
International Conference on Mathematics and Computational Methods Applied to Nuclear Science and Engineering (M&C 2011)
Rio de Janeiro, RJ, Brazil, May 8-12, 2011, on CD-ROM, Latin American Section (LAS) / American Nuclear Society (ANS)
ISBN 978-85-63688-00-2

RADIATION TRANSPORT CODE WITH ADAPTIVE MESH

REFINEMENT: ACCELERATION TECHNIQUES AND APPLICATIONS
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ABSTRACT

We present a study of acceleration techniques for solving Sn radiation transport equations
with Adaptive Mesh Refinement (AMR). Both DSA and TSA are considered, taking into
account the influence of the interation between different levels of the mesh structure and the
order of approximation in angle. A Hybrid method is proposed in order to obtain better
convergence rate and lower computer times. Some examples are presented relevant to ICF
and X ray secondary sources.
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1. RADIATION TRANSPORT

We use the 2D fluid dynamic code ARWEN [1] that solves the radiation energy flow as a part
of a high energy density plasma solver with Adaptive Mesh Refinement(AMR). AMR [2] is a
numerical technique consisting in refining locally where higher accuracy is required, using both
error estimates and the gradient of significant variables as density and temperature to detect
when to refine the mesh. This leads to a numerical scheme that follows many details of the flow
with a much lower computational cost than a uniform mesh. Instead of having a uniform mesh,
presents a set of AMR meshes structured in a hierarchical tree as shown in figure 1, involving
different levels of spatial refinement that have to be solved sequentially. The relation between
the side of the cells of two consecutive levels is known as refinement ratio. Further details about
the resolution of different levels and the transmission of data between meshes can be found in [3].

1.1 Comparison of acceleration methods in an AMR problem

In high energy density plasma problems, radiation has to be solved coupled with matter. Then
it is necessary to solve the following system of equations
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Figure 1: 2D AMR hierarchical tree with 2 levels of refinement.

where Ig is the radiation intensity in the group, σt,g is the total cross section in the group and
Bg is the Planck function integrated over the group, asuming local thermodynamic equilibrium
conditions (LTE).

ARWEN solves these equations as a part of an specific radiation module that calculates the
influence of radiation in the evolution of the plasma [4]. To do this, the Boltzmann equation is
solved using the discrete ordinates method which has been implemented by employing a kernel
extracted from PARTISN code [6], which has been adequately modified to be used within an
AMR hydro code.

In resolution of radiation transport equation, it is important to note that radiation and matter
are coupled, and consequently both eqs. 1 and 2 have to be solved simoultaneously. The
resolution process can be carried out by an iterative process in radiative energy intensity. It
has been shown that this method can have very slow convergence in cases where matter and
temperature are strongly coupled [7].

A wide range of methods have been used in order to avoid this poor behaviour [7]. In AR-
WEN two acceleration methods [8] have been employed and compared: Diffusion Synthetic
Acceleration (DSA) [5] and Transport Synthetic Acceleration (TSA) [9].

Both methods have been used to solve a 2D problem with cartesian geometry consisting in a
laser created iron plasma similar as these presented in [10]. It consists in a 1 ns. gaussian laser
pulse (λ = 800nm, I=1.25 × 1011 W/cm2 and FWHM=500 µm) over a 100µm iron slab. For
the simulation, we will use a 100x100 coarse mesh with two refinement levels with a refinement
ratio of 2 in a 1.2x0.4 mm domain. The time step employed has been ∆t = 10 ps. The solver
used to solve the linear system in DSA is a conjugate gradient.

