
An application of Stokes’ Theorem rewrites…….. in 
terms of the Berry curvature …….. integrated over a 
surface S, whose boundary is C. We showed that the 
integrated Berry curvature over any closed 2D 
surface is ………………….. .. …..for some integer m.
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Quantum mechanical states are normalised elements of 
a vector space. Any two elements corresponding to the 
same “physical” state are related by a phase              . 


An eigenstate ………..of a quantum system, whose 
parameters R are changed slowly, will return to the same 
“physical” state, but with a Berry phase ………\…  , 
where            is: [1]


The loop C, along which we are integrating, is the closed 
path traversed in “parameter space”.

We calculated that a particle with spin component n  
in a slowly-changing magnetic field gathers a Berry 
phase of …exp{en\O}, where … is the solid angle 
subtended by C at the origin. 

For example, an electron                with a 360-degree 
rotation from +z to  -z to +z obtains a Berry phase of -1. 

“Parameter space” of the magnetic field (B)


The Berry phase can be experimentally observed 
through interference effects. 


A 1D quantum wire with L electron occupation sites on 
the surface of a superconductor is described by the 
Hamiltonian: [2]


There are two distinct phases depending on the values 
of locally tuneable variables. Phase (b) corresponds to 
the existence of Majorana edge modes C1and c2L, 
which are zero energy quasiparticles. As a result, we 
have two ground states with the same energy. 


Two different types of pairing


We calculated the Berry phase for a clockwise exchange 
of two Majorana particles on a T-junction. 


One of the ground states gains a factor of  . relative 
to the other. This demonstrates a potential way of 
manipulating qubits in a topological quantum computer. 
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�γn(C ) = i∮C
⟨n(R) |∇R |n(R)⟩dR

“I once heard that you had to turn an electron by 720 degrees before getting back to the same spin state.”
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We also calculated the Berry phase for a variety of other quantum systems, investigated time reversal symmetry’s effect on the Berry phase, 
projective representations of QM symmetries, the topological invariant in Kitaev’s chain and the generalisation of Kitaev’s model to 
parafermions. This poster is too small to contain the results. 

�exp{−inΩ}

�(n = ± 1/2)

�exp{iθ}

� |n(R)⟩

�exp{iγn(C )}
�γn(C )

�γn(C )

�Ω

� �∬S
Vn(R) ⋅ dS = 2π m

�Vn(R)

�H =
L

∑
j=1

− μ(a†
j aj −

1
2 ) +

L

∑
j=1

(− wa†
j aj+1 + Δajaj+1 + h . c . )

(2)

�C1 �C1�C2L

�C2L
(1)

�C1 �C1

�C2L

�C2L

(3) (4)

�c2L�c1

�i

loop �C
�B

�Ω = 2π

�z

�y

�x

� 

Phase (b)

|Δ | = w > 0, μ = 0

surface �S

�n

�+z�+z �−z

�C�S

�R

� 

Phase (a)

|Δ | = w = 0, μ < 0

�L

�C


