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ABSTRACT

Current research in excimer her technology ●t Los Alamoa progressed in two mqjor areas: 1) In the
Bright Source program, the development of ultra-high brigh~eso (mabpicosecond) lacer ~s~ms, based on
discharge-pumped ezcimer laser amplifiers, continues. Recently we have completed rigorous
mensuremente of the saturation parameter for ultra-short pulses. 2) In the Iaoer fusion program,
implementation of the large KrF la~er fusion amplifiers have been accompanied by numerous titudies of
the laser physics and kinetics of large e-beam pumped devices.

1. UL’ITUSHORT-PUU3E ENEMY EXTIUCI’ION MEAsumMEBrm IN Xecl AMPmmRs

The bandwidth of the XeCl gain medium is 120 cm-l ●nd can be fully exploited to produce femtosecond
ultraviolet pulees by mecling of ● XeCl ●mplifier with the frequency-doubled output of ● -tandard ultrafast
dye oscillator/amplifier. Such ultrafatt XeCl lacer eourcesl-4 have in recent years delivered peak optical
powers of up to one terawatt. iiowever, as pulee durations drop below the charac~ristic recowry times of the
gnin medium, ●nd othenvine brgin to approach the bandwidth limit, output energies and pulee shapes can
be expected b depart from those derived from well-edabliohad incoherent pulee, propagation models ouch ao
the Frentz-Nodvik theory.s The intelligent de-ign ●nd ●pplication of ultrafast XeCl amplifiers therefore
strongly depends upon new measurements of the time- ●nd fkequency-dependent properties of XeCl
amplifiers in the short-pulse regime,

Short-pulse amplification in XeCl was firot studied by Corkum and T~ylor.6 With 2-PS pulses, they
mousured a mturation ena~, E~at, of 1.0 mJ/cm2 and found that following transit of the ultrashort pulse,
thr time dependence of the gain recovery considad of two component: a fact 40-pt recove~ that restored
59% of the original amplitude, and ● U1OW 2,5.ns recovely that restored the remaining41% of the ●mplitude.
The short recovery time was identified with a combination of population redistribution within the
rotational manifolds of bath the upper and lower Iaoer levels, vibrational relaxation in the ground state,
and possibly dimmciation of the ground otate, while the long recove~ time wan identified with the energy
storag~ time of the gain medium. From the~ data Corkum and Taylor predicted that for pulm durationu t ,
Rignificantly longer than the shoti recovery time, but thorter than the ener~ storage time (cay 200 PO< t < 1
ns), Emt would increase ta 2.6 mJ/cm2, Mom migniflcan!ly, howover, they predictid that for subpico~econd
pulseR with spectrnl bandwidtha approaching the XeCl limit of 120 cm-1, an effective E.at of 2.5 mJ/cm2
would nleo be obewwed, since such puloes would then have fill accems b the rotational manifold- of the
uppvr ~nd lower Ievele,

Unfortunately, previou~ experimental effort- ta determine the effective E-t in XeCl for near-bandwidth.
limited pulses ●ppear to he inconclusive. While come workerol-3 report Ewt -2 mJ/cm2, others7 report
~~nt .0.85 mJ/cm2, a value r’}mpurable to the 1.0 rmI/cm2result of Corkum and Taylor for 2.pc pulses, The
importance of a reliable value for E.at ●nd the ●pparent disagreement ●mong previously published



measurements and theoretical predictions have motivated our own study of short-pulse amplification in
XeC1. In order to provide ae reliable r.nd comprehensive =esults as pmssible, we have made the first
contiguous measurement of hort-pulse gain in all three of the puleewidth regimes identified by Cnrkum
and Taylor.

In our energy extraction mea8urementa, the input pulse is ●plit into two beams of equal enelgy. One beam
is directed onti a pyroelectnc calorimeter (Gentec ED-100) to determine the input pulse energy, Ein, while
the second beam propagates through the cenbsr of the test amplifier’s discharge volume and ia then detected
with an identical calonmeur h de&mine the output pulse ene~ Eout, The spatial extent of the beam is
defined by 3-mm apetiures placed before and after the amplifier. The input pulse energy is vaned over
four orders of magnitude using calibrated neutral-density filtirs.

