Dirac electrons

So we learned that electrons are described by a 2d
Dirac equation

vg! H o= A 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

¥OKlein tunnelingO  ieordihie sorme
¥Landau levels



ARPES

Bostwicket al 2006

solid line Is a plot of the energly
we calculated in class!



STM

An STM measures the OlocalO density of states

Current is proportional to the number of
states in the sample betweenr &d E + eV
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DOS of graphene
# of states with energy between O and E?
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Energy

Klein OtunnelingO

Dirac electrons can pass through a barrier without
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anyreBeCtlon Itis not really tunneling as

what happens is they turn
from electrons into holes
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Just solve Dirac equation for a potential barrier

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



Dirac equation
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Scattering problem

Take for simplicity Onormal incidencg&0k

ke, = E/v G = (V! E)/v

r b

Matchi
AT e = 0) = vrr(e = 0)

Yrr(x = D) = ¢Yrrr(x = D)



Scattering problem

Matching 1+r=a+ & 019D | pe—it=D _ 4pikaD
1 — r= —q+ b _aeiQxD + be_iQwD — te’i]{mD
teika _ be! 1q. D _ e! 1q. D

Solve a=r
b=1 t = e! I(Kx +0x)D

a=1r=20

NO reldection. Perfect
transmission.

You can bnd general
solution away from
Normal incidence in the
Castro Neto review article
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| andau levels

Landau levels are a general phenomena
for electrons in magnetic Pelds

.%: l ev, (k)" B
Which implies  k 4B = const
n (K) = const
So electrons just circle In constant energy
contours in k space This works differently

. ] _ g’é?rﬁ?g&?r%ero and Dirac
electron interferes with itself €™
and orbit becomesgjuantized



