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Abstract

Recent success in high efficiency and high energy laser extractton of tunable
radiation in the blue-green C-A transition of XeF under intense, short-pulse electron hean
excitation has rerewed interest in the possibility of similar performance 1n avalarche
discharges., We present preliminary results of discharge excited fluorescence studies 1n a
variety of devices having different degrees of energy loading.

Tntrodvstion

+he .ecent work by Tittel, Sauerbrevy, Nighan and co-workersl non the XeF C-A
trangition laser under intanse, short pulse (1Ons) electron beam excitation at pump
eneryies of 135 Joules per liter has shown efficiencies of 3 percent and energy extraction
as high as 4 joules per liter, These results are obtained with very complicated five
compnneat gas mixtures that include argon as buffer with xenon, krypton, NF, and F,. The
most important addition is beljeved to he that of substantial amounts o§ kiapton uﬂxgh
teni to lower the absorption in the blue-green from argon species [Ar,( Zs ) agd Ar, ], to
drop the populaticn of tre B-state due to snhanced B-C state mixing ba krf¥pton” and "to ,
increase absorption at the B-X transition wavelength region due to the formation of Kr F°,
{n wdditi1on, there is ircressed Rain on the tlue side of the C-A band due to trimer
ar1ss1an from Kr F, Under e-beam excitation the B-X fluorescence steadily decreases with
tncreAsing kryptén pressure, The C-A fluorescence remains relatively constant as kinetic
code calculation shows that at room temperature over nirety percent of the population
starts oft in the (-atate, Time resolved gain measurements shuw that during the e-hbeam
egxr1tAation pulse there 19 net absorption with net gain taking place only {n the atterglow
»t the discharge.(Recently, results at Avco Everett Research Laboratory has shown that at
Power energy Jdeposition rates substantial gain (s observed throughout the e-heam punmp
y1lee yeing such five component gas mixtures ae described by :he Rice Univereity and
“nited Technology work.)

Disctharge Fluyorescence 3tudies

The resuvits of pumping vwith intenas electron beams tend to indicate that to
«urrranuglv {mplement similar cesults we need to depomit energies of the order ot 10
Mwatte cm in 1D nanoweconds and thia needs to he done in gas mixem containing high
concentrations of krypton and at static ftlling presaures of 6 atmospheres. Several
fluorescence studies have been undertaken cn the XeF C-A transition tn a number of
{1fferen, discharge levices., This includes a long-pulaie tnductively stabtltized lawet head
At relatively low power deposition (590 kw/cc), a commerctal Lamhda Physik EMG-50 laser ot
power depneition setimated tn the regton ot 1 to 2 MW 'cc, and a high power Jdeposition
Isvice with deposition denaitien measuresd higher th.n 10 MW/ cc,

vome fntttal data was ohtatned in & long-pulwe inductively atabilized davica, The
powar depoai{tion ts relatively low {approximately 500 KW/ cc), Figurey | summarizes the B X
and C-A fluorescence data with a gus mixture of A tore F 8 torr Xe, ) Atmospheres No and
varying concentrn: tone o/ Kr, Stable aelf sustained dincfiarge wan obtatned up to JO0 torrs
nf Kt with 1N00rs long electrical pulee widthe, The limtration on etabtlity in thias

sttuation te helieved due tn the weak corona type of pre-torfrutton, The rise (n C-A and
the drop tn B-X fluorescence ae & function of krypraon preasures confirma the tnttial
sxpectationg of dischavrge laser pumping kinettcw aw tndtcated by the electron heam pu e

laasr ayatems,
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A series of studies was undertaken in a commercial laser device (Lsmbda Physik EMG
50) at relatively moderate energy deposition rates which are estimated at 1-2 MW/cc. This
device uses arc type pre-icnization and is capable of sustaining stable discharges with
krypton partial pressures up to 500 torrs. The electrical pulse width is 25ns and He
buffer is used in these studies. Figure 2 presents a typical time integrated fluorescen-e
spectrum, Figure 3 shows the fluorescence variation as a function of krypton partial
pressure in a gas mix of F_/Xe/Total=5/20/2500mB with He buffer. This device unfortunately
isa limited in both its pregsure and power deposition rate capabilities. Note that the
results of Fig.3 shows rather rapid quenching of the B-X fluorescence as expected and
relarively slow decrease also in the C-A fluorescence, The relative insensitivity of the
C-A fluorescence as a function of Kr partial pressure is in keepinz with the explanation
given in electron-beam systems thet most of the excited state population resides 1n the C
state, The gradual overrll decrease in the total upper state density is an indication ot
increased quenching as a function of krypton pressure and is an unfortunate observation

and not in keeping with the data of the inductively stabilized long pulse device using Ne
buffer.

