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The science of superintense laser-plasma interactions relies heavily on high-perfomance computational
resources. The main tool for simulations in this field are fully electromagnetic multidimensional Particle-In-
Cell (PIC) codes. As these codes are resource-demanding, they are usually parallelized and adapted for use
on super-computers. Moreover, in such codes, because of its straightforward and effective parallelization, the
Finite Difference-Time Domain (FDTD) scheme is commonly applied in calculations of the electromagnetic
fields. The known drawback of the FDTD scheme is an artificial dispersion introducing by the numerical
grid [1]. There are a plenty of the workarounds developed to reduce the influence of this problem and some
of them are quite effective. On the other hand, Fourier-based electromagnetic codes have the property that
they imply exact fulfillment of the vacuum dispersion relation. Unfortunately, the fast Fourier transform
(FFT) cannot be effectively parallelized in a straightforward way, and this technique is therefore commonly
considered as non-parallelizable.

We will here present the Extreme Laser-Matter Interaction Simulator (ELMIS), a new fully parallel
multi-dimensional PIC code developed by our SimLight group [2]. The main feature of this code is that the
electromagnetic fields are calculated by the parallel Fourier method. The main idea behind the parallelization
of the fast Fourier transform is the parallel execution of calculations and data transfer between the nodes.
The parallel program is shown to be considerably faster in comparison to the serial analogue, both for two-
and three-dimensional cases

The main advantage of the ELMIS is an absence of the artificial dispersion. It is especially important
for long-term simulations. Such simulations are crucial in, for example, the investigation of laser-electron
acceleration in underdense plasmas. We have compared the ELMIS and a PIC code based on the simple
FDTD scheme for this particular example. It is shown that their execution times are almost the same when
the same parameters are used in the simulations. However, the results obtained by the codes can be both
quantitatively and qualitatively different.
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