Dirac electrons

So we learned that electrons are described by a 2d

Dirac equation
vq, Y'Y = ey v =10% m/s = ¢/300

Can we see this in experiments? YES

* ARPES
« STM

) Will probably not talk
about conductivity as it
is a bit more subtle and

* “Klein tunneling” we dort have o wuch
* Landau levels



ARPES

Bostwick et al, 2006
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solid line is a plot of the energy
we calculated in class!



STM

An STM measures the “local” density of states
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STM

DOS of graphene
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Klein “tunneling”

Dirac electrons can pass through a barrier without
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any reﬂ eCtI on It is not really tunneling as

what happens is they turn
from electrons into holes

x Just solve Dirac equation for a potential barrier

* In each region solution is a free plane wave
* Match wavefunction at both interfaces x=0,D



Dirac equation
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Scattering problem

Take for simplicity “normal incidence” ky,=0
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Scattering problem

Matching 1+r=a-+b aei4eD | po—itaD _ 4piksD

l—r=—a+b —ae'®l {pe =D — ikl
Solve a=r tetkaD _ po—iqaD _ ,—iqzD
b=1 — e_i(kx+Qm)D
a=7T = O

NO reflection. Perfect
transmission.

You can find general
solution away from
Norwal incidence in the
Castro Neto review article



Landau levels

Landau levels are a general phenomena
for electrons in magnetic fields

dk
hE = —evy(k) x B

Which |mp||es k- B = const
en (k) = const

So electrons just circle in constant energy
contours in k space T

for ordinary
“Schrodinger” and Dirac
electrons

electron interferes with itself
and orbit becomes quantized