These measurement are made with pulses of 160 ft, 3 ps and 600 ps duration. The 160-fs and 3-pI9input
pulses are generated using ● frequency-doubled ultrafast dye laser and amplifier. (The spectral
bandwidths of these pulses are 106 and 8 cm-l, reepdvely.) The 600-ps input pulse is obtained ueing near.
threshold stimulated Btillouin scattering in ethylene glycol to ~hape the output of ● commercial XeCl
oscil Iator.g Further, a variety of experimental conditions ●re employed in order to replicate tho~e used by
previous workers, including 1) the use of two different discharge amplifiers: ● Lambda Physik MSC 101
with a gain length of 45 cm and a LamMa Physik MSC 201 with a gain length of 87 cm, 2) the use of gas
mixtures with either helium or neon buffers as well as varying halogen con~nt, 3) input pulses generated
with and without pre.shaping by a XeCl preamplifier.
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In Figure 1 we present ‘or the three different pulse widths typical data acts taken with a LamMa Ph.vsik 201
amplifier ueing a neon. based gas mixture and unshaped input pulses. The solid lines in Figure 1
represent fits to the data of the Frantz-Nodvik equation6

EOU= EMI ln[l + eOoL(eEwE’u - 1)] (1)

where EMt is the saturation ener~ and g& is the small aignd-gain length of the amplifier. The values of
Emt and ~L derived horn the fits are shown in the Figure. Note that the small-signal gain, G = exp(g L),
increases significantly with puleewidth. Further note that EMt i- about 1 mJ/cm2 for both bandwidth-

limited 160-fs pulses and 3-POpulsee, but increaaeo to 2,6 mJ/cm2 for MO-papulses. ‘1’heaeresults are found
to be indepadent of the gain length of the tetst●mplifier, the composition of the ga~ mixture, and of any pre-
shaping of the input pulee introduced by a preamplifier. We conclude that over a ve~ wide range of
amplifier conditions the saturation energies given by fits b the Frantz-Nodvik curve (Eq. (l)) are
Emt = 1.0 f 0.15 mJ/cm2 for 160-fa and 3-ps pulse dumtions and &t = 2.6 t 0.30 mJ/cm2 for the 600-PsI
pulse duratian.

Since in going from the intermediate-pulse to the long-pulee regime we indeed observe the expected
increase in E8at, we believe that our technique would have been aenuitive b a relative increase in Emt in the
bandwidth-limited regime. An we have attempted tmduplicate the experimental conditions umd by other
groups, we can offer no simple explanation for the quantitative disagreement between our resu!ta and those
of Refb, 1-3. We noti that thi- disagreement is especially significant in the case of Ref. 3, since the~e
workers alone also obeerve a relative increase in &t between the Mamediat.e ●nd bandwidth-limited
regiroes. Othetwiae, it has been ouggeste@ that multi photon absorption in the gain medium could mask an
increase in E~at as the peak power is increased with demeaning pulsewidth. This explanation seems
unlikely, however, since the eflect of nonlinear abao@cm must exactly compensah an increase in EMt ta
account for our obsmwation of no detectable change in Emt within the experimental error.

Rmnll that previously reported values of E.At are obbined horn Eq. (l), which is derived by explicitly
excluding nonsaturab!e linear ●bsorption. To evaluate the importance of nonsaturable loss on gain
measurements in XSCI, “wemeasured the small-oignal linear ●bsorption coetllcient, a, as a function of
wavelength, X, for a neon-based gas mixture. These meaauremente ●re plottad in Figure 2, and nhow thut
a ❑ 0.014 cm. 1 for k >313 nm, There is an ●pparent decrease in abcwption ●t shorter wavelengths, which
is of course due to the onset of gain as the wtivelengtk ●pproached 308 nm. We therefore asaume that the
nonbuturable loss io constant ●crom the gain profile and equal to the off-band value of 0.014 cm-l, Since the
small .signal gain is 0,195 cm-l, a = g~14.

