_ 2023 Inte
DMR-1951921 Unexpected dynamics of avalanches challenges continuum
—

Lisa M. Manning, Syracuse University

. We lack a contir.1uum model that can predic't failure in dynamics of a single avalanche
disordered materials (glasses, granular materials, dense ] >
colloids, foams) v

« The best existing candidate continuum model is an *

“elasto-plastic model”, which suggests that when particles

in a glass rearrange, they release a quadrupolar stress
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field with four lobes (top left panel). -,<\f,z | A
* We compared the full spatio-temporal dynamics of ~ \ 2
X

avalanches in both molecular dynamic’s simulations of
glasses and in elastoplastic models. In both cases,
avalanches could be decomposed into localized bursts of
deformation in both space (x,y) and time (t). (top right (a)
panel)

« We discovered two length scales in these avalanches, a
longer, "marginal” scale (purple) and a smaller “excited” w
scale (orange). (bottom panels)

* The marginal length scales behaved the same in both, but
the excited length scale in particle simulations scales 10! E
surprisingly different in time! 10 100 1000 10°

* This indicates elastoplastic models are missing necessary At
physics and suggests ways to fix them in the future.

molecular dynamics simulations elasto-plastic continuum
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David Richard, Ahmed Elgailani, Damien Vandembroucq, M. Lisa Manning, Craig E Maloney.
(2023). “Mechanical excitation and marginal triggering during avalanches in sheared
amorphous solids”, Phys. Rev. E 107, 034902, https://doi.org/10.1103/PhysRevE.107.034902
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Presenter Notes
Presentation Notes
We studied plastic strain during individual avalanches in overdamped particle-scale molecular dynamics (MD) and mesoscale elastoplastic models (EPM) for amorphous solids sheared in the athermal quasistatic limit. We showed that the spatial correlations in plastic activity exhibit a short length scale that grows as t^(3/4) in MD and ballistically in EPM, which is generated by mechanical excitation of nearby sites not necessarily close to their stability thresholds, and a longer lengthscale that grows diffusively for both models and is associated with remote marginally stable sites. These similarities in spatial correlations explain why simple EPMs accurately capture the size distribution of avalanches observed in MD, though the temporal profiles and dynamical critical exponents are quite different. 

It also suggests that EPMs are missing important terms that couple different sites (e.g. localized bursts of deformation) to one another. One candidate for the missing terms are so-called “structural elasto-plastic models” developed by Andrea’s Liu’s group, which include a different structural coupling between sites derived from machine learning based softness.  We are now collaborating to see if the additional coupling between sites through structure (rather than stress) could alter the scaling exponent to be closer to the one observed in molecular dynamics.

https://doi.org/10.1103/PhysRevE.107.034902
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Broadening Participation: Recruiting and retaining Lisa M. Manning, Syracuse University
diverse students in the materials science pipeline via
targeted research training opportunities increasing density >
In the past year, the Manning group has focused on % “‘,é’i:j{;:;;'
creating research experiences for three s ‘
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undergraduate students, all under-represented (UR) in i
STEM. Erin and Melanie identify as women, and

Melanie and Luca are Latinx.
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Melanie Salas and Lucas Sarabia participated in an
undergraduate research program created at Syracuse
University’s Biolnspired Institute for UR groups, and
then they rotated in my lab for several weeks in
Summer/Fall 2022 to learn about computational
modeling of materials.

Erin McCarthy has been an undergraduate researcher Erin McCarthy Lucas Sarabia
in my lab for 4 years and graduated with a degree in
physics this past spring. She is sole first author of a
manuscript that identifies a novel reentrant transition
(from unmixed to mixed and back again as a function
of density, top row in image) in dense active mixtures,

which is currently out for review at Phys. Rev. Letters

Erin McCarthy, Ojan Damavandi, Raj Kumar Manna, M. Lisa Manning, Demixing in binary
mixtures with differential diffusivity at high density, https://doi.org/10.48550/arXiv.2307.03303
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Presenter Notes
Presentation Notes
The top series of panels is a series of images from simulations of a mixture of two soft particle types with different diffusivities. On the left side, at lowest densities, the two species remain mixes. At intermediate densities, they become unmixed with the lower diffusivity phase condensing, while at the highest densities they become mixed again. The right-most image is from a confluent Voronoi-based model where cells take up all available space, and it is also unmixed.  This illustrates a re-entrant behavior as a function of density, which is surprising and has not been previously reported in the active matter literature. It suggests that differential diffusivity alone cannot demix materials (including high-density aggregates of cells) at high density.

https://bioinspired.syr.edu/education/career-pre-college-program-2/
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