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Perimeter International Scholars, March 21 - April 8 2016

Explorations in Condensed Matter Theory

Many-body entanglement and tensor networks

Guifre%’idal. Perimeter Institute

IJulia Il: quantum spin chain

In [ ]1: # Pauli matrices X and Z, and identity matrix I
X =[0.1; 10]
Z=[1.0; 0 -1]
I = eye(2)
XX = kron(X,X)
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In [1]: # Pauli matrices X and Z, and identity matrix I
X = [0. 1; 1 0]
Z=1[1.0; 0 -1 T
I = eye(2)
XX = kron(X,X)

Out[1]: 4x4 Array{Float64,2}:

X 4
) .0 1.0
e .0 0.0
5} .0 0.0
1 .0 0.0

Let us build the Hamiltonian for N spins

(N = l4|takes a few seconds; do NOT try N = 16|-- requires too much time and memory)

In [ ]: # Ising Hamiltonian for N spins with exact diagonalization
N=3
h = 1.0 # magnetic field
H = -XX - h*(kron(Z,I) + kron(I,Z))
for n = 3:N
H = kron(H,I)-kron(eye(2”(n=-2)),XX)-h*kron(eye(2*(n-1)),2) i
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Let us build the Hamiltonian for N spins

(N = 14|takes a few seconds; do NOT try N = 16|-- requires too much time and memory)

In [ ]:

b~
W
sy
3

L~

Hamiltonian for N spins with exact diagonalization

# magnetic field

=XX - h*(kron(Z,I) + kron(I,Z))

33
kron(H,I)-kron(eye(2”(n-2)),XX)-h*kron(eye(2*(n-1)),Z)

I o=
'olll "o
-
®

n
3

n o

-

'

kron(X,kron(eye(2*(N-2)),X))

Function that builds the Hamiltonian
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In [2]: Ising Hamiltonian for N spins with exact diagonalization

= 1.0 # magnetic field

= -XX - h*(kron(Z,I) + kron(I,Z))

3:N
kron(H,I)-kron(eye(2"(n=2)),XX)-h*kron(eye(2”(n=-1)),2Z)

- -
n
- =
'

kron(X,kron(eye(2”(N-2)),X))

Out[2]: 8x8 Array{Float64,2}:

-3.0 -0.0 -0.0 -1.0 -0.0 -1.0 -1.0 -0.0
0.0 -1.0 -1.0 0.0 -1.0 0.0 -8.0 -1.0
-0.0 -1.0 -1.0 -0.0 -1.0 -0.0 -2.0 -1.0
1.6 0.0 -0.0 1.0 -0.0 -1.0 -1.0 0.0
0.0 -1.8 -1.0 -0.0 -1.0 -0.0 -0.0 -1.0
-1.0 0.0 -0.0 -1.0 -0.0 1.0 -1.0 0.0
1.0 -0.06 -0.0 -1.0 -0.0 -1.0 1.0 0.0
0.0 -1.0 -1.0 0.0 -1.0 0.0 0.0 3.0
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