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Analytical description of an experimentally verified scheme[l] leading to a phase-locked stimulated Brillouin 
scattering (SBS), used in a laser beam combination systems[2], is presented. The essential condition for the 
phase-locking effect for SBS is the fixation of the starting position and time of the acoustic Brillouin wave. It is 
shown that the starting position fixation of this acoustic wave may have its origin in a transient acoustic stand-
ing wave initiated by an arising optical interference field produced by the back-seeding concave mirror. This 
interference field leads to a stationary density modulation of the medium. However, the way to the formation 
of this density modulation leads via the acoustic standing wave. An appropriate solution, in the form of the 
standing wave, was obtained from solving the acoustic wave-equation using the electrostriction as a driving 
force. As a consequence of the damping term included in this equation the acoustic standing wave becomes 
gradually attenuated and, contrary to the undamped solution published earlier, thus constitutes a truly transient 
phenomenon. Using a mathematical formalism similar to that which is used for the SBS description in the case 
of a random phase, the coupled equations describing the phase-locked SBS were derived. Contrary to the case 
without the back-seeding mirror, where the wave chosen from the thermal noise background subsequently 
plays the role of a trigger of the stimulated process, in this case it is replaced by the transient standing wave 
produced as a consequence of the presence of an optical interference field arisen in the focal region of the back-
seeding concave mirror. 
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Gemini is a Petawatt class Ti:Sapphire laser system at the Rutherford Appleton Laboratory, UK. It was designed 
as a dual beam laser, with two independently configurable 800 nm beams delivering 15 J to target in 30 fs pulse 
duration, giving 0.5 PW peak power per beam. It is capable of reaching intensities over 1022 W/cm2. 
Gemini can achieve a maximum repetition rate of one shot every 20 seconds, allowing it to deliver hundreds 
of shots per day; a feature which makes it unique among PW lasers. Already this has proved valuable in 
experiments involving electron acceleration in gas jets. 
The first Gemini beamline became operational in 2008. Commissioning of the second beam was deferred to 
allow earlier access to the facility by experimental scientists, and to develop operational experience. In this 
mode, Gemini has already produced significant results from a number of advanced plasma physics experiments. 
The second beam of Gemini is now coming online, with the first dual beam experiment starting in June 2010. 
The flexibility offered by two short pulse, ultra high intensity beams is another aspect that makes this laser 
system unique. The dual beams enable versatile configurations and illumination geometries, facilitating a wider 
range of experiments than is possible with only a single beam. Operationally however, it introduces additional 
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factors which must be monitored and controlled in order to achieve experimental success. The beams must 
be timed with respect to each other with accuracy less than the pulse duration. The beam foci must also be 
overlapped spatially, and the stability of both these factors maintained over extended periods. 
We report on the second beam commissioning process, including the latest results on the characteristics, 
stability and spatio-temporal overlap of the two beams. We present details of amplifier performance, along 
with measurements of beam quality, focal spot, pulse duration and contrast, to give a detailed picture of Astra 
Gemini in its full operating mode. 
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We present the simulations of absorption of femtosecond laser pulses in copper using modified ID Lagrangian 
ERA hydrocode [1] enabling to model short-laser-pulse absorption, heat conduction, and plasma dynamics. 
Numerical modeling involved thermodynamic functions calculated by using first-principles Full-Potential Lin-
earized Maffin-Tin Orbitals method (FP-LMTO) [2] and chemical model of dense plasma utilizing supercon-
figuration approach [3]. 
The results of simulations are compared to experimental and other theoretical data. 
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The present work is focused on analytical and numerical investigation of the phenomenon of excitation of low-
frequency residual currents in plasmas produced by few-cycle laser pulses. At present, this phenomenon is of 
great interest due to the possibility of using it to convert efficiently laser pulses into low-frequency radiation, 
in particular, into radiation of the terahertz frequency band [1-4]. The residual current density (RCD) is the 
initial push leading to the polarization of the laser-produced plasma and excitation of emitting oscillations in 
this plasma. In the general case, the frequencies of these oscillations are determined by the pressure of the ion-
ized gas and the density of the generated plasma. For a wide range of gas pressure and laser pulse parameters, 
the frequencies of the waves emitted by the plasma lie in the terahertz band [2, 5]. 
We find the efficiency of RCD excitation as a function of the carrier-envelope phase (CEP), duration, and 
intensity of few-cycle laser pulses. Our numerical calculations are based on the developed semiclassical ap-
proach and ab initio quantum-mechanical approach, which is based on solving the three-dimensional time-
dependent Schrodinger equation. We focus mainly on relatively low values of the laser-pulse intensity 
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