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More Bandwidth is Different: Quantitative Insight into the Mott Insulator-Metal 
Transition
How will future technology produce materials with the complexity, hierarchy, and function of biological materials? Recent 
advances in DNA nanotechnology, protein engineering, and polymer chemistry now allow for the design of nanoscale 
systems with highly nontrivial interactions, but we do not understand the physical principles that determine what larger 
scale structures these building blocks can form. Focusing on a class of de novo proteins, I will present two directions that 
we are pursuing to understand the autonomous assembly of microscopic building blocks into functional structures. First, we 
consider the case of small collections of proteins in equilibrium, where we can take a quasi-analytical statistical mechanics 
approach. Second, we consider bulk disordered collections out of equilibrium, where we can use machine learning to study 
the connection between the initial protein structures and the resulting bulk material properties. Both these directions are in 
their very early stages, and so my talk will be more of an informal discussion of these approaches rather than a fully 
flushed-out research talk.

Acoustic plasma trapping and plasma thermoacoustics
An oven’s worth of microwave power impinging a ping-pong ball sized bulb containing 30 mg of sulfur produces a 3000 K 
plasma and a tremendous amount of light. By modulating that microwave power at a frequency near the acoustic 
resonance of the cavity (~30 kHz) we can also generate a tremendous amount of sound inside the cavity (180 dB re 20 
μPa). In this talk I will show evidence of such an intense sound field trapping plasma in the center of a bulb and explain how
this occurs via a generalization of the acoustic radiation force we have called the pycnoclinic force. I will also discuss how 
pycnoclinic force driven convection within the bulb can rapidly change the temperature of the gas and therefore detune the 
acoustic resonance frequency - limiting the duration of trapping. We have recently theorized a potential method to sustain a 
high acoustic amplitude based on ideas from the field of thermoacoustics where the presence of acoustic gain causes 
spontaneous oscillation insensitive to a changing resonance frequency. If acoustic oscillations in the plasma cause variable 
microwave absorption in phase with the acoustic oscillation, gain can be achieved. Such a system may enable a laboratory 
model of thermal convection in a central force.
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