With nonsaturable absorption included, puloe propagation in the ●mplifier is described by the equationl”

(2)

where E(x) is the ●ner~ fluence ●t pooition x in the ●mplifier. Equation 2 can be numerically integrated
over the ●mplifier length to give Eout as a fbnction of Ein. To determine the effect of nonsaturabie
absorption on our measurement of &at, Equation 2 is intagrabd ucing ~at and ~ as fitting parameter

with the measured value of a substituted ao ● nonac@stable constant, The quality of the fits to the
naturatlon data is unaffected by the incluoion of non-aturable loss. We find that E.at increa~ee ta
1,35 mJ/cm2 for 160.fs and 3.PS pulceo, ●nd increa~s to 3.0 mJ/cm2 for 600”Ps pulse~, Although the
inclusion of nonsaturable 10-s doe- increase Eaat in ●ll puloewidth regimen, the value~ of EaaL in the
in~rm~dinte nnd bandwidth-limited regimes are still identical,
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2KllWTKS ANDGAs ~Y OF VERY IARCE E-REAM PUMPE’DKrFMSERS

21. The MfectdASEonrbe PHhlMUedkge IkFAnpWiem

The design of large KrF laser systems for breakeven inertial confinement fusion (lCF) is tending tiward
the uee of a small number of very large final ●mplifiers. Thexe ●mplifiers would have lengths of several
rneter~ with apertures of 1 m x 2 m. In amplifier of this size, amplified spontaneous ●mission (ME)
crm petes with efficient energy extraction, even for relatively low small-~ignal gains (< 2%/cm). To otudy
the effect of volumetric ME on such large amplifiem, ● new computer model has been developed at Los
Alamos National Laboratory 1. Parameters in thig model ●re the small signal gain, gain-to-loss ratio,
saturation intensity, wall reflectivity ●nd amplifier dimension. To benchmark thi~ model,
measurements were made of small-signal gain in the Large Aparture Module (LAM) of the Aurora KrF
laser system12. This double-sided e-beam pumped device is preeently the largeBt excimer ●mplifier in
operation and has a gain length of 2 m and an aperture of 1 m x 1 m.

Gain measurement were made under three different conditions inxide the ●mplifier, The first conaiated
of the normal, fully pumped, unrestricted volume. Meauured small-signs.l gains in this mode were
- 1,6%/cm for n gas pressure of 700 Ton, and F2 concentration of 0.3% and a diode voltage of 660 kV. ‘The
averag~ pump power for these conditions was -126 kW/cm3. Previous “measurements under similar
conditions on smaller amplifiers in the Aurora chain, where ASE is not significant, typically showed a
gain ta pump power ratio of -2.0%/cm per 100 kW/cm9. Thus, the small-signal gain in the LAM in the
absence of ASE is e6timated ta be -2.5%/cm.

The second set of measurements were made in a restricted volume using two horizontal platea mourted
20 cm apart in the center of the amplifier. This should reduce the amount of ASE and, hence, increa~e the
measured gRin. Under the same pumping conditions, measured small mignal gains in thi6 smaller
volume were -2. 1%/cm- a significant increase JVX the 1.6%dcmin the larger volume.
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Fig 2, Computer calcu!ationu of the reduction in effective gain caused by Ml? in large KrP
amplifiers.



The last set of measurements were taken with copper mesh screens installed immediately afker the
electron beam foils. These screens intercepted -50% of the electrons md consequently cut the pump power
inside the amplifier in half. Since ASE in nonlinear, it should decrease more than a factor of two and,
thus, the measured ~mall signal gain with the acreen~ should be more than half the gain without the
screens. Measured small signal gains using these screens were =1.0%/cm, in agreement with the above
analysis.

Figure 2 shows the computer model prediction of the et%ct of ME on M petiormance as a function of ~
(the small-signal gain that would obtain in the ●bsence of ME) along with the data from the gain
measurements. As can be seen in the figure, the model compares favorably with the measured valuea.
Quantitative measurements of sidelight fluorescence were ●lso in agreement with model predictions13.

