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Disagreement with Boltzman kinetic theor
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Disagreement with Boltzman kinetic theor

l 1l uB =
) = — S
f oo \—uB 1 =
1 <
Prx =— — Q?

gy

uB B
/)J.y — —

00 en




Historical perspectives
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Historical perspectives
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Linear Magnetoresistance in a Quasifree Two-Dimensional Electron Gas
in an Ultrahigh Mobility GaAs Quantum Well
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We report a high-field magnetotransport study of an ultrahigh mobility (ji ~ 25 x 106 cm? V-1s71)
n-type GaAs quantum well. We observe a strikingly large linear magnetoresistance (LMR) up to 33 T with
a magnitude of order 10°% onto which quantum oscillations become superimposed in the quantum Hall
regime at low temperature. LMR is very often invoked as evidence for exotic quasiparticles in new
materials such as the topological semimetals, though its origin remains controversial. The observation of
such a LMR in the “simplest system”—with a free electronlike band structure and a nearly defect-free
environment—excludes most of the possible exotic explanations for the appearance of a LMR and rather
points to density fluctuations as the primary origin of the phenomenon. Both, the featureless LMR at high T
and the quantum oscillations at low 7" follow the empirical resistance rule which states that the longitudinal
conductance is directly related to the derivative of the transversal (Hall) conductance multiplied by the
magnetic field and a constant factor a that remains unchanged over the entire temperature range. Only at
low temperatures, small deviations from this resistance rule are observed beyond v = 1 that likely originate
from a different transport mechanism for the composite fermions.



Historical perspectives

e M.M.Parish, P.B.Littlewood, Nature 426 (2003) 162, Non-saturating
magnetoresistance in heavily disordered semiconductors
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Historical perspectives
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Our theoretical model




Numerical implementation

* Finite element method

* Simple rectangular geometry

e Edges of the sample are labeled E1, E2, E3 and E4
e Boundary conditions applied to the edges E1..E4
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Triangulation

Y coordinate (mm)

8 L

1 1]
SO Y

PO
= T
]

(= -

A 4

-5 0
X coordinate (mm)

FANT ARV AW AN AW ANV AN AW AN A

8.8 9 9.2 9.4 9.6
X coordinate (mm)

9.8

10

A

dHmin = 0.04
-0.2 mm



Results in an ideal
conductor

(no disorder)



Equipotential lines at B =0
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Current density (Nmz)

Electric field and equipotential lines
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y coordinate
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Equipotential lines at ;B =0.3
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y coordinate

3Electric field and equipotential lines

Current density (Afmz)
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y coordinate

Equipotential lines at zB =0
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Quadratic-to-linear magnetoresistance crossover
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How to describe disorder?
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How to describe disorder? - Energy fluctuations

Counts

0-
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Surface potential [mV]

A. E. Curtin et al., Appl. Phys. Lett.
98 (2011) 243111.

Synthesis (treatment) Disorder strength (meV) Probing method

Epitaxial on SiC (CD1) 127 £ 0.6 Magnetotransport
Epitaxial on SiC (CD2) 102+ 04 Magnetotransport
Epitaxial on SiC (UV1) 31.3+£2.0 Magnetotransport
Epitaxial on SiC (AO) 1I5+1 Magnetotransport
Epitaxial on SiC 12 KPM [5]
Exfoliated on SiO,/Si 50 SET [6]
Exfoliated on SiO,/Si ~20 STM [7]
Exfoliated on h-BN 54 STM [8]
CVDon Ir(111) ~30 STM/STS [9]
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Carrier density fluctuations in graphene
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Number of positions with given relative value

y coordinate

Distribution functions describing disorder
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y coordinate

Equipotential lines at B =0
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y coordinate

Equipotential lines at zB =0
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Mobility and conductivity fluctuations
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4 point measurements
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Conclusions:

e Quadratic to linear magnetoresistance crossover is caused solely by finite
Size geometry in a 2-point measurements

* The crossover occurs at about uB =1

e Fluctuations of conductivity and mobility play a role in the
magnetoresistance (both quadratic and linear), however; the role is minor in
a two-point measurements.

e The role of disorder is crucial in a four-point measurements

e Asymmetry of the MR in 4-point measurements is also due to the non-axial
location of voltage-sensing leads.

 Temperature dependence of MR is given by the temperature dependence of
zero-field conductivity and mobility



Transmission (rel. units)

Magneto-
plasmons in
graphene
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Transmission (rel. units)
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Comparison with theory

S. J. Allen, H. L. Stormer, and J.C.M.Hwang, Phys. Rev. B 28 (1983) 4875.
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Conclusions:

* We have observed plasmon resonance at zero magnetic field in quasi
free-standing monolayer graphene on SiC

e The splitting of the plasmon resonance at high magnetic field
corresponds to the lower and upper branch of magneto-plasmon

 Magneto-plason branches are qualitatively well-described by
analytical theory.



Effect of external leads
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Historical perspectives

e Lietal. RSC Adv. 7 (2017) 26434, Linear magnetoresistance in gold foams

e Narayanan et al. Phys. Rev. Lett. 114 (2015) 117201, Linear Magnetoresistance caused by
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e Song et al. Phys. Rev. B 92 (2015) 180204(R), Linear magnetoresistance in metals: Guiding
center diffusion in a smooth random potential.



Equipotential lines at xB =100
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Highly disordered conductor

Equipotential lines at uB =100
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Numerical precision
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Measured current distribution in graphene
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J.-P. Tetienne et al., Sci. Adv. 3 (2017) e1602429.



