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The model exhibits different ground states [1]:
• The ferromagnetic: all the spins are aligned in the same direction
• The paramagnetic: all the spins are misaligned
• The striped: the spins aligns in linear groups

Results

Magnetism in graphene

• Graphene exhibits nontrivial magnetic properties
• At nanoscale magnetism stems from imbalances in the two 

sublattices induced by defects or strain
• Different phase transitions are under investigation
• Example [2]: graphene nanoflake with transition from paramagnetic 

to anti-ferromagnetic phase (left plot)

Kane-Mele-Hubbard Model

• The KMH Hamiltonian includes terms for Coulomb interaction and 
spin-orbit coupling to describe graphene as a topological insulator:
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• Three phases in example above (right plot): gapless semimetal (SM), 
topological band insulator (TBI), antiferromagnetic insulator (AFI)

• Problem currently solved with Mean Field Theory. We are making an 
attempt to solve it on D-Wave [3]

Outlook
These results open the possibility to extend the solution of optimization
problems to HEP applications: to pattern recognition, track 
reconstruction, particle identification and similar minimization
problems

• Phase transition simulated!
• Striped phase simulated! 

(𝐽2/𝐽1=1)
• The transition point depends 

on the external magnetic 
field!

Use of a quantum annealer
in optimization problems

Motivation 
Optimization problems 
with binary variables are 
NP-hard: very large 
configuration space. 
Need for heuristic
methods.

Annealing                 
QM adiabatic theorem: 
the system remains in the 
ground state for slow H 
changes. Quantum vs 
thermal fluctuations.

Embedding
Mapping of a fully 
connected graph into the 
lower connectivity 
Chimera graph used in D-
Wave architecture.

Hardware 
Manufactured spins with 
Josephson’s junctions as 
Qubits. Natural problems 
representation à la Ising.

D-WAVE in short

1 2

3 4

Annealing functions

We apply quantum annealing techniques to solve with D-Wave two relevant
problems in the study of phase transitions: 1- the known frustrated Ising

model; 2- the more challenging Kane-Mele-Hubbard
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