Ked B = 21 tweshatd { with the cold background plasma. This is a well known
. bl B H wavelengom phenomenon in ?gseogs discharges and cross-sections as
acpem b B N twostep procen large as » 10~12 (m are possible. This latter reaction
r24 L@ s 2 is of uw?stiimpogta»ce in determining the performance
- characteristics of electron beam sustainers or simple
w0 250 ":32““6:“5?“ 550 &0 electrical discharge excitation schemes. It has been

shown both experimentally and theoretically to substan-

tially 1imit the effective use of a sustainer discharge

to augment the e-beam pumped xenon excimer system.

FIG. 4. Flyorscence spectra of the rare gas excimers Roughly Speaking, these two reactions 1"'“?3‘; ”}“ to
o™

ang rare gas halides. The circies denote produce Xe® at high efficiencies, Xe* < 10 .
those systems and transitions for which These processes will be important for fef* as well and
stimulated emission has been observed. with probably similarly Yarge cross section values.
Shown 21so are the requisite waveiengths

for a hypothetical two step LIS process. There §5 an additional cellisional loss process

which appears to be energetically possible; namely the
- collisionn*dea;'.‘vation orageF by fluorine. In their
work on XeF" Ewing and Brau®® postulated the following

deactivation scheme, namely
. +
XeF + Fy = XeF + F,. (s)

From their data they infer a rate coefficient of approximately 8 x 10°10 em3 =1, Since this process effec-
tively competes with the radiative channel one must work at a sufficiently low halogen concentration that this
reaction does not domitate the stimulated emission rate.

Obvigusly these systems are quite complicated and certainly wirrant further study, Let us estimate rowever,
the maximum intrincic efficiency for the nroduction ¢f XeF“ under the assunption that the experimental condi-
tions are chasen so as to minimize the collisional deactivatinn processes. From £q. 3 we have that,

- Eyor* \

TxeF* = ge* éeF‘ (10
Xe

where - and £ are the appropriate production efficiencies and photon {or state) energies. Theoretically a,."

can be shown to hava 2 value - 507 if the excited state densities are held below approximately 1015 cmd. Iis

Implics 3 maximun intrinsic efficiency of - 20%.

At the present time it appears that because of the repetition requirements (> 10% Hz), electren beam or
e-bean/sustaine~ excitation of the rare gas hatides is not a viable option and for this reason work on dischar-
ge excitation far these systems has been encouraged. Qpite recently R. Airey2d has shown that the strong band
laser emfission sn XeF is tunable over approximately ZDH in an unoptimized cavity configuration. TJable V sum-
u;‘izes our best understanding at this time, of the published nperating characteristics for discharge excited
XeF and KrF.

Table V. Comparison of Oeonstrated Discharqe Excited Rare Gas Halogen Characteristies.
Tuoe Pulse Pulse .
1 Lengt;- ll(mrt))y rrmugncy i
ule {cm ) Efficiency
7 éﬁ 10 527 0.5%
Xer 26,28 90 100 5 it
Krf 50 1.6 § 0.06%
KrF26,28 30 3 - 0.3%
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Conclusion

A brief summary of the laser requircments for an atomic uranium vapor LIS process have been presented. The
near term use of copper vapor pumped dye lasers has been described and both the present and future status of
these devices given. At this time it appears that they can meet the needs of an LIS process however, it re-
mains to be seen if both the scaling and long lifetime {> 4000 hrs) requirements can be fulfilled.

The use of high repetition rate electrical discharge cxcitation of the rare gas halogens appears to be

quite attractive in an LIS context. Much more work s required to bring these to the point where a critical
assessment of their capabilities can be made.
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