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Abstract: We are developing a fiber laser system for short pulse (1-10ps), high energy (~1kJ) glass laser
systems. Fiber lasers are ideal for these systems as they are highly reliable and enable long term stable
operation.

Nd: Glass lasers such as Lawrence Livermore National Laboratory’s National Ignition Facility (NIF), the
University of Rochester’s Omega EP Laser and France’s MegaJoule laser are capable of producing laser
beams with multiple kilojoules of laser energy in a pulse from a single beam line [1]. Typically these lasers
are run in a “long-pulse” mode with pulses on the order of 1-10ns creating peak powers on the order of
10'*W. However, it is also possible to run these lasers in a chirped pulse amplification (CPA) mode [2] and
generate high energy (~500J) short pulses (~500fs) and create peak powers on the order of 10'°W. Peak
powers of this magnitude permit the investigation of new physics phenomena in the relativistic optics realm
enabling the laser-based production of x-rays for diagnostics and possibly new capabilities for inertial
confinement fusion experiments such as fast ignition [3].

High energy Nd: Glass lasers are substantially different from typical table top ultra-short pulse lasers. The
standard requirements one would consider such as spectral bandwidth, pulse temporal width, energy and
repetition rate have relatively simple to meet specifications. The main laser has only 2.2nm of bandwidth at
1053nm, thus a seed system with Snm of bandwidth is more than sufficient. The recompressed temporal
pulse width of the system is thus 750fs. However, it is often desirable to be able to adjust the pulse width to
longer lengths. This is because the typical laser of this sort is damage limited by the final optics and longer
pulse widths allow the extraction of greater pulse energy. Since the optics at the output end of the laser are
typically meter scale optics it is more convenient to adjust the pulse width in the front end laser system. For
any seed laser higher energy is better, but for the case we have considered, 100n7 is sufficient seed pulse
energy. High energy Nd: Glass lasers typically fire a shot at most once every 4 hours, so repetition rate of
the seed laser can be chosen to be virtually any convenient number.

While the standard requirements are not very severe, other requirements, often not normally considered
turn out to be quite difficult to achieve. These include having an extremely robust and reliable system. A
single shot on a high energy system can have an operating cost of $10,000-$100,000. Thus it is critical the
system run reliably 24/7 with little to no user adjustments. These systems can have kilo-Joule energies at
the output. Pre-pulses of 10 in energy can still destroy the intended target prior to the arrival of the main
pulse. Thus there is an ASE power specification of 10 relative to the peak pulse power of the system.
This is a very high signal to noise ratio and a difficult requirement to achieve.

In order to achieve the reliability requirements we chose to construct a fiber laser front end system with a
chirped fiber Bragg grating (CFBG) as the stretcher. A mini-compressor or tweaker is employed in the
system to compensate for potential errors in the alignment of the main compressor and to permit adjustment
of the pulse width on a shot to shot basis. The high pre-pulse contrast requirement leads to needing clean
stretched seed pulses with energy in the several nJ range at the input to the amplifier chain. In order to
achieve this given relatively high CFBG losses, we pre-amplify the compressed pulse and then clean the
pulse prior to stretching. The full system block diagram is shown in figure 1 below. A fiber laser mode-
locked oscillator [4] is phase locked to an external clock, pulses are selected by a fast AOM and then they
propagate through a 40m PM fiber reaching 40ps in pulse width. They are then amplified to 200nJ,
recompressed to their transform limit, cleaned in a pulse cleaner to 10™ pulse contrast and then stretched to
2.5ns in the CFBG. The output pulses from the CFBG are about 1nJ. They are then amplified to a few nJ,
split into two beam lines and coupled to a 120m long PM fiber for transport to main laser bay. 1nJ
propagates through the transport fiber. A two stage fiber amplifier system boosts the energy from 1nJ to
100 and the light is then launched into the Nd: Glass laser amplifier system.
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Figure 1: block diagram of fiber laser system.

A key challenge in getting good pulses from this system is the achievable quality of the CFBG and self
phase modulation of the chirped pulse. The results of high resolution FROG analysis [5] of the
recompressed output of just this system (less the transport fiber, tweaker and pulse cleaner) is shown in
figure 2 below. The pulse energy was 43, the calculated B integral was 3 and the FROG error was
0.00335, which was approximately 1.4X the achievable error given the size of the matrix employed.
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Figure 2 left hand side: FROG trace at output of the fiber laser front end system, right hand side: retrieved
pulse.

2

Intensity

Frequency [THz |

Some pedestal is observable in the retrieved pulse, but it is not so bad as to prohibit using the pulse in an
Nd: Glass laser system. It is expected the Nd: Glass laser system will gain narrow the pulse and thus
remove some of the imperfections slightly improving the pulse quality. This system remains under
development, but should be operating in its full form at full energy shortly. The full system will be able to
produce 100nJ pulse with B<6 and an ASE contrast ratio of 10°®.
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