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Introduction: Diffusion-weighted MRI has became an important seuof information about the
dynamics in and the structure of natural or aitificmaterials (e.g., rocks, cements, human ordahs)
spite of intensive research, the relation betwaenmnticrostructure and the signal formed by diffgsin
nuclei remains poorly understood, mainly due t lat efficient algorithms and models for multi-
scale porous mediaTo overcome this limitation, we developed a fastdom walk (FRW) algorithfn
with gradient encoding which exploits the multideceharacter of the medium. In this talk, we présen
an application of this algorithm to a Menger spofigg. 1) which is formed by multiple channels of
broadly distributed sizes and often used as a miodedoils and material$. Using this model, we
investigate the role of multiple scales onto diifusweighted signals. e

Theory: The basic idea of a FRW algorithm consists in r@pi

Brownian motion by an equivalent scale-adapted éaphl process”
that explores the confining domain as fast as ptesiThe self-
similar structure of a Menger sponge allows oneajudly compute
the jump distances for each move. The algorithnegeas successive *
positions of a diffusing nucleus and its randomhdejingg under the
applied magnetic field gradieBir,t). The signal is an average over a

large number of nuclet = E,E(exp (i¢)). Fig. 1: Level 4 of a Menger sponge: nuclei diffuse
Results and Discussion “void” regions and bounce off the “solid” interface
The free induction decay (FID) at a constant gratdieis computed for levels 1-4 of a Menger sponge
for different times t. Figure 2(left) shows the aloge value of FID for levels 1-4 at a fixed tinwlo0.
The presence of multiple channels at length sdates 1/3 to (1/3}=0.012 is reflected in different
patterns of these curves. For comparison, the Fdb1 the unit cube is shown by circles, with almost
regular diffraction patterns. Figure 2(right) shathie absolute value of FID at times t from 0.1 00 1
for a fixed level 3. At short times (t=0.01 and )).the diffusion length (2Dt is smaller than the
width of the smallest channel (173).037, and the curves are close to each otheurtn for t=1, the
diffusion length becomes comparable to 0.037 sb sbhene nuclei start to “feel” the confinement,
yielding an increase of the third maximum. At tinsd 00, the diffusion length is comparable to the
size of the structure, and the whole pattern is ifieatl In conclusion, we present an efficient
numerical algorithm for simulating diffusion-weigitt experiments in three-dimensional porous
media, with a broad distribution of length scaleis algorithm allows one to investigate the role o
multi-scale character of the medium onto the sigoahation.
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Fig. 2: Absolute value of FID as a function of ggt/(2m) for levels 1-4 of Menger sponge at time t=10tJJedind for level
3 at different times t (right). Units are fixed bgtting the size of Menger sponge to 1 and diffusioefficient D to 0.001.
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