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ABSTRACT

Ve present ■odeling stl’dies of pulse-train amplification
experiments conducted at Se~~dia National Laboratory in Albuquerque
(SNLA) with an e- beam pumr,ed KrF laser amplifier. The laser

f)
eometry is such that the dominant amplified sporltaneous emission
ASE grovth is along the propagation axis. Our numerical studies

include the propa atlon of on axis co- and counter-propagating
ifields for both t e pulse train and ASE simultaneously. The

time-dependent gain,- absorption,formation
obtained from a state-of-the-art kinetics
Alamos Nat]onal Laboratory (LANL).

INTRODUCTION

This DaDer Dresents some Preliminary

and quenching rates are
code developed at Los

results of a
collaborat;o; be~ween the expe;inental g;oups at SNLA and the
theoretical groups at LANL. The SNLA experiments being ❑odeled

were conducted using a A-cell KrF amplifier described elsewhere.
1

The 5.7 cm diameter KrF gas cell was longitudinally pumped over 92
cm of its 1.3 m lengtn by a 20 nsec e-beam. The e-beam profile
contained 68% of its energy in the central 30% of the cell area.

This results in an av:rage pump rate of 4 MV/cm3 at a
f

as pressure
of 1 atmosphere. Because of th~ high aspect. ratio we ave modclled
this system using a planewave on-axis co and counter propauatinK
representation f~r the electromagnetic fields in ~a~~~’ll’s- -
equations, i.e.

! I
, ri ht and left pro agating 4SE pulses and a r

propagating injecte pulse train. ue to the veIy fast ]owcr
lifetlme we need only rrodel the fields” intensities as oppos~d

*
t.hrir amplitudes, and have trcatrd the KrF excited states as

only sprc]es present in the crl] which ran crcatc phtj[tlns.
2
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lhe theoretical model used here is a simplification of our

more sophisticated kinetics mode13 where we compute the e-beam
enelgy deposition while simultaneously solving 70 kinetics
reactions including photon propa ation.

f
Because of the long run

times for this computer code we ave studied the impact of the
photo~l dynamics on the e-beam excitation physics, and have found*
that it is possible to characterize the KrF’ formation rate, both
the saturable and non-saturable absorption coefficients, and the

KrF* quenching rate almost completely from the strength and
temporal profllc cf the e-beam excitation assuming a uniform
transverse profile. Therefore, we simply sol-~e tne dynamics of the
photon intensities and the upper-state population in a
one-dimensional, time-dependent formalism using the look-up tables
provided by the kinetics code. The only other quantities that are
necessary lor describing the dynamics are the stimulated and

spontaneous emission rates for the KrF” species and the
saturable-absorption saturation intensity. In addition, since tie
are trying to represent all the dominant ASE as on-axis ASE, we
have used a position dependent aperture function to more accurately
represent the source of the ASE hotons, i.e., the farther a gain

!sheet is from the end of the cel the smaller the solid angle into
which ASE photons are radiated in the near on-axis region.

ASE THEORYANDEXPERIMENT

From a modelling erspective,
!

it is important to calibrate the
theoretical model to A E experiments before beginning calculations
for pulse train extraction, as this represeni.s a baseline check of
the initial assumptions. Without P, pulse-train seed, we ❑easured
2,7 J of ASE froB one end of the ~-cell. Agreement between theory
and experiment vas cbtained when the theoretical aperture area was
llmited to 351 of the cell area. This suggests that the domlriant
ASE lS nearly onaxis and that this model ]s appropriate for
treatinb the pulse train experiments.

Although the time dependence of the outpl]t ASE was not
measured in the experiments, the theoretical waveforms sho~ damped
oscillations in the ASE intensity, In order to better understand
this result Me ❑ade the e-b~am tempolal profile flat toppvd. Tl,r
results are shown in Figs. (1)-(3). The ob~crvrd ~tcady state is

c~lnsistent with well known analytic solutions, 4“10 4 scan of the
l~trrature revealed no previoun studies of transient ASE. BoHe~cr,
in ciiscuhning these results with colleagues we have found that
other research groups have not iced these relaxat ion usc~llat ions in
t,hrlr theoretical ❑odr]ling, but afi of today no on~’ has obs?rvvd

thvm in their rxperimcnl~. ‘1’]2 The os(iliatiol, period drpcnds
prlmarl]y t)n thr stimulated ~~i6Si(J~ cross Brctlon and to a ]e!!~rr
dcgrcr on the
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Figure 1. Left ASE intensity
on output from the cell vs.
time (ns).
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Figure 2. Left ASE intensity
within the cell. Each
successive trace refers to one
nanosecond later in ti~e. The
left edge of the cell
corresponds to Fig. 1.

