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Can we understand critical behaviour in 
condensed matter just via analysis of 

measured data? 
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temperature-driven phase transition: 
ferromagnetic  -> paramagnetic phase
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temperature-driven phase transition: 
ferromagnetic  -> paramagnetic phase

Principal Component Analysis

Lei Wang, PHYSICAL REVIEW B 94, 195105 (2016)
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Harder models: Confusion schemes, VAEs, RL …
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Supervised learning
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β

Train on 
configurational 

data

Learn to predict 
inverse 

temperature

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124

1. Pick continuous parameter(s) of the 
system

2. Pick an observable of the system
3. Train a neural network to predict 

parameters given observables
4. Apply the model on a set of new 

data
5. Around a phase transition the 

network predictions will diverge

F. Schäfer, N. Lörch, Phys. Rev. E 99, 062107 (2019)
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EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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2. Pick an observable of the system

Configuration: 

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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β

3. Train a neural network to predict parameters given observables

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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4. Apply model on a new data

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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5. Look at derivative of the predictions
The peak coincides with the position of 

the crossover temperature!

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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6. The network is learning the density of states in the 
provided set of configurations!

density of states neural network

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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Logarithmic scaling with the system size.

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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Does this work in quantum setting?
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Yes!

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
A. Valenti, E. van Nieuwenburg, S. Huber, EG, PRResearch 1, 033092 (2019)
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EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
A. Valenti, E. van Nieuwenburg, S. Huber, EG, PRResearch 1, 033092 (2019)

Relevant Problem: Quantum Model with Topological Phase Transition
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β

Train on 
measurement in σz 

basis
Learn to predict 

field strength

EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124

Relevant Problem: Quantum Model with Topological Phase Transition
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EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124

Relevant Problem: Quantum Model with Topological Phase Transition
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Type of measurement does not matter
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EG, A. Valenti, G. Boschung, F. Schäfer, N. Lörch, S. Huber, arXiv: 1910.10124
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“Unsupervised way to determine phase 
boundaries (even the difficult ones!) from 

experimentally accessible data.”
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