Thus, the basic predictions of the ME model have been verified, ●nd it can be used with confidence to
project the performance of other large KrF amplifier. In general, it indicates that ME will exact a
penalty of only 15% in very large, well-designed KrF amplifiers.

!u Abemption ~ dmm-gaahali&fAlm?n

The spectroscopic properties of the rare gas-h slide trimers have been under investigation for a number of
years now. These molecules are of interest due to their role in the kinetics of rare gas.halide excimer
lasers. Since the trimers are formed during three-body collisions involving the excimers, trimer
densities can be quite submantial in high pressure, electron-beam-pumped lasers. This can have a
deleterious effect on the excimer output ene~, kwcause the timers are predicted to absorb at the excimer
output wavelength. However, measurements of the trimer absorption spectra have been hampered by the
difficulty in creating the tnmers in the absence of other abwrbing cpecie~ This problem has ken solved
by exciting large concentrations of rare gao-halogen mixtures in a dischm-ge snd probing with a broad
band lamp.

Transient rd orption measurements have been made ta determine the absorption spectra of the rare gas-
halide trirners, Large der, sities of absorbers were created in a small discharge laser having MgF2
windows and a discharge volume of -24 cm3. The laser was &pically filled with 400 to S00 mB of a rare gas
(Ar, K-ror Xc), 5 mB of F2 or HC1, and helium to a total pressure of 2.5 Bar, Light horn a pulsed, xenon
fla shlamp was collimated by a short focal length fused silica lens, apertured and passed through the
discharge before being focueed with an ●chromatic lens onto the 25-yin entrance olit of a 0.25-m
spectrometer, The spectrometer dispersed the light onta a gded, intensified, ultraviolet-sensitive diode
array, and a 300-groov~/mm grating gave a 200-nm range over the active portion of the diode amay. A
20-ns gate pulse was applied to the amay detactor ●t the peak of the 300-n- lart~ppulse. Timing between the
lamp, discharge device and high voltage pulser wa~ controlled with a delay generator, and the detection of
discharge fluorescence with a photodiode ●llowed the dt ift of the thyratron-switched discharge ti be
observed and ccmected for.

A detector controller was interfaced ta a computer that otored and ~nalyzed the data, Each individual
absorption spectrum required three data runs oftypicnlly 500 shots per twn at ● repetition rak of 10 Hz. The
first run consisted of acquiring both the lamp light ●nd the dischurg~ fluorescence, ●nd it contained the
absorption information, The next two run~ collected lamp light and discharge fluorescence separately,
Subtraction of background light was ●utomatic. Ahorption wao calculated by subtracting the discharge
fluorescence opectmm from the lamp + discharge spectrum, dividing by the lamp opectrum and taking the
natural logarithm of the quotient.

The dependence of the 421’ absorption for each of the rare gau halide trimers on wavelength Is seen in Fig,
j’ The spectra were recorded at ● delay of 60 no between the start of the discharge and the end of the gRte
PUIW, Two @r absorption featureo ●re ●violent in the figure. The (42r + 92r) bando peak at 295, 315 and
340 rlm for Ar2F, Kr2F und Xe&;, respectively, ●nd each band has a half width of 85 nm, A second band for
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FIG, 3. Absorption spectra of the rare g~~ halide trimers (42r). T%e(42r + 92r) absorption
bands peak at 295, 316 ●nd 340 nm for Ar2F, Kr2F and Xe2Cl, respectively. The bands

peaking at wavelengths below 250 nm are also due ti 42r absorption. The narrow lines seen
above 425 nm are metastable absorption features,

each tnmer is alao observed at wavelengths leas than 250 nm. The time and pressure dependence of the
absorption and tnmcr fluorescence are identical, conclusively identi~ng the timer aa the abaorber.

In summary, continuous measurements of the absorption moms eection for the trimera Kr2F, Ar2F and

Xe2Cl have &en made using ● transient absorption aet.up, The (42~ + 92r) band hac been obaewed for
each of the trimera, ●a well •~ ●nether band to the blue that hamnot km predicted ta exist. Expenmen+~ are
currently in progress that will extend theee mesourementm down to as low aa 125 nm.
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