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Abstract We found spontaneous rise and fall of vortex line density in superfluid
helium 4 through linewidth measurement of immersed quartz tuning fork. We also
observed temperature dependent decaying time constant of vortex line density after a
generation of intense vortex tangle. © 2019 Department of Physics, Kyoto University
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Abstract Inelastic x-ray scattering measurements for solid and liquid lithium were conducted in the range
of momentum transfer 0.3<q<3.5A and energy transfer 0<hw<350eV. The electron density fluctuations
were determined from IXS spectra. They indicate the existence of the screening effects such as the Friedel
oscillations in both solid and liquid.

© 2019 Department of Physics, Kyoto University
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Numerical simulation of dense suspensions with lattice Boltzmann method

Physics of Matter: Statistical Dynamics Pradipto

Abstract Dense suspensions are simulated under simple and oscillatory shears. We have successfully
reproduced the discontinuous shear thickening under simple shear and the shear jammed state under
oscillatory shear. We have confirmed that the stress anisotropy and angular distributions of the contact
forces play important roles.

© 2019 Department of Physics, Kyoto University

One of the interesting phenomena observed in suspensions is the discontinuous shear thickening (DST), which is
the jump of viscosity at a critical shear rate y above a critical solid volume fraction[1]. Dense suspensions can
have the finite rigidity under isotropic and infinitesimal compression above the (isotropic) jamming point.
However, it is known that the density to appear the rigidity can become lower than the isotropic jamming density
under a shear (shear jamming). Furthermore, there is another exotic state known as the fragile state where the
jammed state is unstable and is highly anisotropic state[2]. Note that these exotic states can be likely observed if
the friction between particles exists.

It is believed that the DST under a simple shear is a transition from a lubricated state to a state with frictional
contacts among particles. Although the definitions of the shear-jammed and the fragile states become clear for dry
granular materials under oscillatory shears, the applicability of their definitions for suspensions is still an open
question.

In this study we have performed the Molecular dynamics (MD) simulations with the hydrodynamic, contact, and
electrostatic repulsive forces among particles. We adopt the lattice Boltzmann method (LBM) with the lubrication
correction for small inter-particle gaps for the hydrodynamic interactions. We apply the oscillatory shear by
controlling the shear strain as y(¢) = yy[cos ® — cos(wt + ©)], and have adopted the protocol in which we
reduce the strain amplitude for the observation of the storage modulus G’ and the loss modulus G” after we add
cyclic shears with large strain amplitude [3]. We evaluate the stress anisotropy as the difference between the
maximum and the minimum eigenvalues of the stress tensor and the angular distributions of the normal and
tangential contact forces, {y and { respectively to characterize the rheology of the suspensions.

We define the fragile state as the state where both the solid-like and fluid-like responses can be observed at the
same volume fraction ¢ and initial strain amplitude yé depending on the initial phase ® for the strain. We find
that the stress anisotropy also has a peak in this state (Fig. 1). The phenomenology based on { and {; can also
reproduce the shear modulus in the shear jammed state. The viscosity above the critical shear rate ¥ for DST under
simple shear also shows an agreement with the prediction of this phenomenology (Fig. 2) [4].
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Fig. 1. Plots of the storage modulus against initial strain

amplitude with various initial phase in the oscillatory

shear. The line represents the stress anisotropy. The Fig. 2. Plots of viscosities against the shear rate for various volume

shaded region indicates the fragile state. . . .
fractions. Dashed lines are obtained from the phenomenology.
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Abstract Recently, an observation of half-integer thermal Hall conductance plateau under titled magnetic
field has been reported in a-RuCls, which provides a direct signature of chiral Majorana edge current.
Here we show that the thermal Hall plateau appears even in the absence of out-of-plane magnetic field.
Moreover, a field-angular variation of the quantized thermal Hall conductance has the same sign structure
of the topological Chern number, which is either £1. These results demonstrate that the Kitaev interaction
is responsible for the quantized thermal Hall effect.
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