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WHY QUANTUM PHASE TRANSITION? 

HIGGS MECHANISM SUPERCONDUCTIVITY



WHY QUANTUM MACHINE LEARNING?



WHY QUANTUM SIMULATION? 



WHAT IS A QUANTUM PHASE TRANSITION?
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LIPKIN-MESHKOV-GLICK MODEL 

3 Universality Classes

𝛾 = 0

𝛾 = 1

0 < 𝛾 < 1

Dicke superradiance

d=0 Ising Model

LMG – large spin molecules
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CAN WE USE VQE TO DETECT THEM? 

Mass gap Total magnetization Correlation Functions

A. Peruzzo, et al., Nat. Commun. 5, 4213 (2014).



VQE FOR LIPKIN-MESHKOV-GLICK MODEL 
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𝜅 > 0 
?

TWO MARGINAL CASES

Competing Interaction (Frustration)

𝜅 = 0 1D Ising model in transverse field

ℎ = 0 Semi-classical model
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AXIAL NEAREST NEIGHBOUR ISING (ANNNI) MODEL 



QCNN FOR ANNNI MODEL 
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We train only on the two marginal integrable cases

I. Cong et al, Nat. Phys. 15, 1273 (2019).



QCNN FOR ANNNI MODEL 



CONCLUSIONS BUT NOT SO CONCLUSIVE

There are pieces of evidence that the phase diagram is even richer. 
What could be done in the future?
Can we hope for full ability to study new physics with current tools?
 

There is great chaos - the situation is excellent



The „International Centre for Theory of Quantum Technologies” project is carried out within the International Research 
Agendas Programme of the Foundation for Polish Science co-financed by the European Union from the funds of the Smart 

Growth Operational Programme, axis IV: Increasing the research potential (Measure 4.3).

Thank you very much for your attention!
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