Figure 3. Excitedst ate species
within thr cell. Each successive
tracr ,rfer~ to one nanosecond later in tlmc.



cell length. Whereas, the osclllatic,n’s magnitude and fall-cff
depend must strongly on the pumping rate and damping clf the
excited-state population.

PULSE TRAIN DYNAMICS

In Figs. (4J and (5] we shw measurements of the Input and
output ~aveforms, respectively, acqu]red with C.5 ns resolution.
The theoretical output waveform, calculated using the data from
Fig.

[
4), is shorn in Fig. [6). The model predicts strung

ampll ication of the intensity b~ttieeli pulses and over estimates
the output energy. Further investigation suggests that the actual
baseline intensity is not accurately represented in the data. Data
supporting this conjecture is shown in Figs. (7j and [8) where the
temporal resolution is 0.2 nsec. In addition t~ revealln
structural details within each pulse, these f]gures shcm f lttle
basellne intensity bettieen pulses.

Because of these difficulties with the data we be an a
theoretical study assuming a zerc basellne. In Figs. f 9) and (lc)J
we show a theoretical simulation of the same pulse train. The
pulses are super Gaussian functions with a fourth-order expunent.
Notice the high gain on the Ieadlng edges of the output pulses.
When we repeated the calculation wl~h standard second-order
exponent Caussiah functions, the output plllses dld not show this
hi h gain on the leadlng edge.

!
Th~s sensitivity cf the output

pu se temporal profile with respect to the rise time of the leadlng
edge of the Input pulse temporal prof]le makes modelling of these
experiments very dlff~cult. Returrlng our attention to Fig. (10)
notice that the oumt energy 1s reduced as compared ~lth Fig. 5!+

In F1 s (11) ~n;but is still larger than found experimentally.
(12) we show the right travellln (co-propagatingj AS

f
f and left

traveling ASE, respectively. T e co-prcpagat~ng ASE builds up
between successive pulses in the train. The counter-propagating
ASE has an inltlal peak Ml?b a subsequent Tall. Both these result.
are qualltat~vely consistent with experimental Observations frum
the J cell, since the energy In the A5E pulses 1s nut knclwn.

We plan to cont~nue modell]ng pulse tra]n da?a from the 1 :r!l
with the expectation that m~dlflcat]ons ]n the exPerlmrnla]
apparatus and theoretical ❑c,del w]I1 ]mpr~~te the cc,nslstenr}
between them. SNLA t)ersonnel are currently w{lrklng ti: lm~,xc.vr lbc
temporal resolution of the Input. output. and ASE ~avef~:rms f)!ilcr
suggested experimental lmpr[~vements lncludc baffl~n of Ihc

!cl-ctron beam to improve unlfl~rmlty, and baffi]n _ t e J-s:(I!I tr!
:~tjuce the ASE reflertl;,ns al the walls. !F[:sslb e Impr. icnwnts II,

the mlldel are the ]nclus]mn ~f ASE balidwldlh, off a.~ls ASL

prcipa~atlcn, and radial pr[:flles of the e beam and ]~illit seed
energlt=s. The present r~,de d(tes, however, cl.ltilaln the rssefi[lal
physics [If the ASE and pulse tra~n dynamics.
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Figure 4. Input pulse train Figure 5. OutplJt pulse train
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Figure 7. Input pulse trqin
intensity vs. time for a small
initial region of a total
pulse train, Not the same run
as shown in Fig, 4.

RIGHT INPUT

~

0.1369764f+02
I

1.0 -

1.? -

0.s -

0-L J
o

0 4 8

ns

Fi ure 8.
f

Corresponding output
pu se train intensity vs. time
from Fig. 7,

RIGHT OUTPUT 0,4174B70E+03

120

ao

40

0 L
o 15

Figure 9. Simulated input pulse
train from Fix. 4 with zero
baseline. Energy measured in Figure 10, Output pulse tra]n

2 based or] input from Fig. (9).
mJ/cm .
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Figure 11. ASE output (CO-

propagating with the in”ected
ipulse train) at the rig t end

of the cell vs. time.
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Figure 12. ASE output (counter-
propagating with the injected
pulse train) at the left end of
the cell vs. time.
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