Simulations and experimental demonstration of energy clamping for
harmonic generation at 1 GW/cm’ for nanosecond pulses due to
wavefront distortion/defocus in glass amplifier systems
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Introduction

There is growing interest in the development of optical
parametric chirped pulse amplification (OPCPA) laser
technologies for Multi-PW applications. These require
the construction and development of suitable pump
sources either based on Diode Pumped Solid State Lasers
(DiPOLE[1] pump technology) or those that exist on
large laser systems like Vulcan. We have previously
described a temporally shaped 3 ns 30 J pump laser based
on a combination of rod Nd:Glass amplifiers seeded by a
CW pumped regenerative amplifier and a fiber seed
source[2]. We model the frequency conversion of this at
3.1J/em’ and 1 GW/em® in 22 mm KDP, 64 mm DKDP
and LBO for super Gaussian spatial profiles, and
Gaussian (G) and super Gaussian (SG) temporal profiles,
using SNLOJ[3]. As is common on glass-based laser
systems, we observe far-field profiles which are distorted
at the 30J level: we incorporate this as wavefront
curvature in our modelling. Because of walk-off between
the fundamental and doubled light, this predicts a
clamping effect dependent on crystal thickness. We
complete this analysis on both KDP and DKDP of 22 mm
and 64 mm thickness, respectively, the former crystal
matching well experimental observed conversion
efficiencies on our laser system. We anticipated and
modelled enhanced conversion efficiency with the 64 mm
fast growth DKDP, but observed severe clamping of the
doubled energy. This study will be important for pump
lasers, especially those systems being developed based on
KDP and DKDP. As on DiPOLE[1], the preferred option
appears to be ~15 mm thick LBO which has a greater
(>3) non-linear coefficient and a smaller (<3) walk-off
angle.

Optical Layout and Results

The 30J pump laser is shown in Figure 1. It consists of a
series of Nd:Glass Rod phosphate amplifiers, beam
expansion being carried in VSFs before finally being
amplified at a diameter of 35 mm in a double pass 45 mm
diameter amplifier. This laser system has been modelled
in MIRO[4], which is able to predict the saturation
effects in the final amplifier.
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Figure 1 30J pump laser used for frequency
doubling studies.

The Type 1 KDP and DKDP doubling crystals are housed
in a nitrogen purged enclosure. Phase matching is
achieved by mounting them on a computer controlled
rotation stage. We monitor the far-field beam profile at
the 45 mm diameter amplifier at low energy when the
smaller rod amplifiers are operating, as well as at full
energy with the larger amplifiers. The conversion
efficiency for spatial super-Gaussian and temporal
Gaussian and super-Gaussian beams from this laser
system has been modelled in SNLO[3]. Importantly, this
conversion efficiency is modelled and obtained at the
~57% level in thin crystals for flat wavefronts and wave-
front curvatures changes which are similar to those
observed in our far-field measurements where the beam
can typically de-focus by more than seven times on full
energy shots.
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Figure 2 Far-field profiles on low energy and full
energy shots
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Figure 3: Computed and measured conversion efficiency for 22
mm KDP for 30 J 3 ns pulses at 3.1 J/em’



Our second crystal is a 64 mm thick DKDP -
computed conversion efficiencies using SNLO are shown
in Figure 5. Assuming a well collimated beam, the
efficiency should approach 95% in these longer crystals.
The graph shows efficiency at the correct phase matching
angle, again for both temporal Gaussian and super-
Gaussian beams. The experimental data and simulations
demonstrate the clamping we observe. Other effects in
longer crystals that may affect conversion efficiency
could include fast and slow growth anomalies, optical
axis change during growth and AR coatings — this may
need further investigation.
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Figure 5: Experimental and simulated conversion
efficiencies obtained in thick DKDP and LBO for 28J

Conclusions

The efficient frequency doubling of nanosecond 1053 nm
sources will require further studies — for beams from
glass amplifier systems which show wave-front
distortion, this is likely to utilize ~15 mm LBO crystals
and/or wave-front corrected laser and or adaptive optic
systems as demonstrated on DiPOLE.

References

1. S.Banerjee, K. Ertel, P.D. Mason, P.J. Phillips, M. De Vido,
JM. Smith, T J Butcher, C Hernandez-Gomez,
R.J.Greenhalgh and J.L. Collier, “ DiPOLE: a 10J, 10 Hz
cryogenic gas cooled multi-slab nanosecond Yb:YAG
laser”, Opt. Express 23, 19542-19551(2015).

2. W.Shaikh, T.Critchlow, A.Boyle, S.Blake, S.Chapman, A.
Frackewicz, M.Galimberti, S. Hancock, 1. Musgrave, D.
Pepler, T. Winstone, C. Hernandez-Gomez. CLEO:QELS
SanJose, USA, June 2013. “Development of a pump laser
for a Multi-TW OPCPA component test laboratory”.

3. SNLO program, http://www.as-photonics.com/snlo.

4. Olivier Morice, “Mir6 - Complete modelling and software
for pulse amplification and propagation in high-power laser
systems,” Optical Engineering 42(6), 1 June 2003



