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Bad metal behavior  
from slow collective dynamics 
14h - 15h (amphi F23 - Grandmont) 
The scattering of charge carriers by slow degrees of freedom can drive electronic systems 
away from their normal transport behavior, causing anomalously large resistivities. At the 
basis of this phenomenon lies the idea that localization corrections, that are known to 
make the conductivity vanish in disordered systems, also partially survive when the random 
environment is dynamical. This quantum phenomenon is capable of reducing the carrier 
conductivity below the semiclassical value, provided that the scatterers (phonons or any 
other collective bosonic excitations) are sufficiently slow. 
The phenomenology described here, dubbed "transient localization", has been successful 
in explaining the anomalous transport behavior of organic semiconductors, where the role 
of a dynamical random environment is played by slow molecular vibrations. Because it can 
cause a large enhancement of the resistivity, transient localization could also be a natural 
candidate to explain bad metal behavior in correlated electron systems. In particular, it 
would naturally explain the emergence of Displaced Drude Peaks in the optical absorption 
spectra, as commonly observed in experiments in a variety of materials.  
In this talk I shall review recent and ongoing work aimed at applying the concept of 
transient localization to correlated systems and other bad/strange metals, and discuss 
likely sources of dynamical disorder that could be at the origin of the phenomenon. If time 
allows, I will describe how the viscous slowing down of collective charge fluctuations can 
lead to glassiness in interacting systems in the absence of disorder. 
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Figure 3: Kinetic evolution and emergence of glassiness. (a) Thermalized kinetic
energy as a function of MC time for a single walker initially prepared in the per-
fect horizontal stripe arrangement (gray) or in a maximally disordered configuration
(orange), for tp = 0.09V , ⌘ = �1 and T = 0.03V , lower than the classical charge
ordering temperature Tc = 0.038V . The gray dashed line is the long time average of
hKi. (b,c) Typical charge configurations in the two cases (radius of the orange disks
proportional to the local hole density, the background map is the collective electro-
static potential).

the creation and annihilation of defect pairs with energy of order tp. Their shape is shown in160

panel (b): Classically they correspond to moving a particle from a site on a charge rich stripe161

to a neighboring empty stripe. This creates an electrical dipole constituted of two oppositely162

charged defects (full and dashed circle; cf. [22], and [21] for the analogous defect pairs on the163

square lattice). Specific to the triangular lattice, this local fluctuation defines a region of three164

adjacent sites (full circle), all of them having three occupied neighbors and therefore an almost165

degenerate electrostatic potential �i =
P

j Vi jn j (up to next nearest neighbor corrections).166

Quantum-mechanically, a metallic droplet can be formed through hybridization of the electron167

wavefunction on these three sites, gaining an energy Ed/ tp.168

To mimic a rapid quench starting from high temperature, we also report in Fig. 3(a) the169

evolution of hKi starting from a random configuration (orange). After a sharp initial drop,170

the kinetic energy reaches a stationary regime exhibiting large fluctuations around an average171

value (dashed line) that is much lower than that of the ordered stripe configuration: Both172

features are indicative of the presence and dynamics of a large number of defects. The corre-173

sponding configuration map shown in panel (c) shows finite-size striped domains of random174

orientations coexisting with competing threefold order (respectively white and black dotted),175

in addition to several isolated defects (circle). It is important to note that quantum defects176

naturally arise at the crossings of stripes of three different orientations, which follows from177

the same neighbor counting argument presented above. The kinetic energy gain associated178

with threefold stripe crossings, and more generally with the nucleation and proliferation of179

extended quantum defects, is what makes the quantum stripe glass particularly stable in the180

maximally frustrated isotropic case: disordered configurations are favored as these enable an181

energy gain/ tp that is larger than the/ t2
p/V characteristic of ordered stripes.182

Fig. 4(a) show traces analogous to the ones shown in Fig. 3(a), but now in a system with a183

highly anisotropic electronic structure. As in the isotropic case, the evolution starting from the184

ordered state (gray) shows successive processes of creation and annihilation of defects. More185

interesting is the evolution after a quench (orange): the kinetic energy here steadily decreases186

and reaches the same baseline value of the ordered state, indicating an unforeseen tendency187

to ordering. This healing process is illustrated in panels (b,c). Because of the anisotropy of188
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