Velocity and Berry curvature in the QHE

In the absence of other charges:

3,
V(r)=0=E=—— A(r,)

Hamiltonian:

C(pHeA)? R (k(t)?
H = 2m* — 2m*

Velocity: m*v(t)=p + eA(t) =hk(t)

Electromagnetic force

F=(—¢e)E+ (—¢)vxB Thus: V(k):%VkH(k)
Electric potential and Vector potential.
 B=V, x A(r)

m 0
E=-V,V(r) - - A(r,t)

ot



Tarefa 18: identity for the velocity

~ v(k)= %VkH(k)

H’na k(t» = E, [k(t)] ‘nv k(t)>

dk(t)
dt

N d :
Using: Zha‘n’ k(t)) = ih - Vk|n, k())

HI (1)) = ih o |0(1)
| Vi(H|nK)) = (Vi) |[nk()) + H(Vie|n, k)

Show that:
dk ()

hvink(t)) = Vi(E, k||n,k)) — ih o

- Vi (Vk|n, k))



Velocity and Berry curvature in the QHE

From the previous result, it follows(*):

va() = (n, k(Hlvln, k(1)) = + ViE[K] +

Remember the definition of the Berry curvature:

ﬂn(k) — Vk X <nk’ivk‘n, k>

dk(t)
dt

X Vi X <n,k’ivk’n,k>

. dk(t) edA €
and using: —_— = - = —
) it L ot h
1 e
we get Vn(k) — ﬁvkEn [k] — ﬁE X Qn(k)

(*) Should be on Lista 5!



Hall Conductance and Chern number

Current density(*): J — —@Z/ (;;QVn(k)f(k)

En(k) N k = (kxakyakz)

1
wsing: V() = 3 VicEn [K] - %E % (k) ]
we might calculate the conductance: J=0 E

dk
If we have a gap and N filled levels E 5
(27)
nefilled

(*) Quantum version of the usual: J = (—e)n(v)

ViEn k| f(k) =0



Hall Conductance and Chern number
En(k) N k = (kxakyakz)

The conductance can then be calculated:

J=0c E

e? 1
oy = — —— E Q,(k)-dk
Owy h 2 /BZ ()d

nefilled

The integral will be carried out in the 1st BZ, which is a

torus for the Berry curvature:

T

Q, (b, ky) = Qp (ke + q’ ky) = Qn(

-
Ky Ky + 5)

Thus the integral will be 21t (Chern number) and the sum will give the number of filled bands v :

e 1

— —2mTy = —Vv
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TKNN Invariant; 1982

The Hall conductivity is proportional to a Chern number (Berry-phase-like)

_ < 3 i// Q, (k) dk = vC
Ozy = h 2T BY7Z " o h

n<Npg
Thouless, Kohmoto, Nightingale, den Nijs, Phys. Rev. Lett. 49, 405 (1982)

- System is periodic (BZ is atorus in k-space)
- There is an uniform magnetic field in the system.
- Fermi energy lies in a gap with N¢ filled bands.

Increasing B |\SULATOR? CONDUCTOR? Neither?

B=0

v=0,1,2,...: filling factor.
Depends only on the
topology of the BZ states.

Density of States



TKNN Invariant; 1982

The Hall conductivity is proportional to a Chern number (Berry-phase-like)
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Thouless, Kohmoto, Nightingale, den Nijs, Phys. Rev. Lett. 49, 405 (1982)

v =0,1,2,...: filling factor.
Depends only on the
topology of the BZ states.
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