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We study tunneling across a strain-induced superlattice in graphene. In studying the effect of applied strain on the
low-lying Dirac-like spectrum, both a shift of the Dirac points in reciprocal space, and a deformation of the Dirac
cones is explicitly considered. The latter corresponds to an anisotropic, possibly nonuniform, Fermi velocity. Along
with the modes with unit transmission usually found across a single barrier, we analytically find additional resonant
modes when considering a periodic structure of several strain-induced barriers. We also study the bandlike spectrum
of bound states, as a function of conserved energy and transverse momentum. Such a strain-induced superlattice may
thus effectively work as a mode filter for transport in graphene.
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We present a theoretical study of the bandstructure
and Landau levels in bilayer graphene at low energies in
the presence of a tranverse magnetic field and Rashba
spin-orbit interaction. Within an effective low energy
approach (L wdin o partitioning theory) we derive an
effective Hamiltonian for bilayer graphene that incorpo-
rates the influence of the Zeeman effect, the Rashba spin-
orbit interaction, and inclusively, the role of the intrin-
sic spin-orbit interaction at the same footing. Particular
attention is spent to the energy spectrum and Landau
levels. Our modeling unveils the strong influence of the
Rashba coupling R in the spin-splitting of the electron
and hole bands. We found that graphene bilayer with
weak Rashba spin-orbit interaction shows a spin-splitting
linear in momentum and proportional to R , but scales
inversely proportional to the interlayer hopping energy
1 . However at robust spin-orbit coupling R the energy
spectrum shows a strong warping behavior near the Dirac
points. We find the bias-induced gap in bilayer graphene
to be decreasing with increasing Rashba coupling, a be-
havior resembling a topological insulator transition. We
further predicted an unexpected assymetric spin-splitting
and crossings of the Landau levels due to the interplay be-
tween the Rashba interaction and the external bias volt-
age. Our results are of relevance for interpreting mag-
netotransport and infrared cyclotron resonance measure-
ments, including also situations of comparatively weak
spin-orbit coupling.
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Two-dimensional superconductors with time-reversal
symmetry have a Z2 topological invariant, that distin-
guishes phases with and without helical Majorana edge
states. We study the topological phase transition in a
class-DIII network model, and show that it is associated
with a metal-insulator transition for the thermal con-
ductance of the helical superconductor. The localization
length diverges at the transition with critical exponent
ν ≈ 2.0, about twice the known value in a chiral super-
conductor.
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We present a scheme for performing three-qubit par-
ity measurements in a microwave circuit with supercon-
ducting resonators coupled to Josephson-junction qubits.
The magnitude of the coupling is the same as achieved
in current experiments, but each qubit should be coupled
equally to two different microwave cavities. We write the
quantum-eraser conditions that must be fulfilled for the
parity measurements as requirements for the scatttering
phase shift of our microwave structure. We show that
these conditions are fulfilled for realistic values of de-
vice elements. A quantum calculation indicates that the
measurement is optimal if the scattering signal can be
measured with near single photon sensitivity. A compar-
ison with an extension of a related proposal from cavity
optics is presented. Extension of our scheme to four or
more qubits, and to 3D cavity structures, is discussed.
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When viewed as an elementary particle, the electron
has spin and charge. When binding to the atomic nu-
cleus, it also acquires an angular momentum quantum
number corresponding to the quantized atomic orbital it
occupies. Even if electrons in solids form bands and de-
localize from the nuclei, in Mott insulators they retain
their three fundamental quantum numbers: spin, charge
and orbital1. The hallmark of one-dimensional physics is
a break- ing up of the elementary electron into its sepa-
rate degrees of freedom2. The separation of the electron
into independent quasi- particles that carry either spin
(spinons) or charge (holons) was first observed fifteen
years ago3. Here we report observation of the separation
of the orbital degree of freedom (orbiton) using resonant
inelastic X-ray scattering on the one-dimensional Mott
insulator Sr2CuO3. We resolve an orbiton separating it-
self from spinons and propagating through the lattice as
a distinct quasi- particle with a substantial dispersion in
energy over momentum, of about 0.2 electronvolts, over
nearly one Brillouin zone.
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Composite spin liquid in a correlated topologi-

cal insulator: Spin liquid without spin-charge sep-
aration
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In this paper, we present an alternative type of insula-

tor, namely composite spin liquid, which can be regarded
as a short-range B-type topological spin-density wave as
proposed by J. He et al. [Phys. Rev. B 84, 035127
(2011)]. Composite spin liquid is a topological ordered
state beyond the classification of traditional spin liquid
states. The elementary excitations are the composite
electrons with both spin and charge degrees of freedom,
together with topological spin texture. This topological
state supports the chiral edge mode but no topological
degeneracy.
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We suggest a mechanism whereby the three genera-
tions of quarks and leptons correspond to surface modes
in a five-dimensional theory. These modes arise from a
nonlinear fermion dispersion relation in the extra dimen-
sion, much in the same manner as fermion surface modes
in a topological insulator or lattice implementation of do-
main wall fermions. We also show that the topological
properties can persist in a deconstructed version of the
model in four dimensions.
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We report the direct observation of interband spin-
orbit (SO) coupling in a two-dimensional (2D) surface
electron system, in addition to the anticipated Rashba
spin splitting. Using angle-resolved photoemission ex-
periments and first-principles calculations on Bi-Ag-Au
heterostructures, we show that the effect strongly modi-
fies the dispersion as well as the orbital and spin character
of the 2D electronic states, thus giving rise to consider-
able deviations from the Rashba model. The strength of
the interband SO coupling is tuned by the thickness of
the thin film structures.
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