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ABSTRACT

Ve present modeling strdies of pulse-train amplification
experiments conducted at Saandia National Laboratory in Albuquerque
(SNLA) with an e-beam pumred ErF laser amplifier. The laser

eometry is such that the dominant amplified spontaneout emission
%ASE) grovth is along the propagation axis. Our numerical studies
include the propagation of on axis co- and counter- propagating
fields for both tEe pulse train and ASE simultaneously. The

time- dependent gain, absorption,formation and quenching rates are
obtained from a state-of- the-art kinetics code developed at Los
Alamos National Laboratory (LaNL).

INTRODUCTION

This paper presents some preliminary results of a
collaboration between the experinental groups at SNLA and the
theoretical groups at LANL. The SNLA experiments being modeled

vere conducted using a A-cell KrF amplifier described elsevhere.!
The 5.7 cm diameter KrF gas cell was longitudinally pumped over 92
cmof its 1.3 m lengtn by a 20 nsec e-beam. The e- beam profile
contained 68% of its energy in the central 307 of the cell area.

This results in an avarage pump rate of 4 I\v’/cm3 at a gas pressure
of 1 atmosphere. Because of the high aspect ratio we have modelled
this system using a Elane-wave on- axis co- and counter propagating
representation for the electromagnetic ficlds in Naxwell's
equations, i.e., rjght and left propagating ASE pulses and a right
propagating injected pulse train. Due to the very fast lower level
lifetime we need only model the fields™ intensities as opposcd to

»
their amplitudes, and have treated the Krf excited states as the

only species present in the cell which can create phnluns.z



lne theoretical model used here is a simplification of our

more sophisticated kinetics model? where ve compute the e- beam
energy deposition while simultaneously solving 70 kinetics
reactions including photon propagation. Because of the long run
times for this computer code we Eave studied rthe impact of the
photon dynamics on the e-beam excitation phzsics, 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 profile cf the e-beam excitation assuming a uniform
transverse profile. Therefore, we simply solve tne dynamics of the
photon intensities and the upper- state population in a
one- dimensional, time- dependent formalisam using the look-up tables
provided by the kinetics code. The only other quantities that are
necessary 1or describing the dynamics are the stimulated and

spontaneous emission rates for the Krf species and the
saturable-absorption saturation intensity. In addition, since we
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 photons, i.e., the farther a gain
sheet is from the end of the cel? the smaller the solid angle into
which ASE photnns are radiated in the near on-axis region.

ASE THEORY AND EXIPERIMENT

From a modelling perspective, it is important to calibrate the
theoretical model to AgE experiments before beginning calculations
for pulse train extraction, as this represen.s a baseline check of
the initial assumptions. Vithout e pulse-train seed, we measured
2.7 J of ASE from one end of the A-cell. Agreement between theory
and experiment was cbtained when the theoretical aperture area was
limited to 351 of the cell arca. This suggests that the domirant
ASE 15 nearly on-axis and that this model 1s appropriate for
treating the pulse train experiments.

Although the time dependence of the outiput ASE was not
measurcd in the experiments, the theoretical vaveforms show damped
oscillations in the ASE intensity. In order to better understand
this result ve made the e- beam temporal profile flat topped. The
results are shown in Figs. (1)-(3). The observed steady state is

consistent with wvell known analytic solutions. Y10 scan of the
literature revealed no previous studies of transient ASE. However,
in discussing these results with colleagues we have found that
other research groups have noticed these relaxation oscillations in
their theoretical modelling, but as of today no one has observed

them in their expmimcnlh.“‘l'2 The osciliation period depends

primarily on the stimulated emission cross section and to a lesser
degree on the
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Figure 3. Excited state species
within the cell. Each successive
trace .efers to one nanosecond later in time.



cell length. Vhereas, the cscillation’s magnitude and fall-cff
depend most strongly on the pumping rate and damping of the
excited state population.

PULSE TRAIN DYNANICS

In Figs. (1) and (5) we show measurements cf the input and
cutpur waveforms, respectively, acquired with 0.5 ns resalution.
The thecretical output waveform, calculated using the data from
Fig. §4), 1s shown 1n Fig. (6). The model predicts strung
amplitication of the intensity betwveen pulses and over estimates
the output energy. Further investigation suggests that the actual
baseline intensity is not accurate.y represented in the data. Data
supporting this conjecture 1is shown in Figs. (7) and (8) where the
temporal resolution 15 0.2 nsec. In addition to revealin
structural details within each pulse, these figures show §1ttle
baseline intensity between pulses.

Because of these difficulties with the data ve began a
theoretical study assuming a zerc baseline. In Figs. (9) and (10)
ve show a theoretical simulation of the same pulse train. The
pulses are super Gaussian functions with a fourth-rrder exponent.
Notice the high gain on the leading edges of the output pulses.
VYhen ve repeated the calculetion wiih standard second- order
exponent Gaussian functions, the output pulses did noct show thas
high gain on the leading edge. This sensitivity of the ouput
pu?se temporal profile with respect to the rise time of the leading
edge of the input pulse temporal profile makes modelling of these
experiments very diff:cult. Returring our attention to Fig. (10)
notice that the ouput energy 1s reduced as compared with Fig. (35),
but is still larger than found experimentally. In Figs. (11) and
(12) ve show the right travelling (co-propagating) ASE and left
travelling ASE, respectively. The co-prcpagating ASE builds up
between successive pulses in the train. The counter-prcpagating
ASE has an initial peak with a subsequent tail. Both these result.
are qualitatively consistent with experimental cbservations from
the i cell, since the energy in the ASE pulses 1s nct known.

FUTURE VORK

vith the expectation that moedifications in the experimental
apparatus and thecretical model will improve the consistency
between them. SNLA personnel are currently warking te ampreve the
temperal resclution of the input, output, and ASE waveforms  fther
suggested experimental impravements include baffling of the
e'~ctron beam to improve uniformity, and baffiing the i-cell to
.edJuce the ASF reflectirns at the walls. PFossible impr. iements to
the model are the inclusion of ASE bandwidth, off axis aSE
propagation, and radial prefiles of the e beam and irput seed
energles. The present cude dies, however, cuntain the essentaal
physics of the ASE and pulse train dynamics.
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Figure 5. Qutput pulse train
intensity vs. time digitized
from a streak camera,
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shown in Fig. 4.

Figure 6. Theoretical output
pulse train intensity vs. time
for the input pulse shown in

Fig. 4, Energy in mJ/ch.
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Figure 7. Input pulse train Figure 8. Corresponding output
intensity vs. time for a small pulse train intensity vs. time
initial region of a total from Fig. 7.
pulse train. Not the same run
as shown in Fig. 4.
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Figure 11. ASE output (co- Figure 12. ASE output (counter-
propagating with the inﬂected propagating with the injected
pulse train) at the right end pulse train) at the left end of
of the cell vs. time. the cell vs. time.
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