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Tensors: Generalization of scalars and vectors
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● https://www.tensors.net/
● http://quattro.phys.sci.kobe-u.ac.jp/dmrg.html
● Orús, R. (2014). A practical introduction to 

tensor networks: Matrix product states and 
projected entangled pair states. Annals of 
physics, 349, 117-158.

● Can simplify some concepts 
       definition. 
● Can be coded using C++ 

(ITensor), Python (TenPy), 
Julia (TensorOperations)...

https://www.tensors.net/
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Where can be applied tensors in Physics
● Succinct representation of physical quantities (ex: Stress Tensor, Moment of 

Inertia, Stress/energy tensor).
● Representation of frameworks of space and time (ex: General Relativity)

Tensor networks: Simplification of 
matrix products.A               B            C             Dij                        jk                   kl                     lm

Montangero, S., Montangero, E., & Evenson. (2018). Introduction to tensor network methods (p. 107). Switzerland, Cham: Springer 
International Publishing.

Recent interest of the use of tensor 
networks for studying materials. 
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● Bowen, Chen et al (2022). Quantum Information in Holographic Duality Rep. Prog. Phys. 85 046001
● Berezutskii, A., Liu, M., Acharya, A., Ellerbrock, R., Gray, J., Haghshenas, R. & Alexeev, Y. (2025). Tensor networks for quantum 

computing. Nature Reviews Physics, 1-13.

Example: Visualization and methods for Quantum Mechanics

Can these tools be an adequate tool to improve molecular simulations?



● Kolda, T. G., & Bader, B. W. (2009). Tensor decompositions and applications. SIAM review, 51(3), 455-500. 
● Zhao-Yu Han, Jun Wang, Heng Fan, Lei Wang, Pan Zhang (2018) Unsupervised Generative Modeling Using Matrix Product States,  Phys. Rev. X 8, 

031012    
● https://developer.nvidia.com/blog/nvidia-research-tensors-are-the-future-of-deep-learning/ 5

Tensors are useful as computing framework too! 

● Codes could be optimized by TN: faster and cheaper calculations. 

https://link.aps.org/doi/10.1103/PhysRevX.8.031012


● Tensors in different branches of physics.
● Tensors in machine learning
● Tensors for Quantum Simulation?

Tensor Networks (TN): An ultrapowerful tool.

6



7

Quantum simulation of materials: scaling as a challenge.

We are here.

● How to scale from one 
formalism to another?

● Can Tensors contribute to 
the results exchange?

After 5 years approx. in MD 
for different materials:  



Proposal: Tensor Networks+Empirical potentials

8

● DMRG for few atoms (< 100)
● Ground state energy calculations

● Use of results for build potential
● Application of machine learning

● Testing of result for more atoms
● Testing: E(r), RDF, stress/strain…
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DMRG Calculations
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Potential building
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DM testing of potentials



Results:
● The results for Si atoms are not satisfactory… yet. 
● It will be needed improvements on the DMRG 

algorithm, add new algorithms for forces calculations 
and considering geometry simplifications. 
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NequIP NequIP+DMRG 



Conclusion

● New methods could be used to make improvements on LAMMPS simulations, 
contributing with the connection with other languages (Quantum Chemistry, 
Tensor Networks…)

● To reach better results, it will be needed to explore another TN methods to 
calculate forces per atom and elaborate the code to favor scalability. 

● My main project: Make these improvements to convert this work in a library 
related with LAMMPS package. 

13Thank You