A device capable of high pressure operation but still with relatively short gain
length is equipped with an inductively stabilized electrode and operated with a peaxing
capacitor pulse power setup that we hope will be ahle to operate in the 1OMW/cc power
deposition range. Usinp corona pre~ifon.zation this device could sustain a stable discharue
with 3 atmospheres, Ne buffer gas only to 50 torrs of krypton partial pressure, [t was
necassary to utilire an alternate form of pre-ionization. In the foliowing fluorescence
studies the discharge is pre-ionjzed with a krypton fluoride laser operating at 248nm as
shown in Fig.4 and with the addition of trace amouats of fluoro-benzene in the gae mix.
Under this technique of (re-ionization we were able to control the discharge up to 1300
torrs of Kr partial pressure and at total opuriting pressures of over 6 atmospheres usinyg
Ne buffer. The voltage and current measurements (Fig.5) give a power deposition into a
1cmX.5cmXlcm discharge volume of 20 MW/cc. at the peak of the current pulse. Under this
degree of power deposition the behavior of the C-A fluorescence with 10 torrs F.,, 10 torrs
Ya as a function of varying Ne buffer pressure and varying partial Kr pressure fs given 1n
Fig.6. In this case we observe steadily increasing C-A fluorescence as a function of
incrcasing krypton pressure, However, the C-A fiuorescence dropped precipitously bevond 4
atmospheres of Ne buffer gas. The charging voltage for all these studies were kept at
25Kv, It is not clear presently if this turn around 1n the C-A fluorescence can be
overcome if higher charging voltages are used,.

Discusstion

The data presented {n the above studies are a preliminary look into the possyihiliry
nf obtaining high laser outputs »f tunable blue-green radiaticn using *he C-A transition
nf XeF with complicated multi-component gas miatures and under *he conditions of intense
power deposition., As can be seen the fluorescence behavior appears *o be different us:ng
neon and helium buffers. Of course, the behavior of different buffers nend to be comparwe|
in the same device which up to this point have as yet to be done. The wbservation ot
increasing C-A fluorescence as a function Kr partial pressure {n the neon buffer
discharges at low and very high power deposition rates {mply that the  and B state
populacionys are much more evenly distributed then in the case of electron-beam excitat)on
although the He buffer studies seem to be in accord with the e-beam excitatiacy studies, we
are presently setting up experiments to look at the gain at the argon ion laser
wivelengthe and to see ({f we can succesefully obtain blue-green lasiag » tne high
pressure device, We, however, do not look toward very strong lacing cutp.rs because of the
relatively short gain leangths of the devices under study. Ve need to huflr a laser with
relatively long gain lengths using strong ,uniform pre-ionization with sitner x-riy or ar:
type sources and at power deposition rates that have been reported here in c-der to ses 1
strong hlue Rreen lasers in the XeF C-A transitton te a poasibility,
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Figure 1. Fluorescence (C-A) and (B-X) versus Krypton partial pressure in a

long pulse inductively stabilized long pulse laser with gas mix
of 4 torrs FZ’ 8 torrs Xe and 3 atmospheres of Ne,
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Figure 2. Integreted fluorescence spectrus from a commercial laser device
(Lambda Physik EMG 50) using helium buffer with gas mixture given
by Fz/Xo/lr/He-S/‘.01400/2075 eB.
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Figure 3. Flu remcence XeF(U-A, B-X), and KeF(F-X) an a function of K

partial pressure in a gav aix of Fz/lo.’Tolnl-‘S/)()/Z‘S()() ob.
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Figure 4. Schematic of high pressure XeF discharge cell with KrF laser

pre-ionization.
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Flgur® 6. Fluorescence KeF(C-A) am a function of Kr partial pressure and aw
A functinn of total filling presiure using 10 torrs F2 and 10

torre X+ ind Ne an

butfer gas.