The temperature and density maps obtained after 1.2 ns for a two AMR levels simulation can be
observed in fig. 3. Execution times for both methods have been compared in the results shown
in 2, where the relative acceleration of TSA vs. DSA, i.e. the ratio between execution times
using TSA and DSA, has been represented for different Sn orders and refinement levels. Two
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Figure 2: Relative acceleration TSA vs. DSA for S6 (triangles), S10 (squares) and S14 (diamonds)
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Figure 3: Density and Temperature for iron plasma after 1.2 ns.

conclusions can be reached in the light of these results

• TSA has a better performance for cases with low Sn orders while DSA has smaller execution
times in larger Sn order cases. This is related to the fact that the lower Sn order of the
equation is, the more similar to TSA low-order equation (which is, in this case, a S2).

• Adding new refinement levels improves the performance of TSA in comparison with DSA.
A reason for this behaviour is due to the better execution times of TSA when is applied
to the resolution of more refined boxes.

With these conclusions, we have tried to use the strengths of each method in the simulation. To
do this, DSA has been used just to solve the coarse mesh of level 0 while TSA is employed for
the rest of the fine meshes (level 1 and 2). We have simulated the iron plasma case for different
Sn orders with two AMR levels. The resulting execution times for 1ns. (100 timesteps) for this
hybrid method in comparison with those obtained just using TSA and DSA are shown in table I.
From the results it can be inferred that using both methods is a very effective solution. The
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Table I: Execution times (sec) for DSA, TSA and hybrid methods.
DSA TSA Hybrid

S14 1985 1976 1415

S10 1372 1230 951

S6 915 795 590

(a) With radiation (b) Withour radiation

Figure 4: Electron Density after 2 ns.

reason for that is that using DSA in coarse meshes and TSA in fine ones exploits the advantages
of each method.

2. INFLUENCE OF RADIATION IN A LASER CREATED PLASMA IN A
CONE

In order to check the importance of the inclusion of radiation transport in a high energy density
plasma simulation, ARWEN has been also used to simulate a 2D problem, with cylindrical
simmetry consisting in a Sn cone, that expands for the action of a 10 ns laser square pulse
(λ = 1.06µm), gaussian in space (FWHM=50 µm) and an intensity of 1.2 x 1011W/cm2. The
cone has a tip of 40µm and forms an angle of 30 degrees. This laser is an approximation of a
prepulse in a laser, as it is presented in [11].

To simulate this, it has been used a 80 microns x 320 microns domain has been used with a
uniform mesh of 80x160, using AMR with one level of refinement with ratio of 2 (without AMR
in the case with radiation). In order to evaluate the influence of radiation transport, it has
been switched off in some simulations, checking the differences with the same simulations using
radiation transport. The results can be observed in figures 4 and 5, where the electron density
and temperature have been represented for both simulations (with and without radiation) after
2 ns.

In the results shown in these figures it can be observed the effect of radiation in the evolution of
the cone. While in fig. 4(b) the plasma created has a lower density while in 4(a) the density is
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(a) With radiation (b) Without Radiation

Figure 5: Electron temperature after 2 ns.

higher and a jet can be observed near the central axis. From a physical point of view, this fact
can have an important role the deposition of energy of a laser, since the point where the critical
density is reached has a displacement from the tip of the cone, and consequently, if there were a
second laser after the pulse employed in this simulated, the deposition of energy would not take
place in the surface of the cone.

Observing the temperatures in simulations with and without radiation in figs. 5(b) and 5(a), it
can be observed the important difference in temperature in both plasmas. The reason for this
fact is the cooling caused by the emission of radiation of the laser created plasma. Therefore,
these simulations are examples of a physical problem where the inclusion of radiation in the
hydro code is necessary in order to have a realistic results.

3. CONCLUSIONS

The AMR structure requires different techniques for acceleration of Sn radiation transport equa-
tions according to the refinement level and order of angular approximation. Because more than
90% of the computer time is used in the transport calculation step, it is worth to perform any
improvement in convergence rate and computer time in the transport package. We have shown
that a hybrid DSA/TSA strategy could improve by 25% the execution times, while keeping the
algorithm robust enough to simulate ICF or X ray laser plasmas amplifier simulations.
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