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2010 Physics Nobel Prize

First “two” dimensional material

tought to be impossible  to exist...
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VirusQuasicrystals (1984)

Roger Penrose Tiling (1970’s)
Glass Formation

2011 Chemistry Nobel Prize

2009 Physics

Nobel Prize:

optical fibers 

make possible

internet



How such nice structures are assembled?

Usual approach: 

1) Hamiltonian

2)  Statistical mechanics counting “states”
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All states probed….



Many problems

2) Numerically very challenging

3) Not always an equilibrium process.

1) “A random search among all possible 

configurations can take an enormously 

long time. Yet  assembling takes place in 

seconds or less.”

4) Without computers, limited 

prediction power.

Levinthal (1969): if a protein were to attain its correctly 

folded configuration by sequentially sampling all the possible 

conformations, it would require a time longer than the age of 

the universe to arrive at its correct native conformation.

Google's DeepMind AI Predicts 3D Structure 

of Nearly Every Protein Known to Science

At last, the decades-old protein folding 

problem may finally be put to rest. (2023)



Richard’s approach

• Replace space of states by space of all agglomeration paths
(all posible paths that lead to a certain cluster size)

Feynman path approach to QM…

Energy+Entropy





Stochastic Matrix Method: network glasses 

Recover empirical Gibbs-Di Marzio law!

Se, SeGe , SeAs, SeAsGe,… 

First encounter with 

topology and glasses



Stochastic Matrices:

Evolving Systems

Markov Chains

Glass Transition

The Kerner Model

Formal Developments

Equilibrium, 

Dissipation and 

Ergodicity

-Quasicrystals

-Glasses

-Virus

-Nanomaterials



Rigidity and topology

Richard introduced me to Jim Phillips in Cambridge meeting

With N hinges, how many bars to make it rigid?

Flexible Isostatic Rigid

4x (2 freedom degrees)-(# constraints)=# of flexible modes

1 0 -1

f  =(# flexible modes)/3N Fraction of “floppy”, flexible modes
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Later on, again we joined efforts 

but  in flexibility of Graphene…



Banda de ValenciaBanda de Valencia

Banda de Conducción



“Dirac like” Equation







Twistronics= Girotrónica



Moiré patterns and superconductivity….



Unconventional superconductivity in magic-angle graphene superlattices

Cao,…,  Jarrillo-Herrero, Nature, 556, pages 43–50 (05 April 2018)



Superconductivity of TBG

Jarrillo-Herrero, et. al. , Nature (2018) 

Chiral Model (4x4 Operator)

Tarnopolsky, Jura, Vishnawatan , PRL 2019

Magic angle hierarchy in twisted graphene multilayers

E. Khalaf, A.J. Kruchkov, G. Tarnopolsky, and A. Vishwanath

Phys. Rev. B 100, 085109 (2019)

Electric field–tunable superconductivity in alternating-twist magic-
angle trilayer graphene, Science, 12 Mar 2021, Large Pauli Limit 

Violation and Reentrant Superconductivity Cao, Park, Jarrillo-Herrero, 

arXiv:2103.12083v1 Marzo (2021)

Model  2x2, PRB (2021)



Andrei, Mac Donald, Nature Materials volume 19, pages1265–1275(2020)

Modelo de 
Modelo de Bistrizer-Mac Donald (2011)



AA tunelling set 0

Angle and energy=coupling constant



1

Navarro, Naumis, Phys. Rev. B (2022)

Navarro, Naumis, Phys. Rev. B (2023)

Supersymmetry leads to flexible phonon modes!



• CONCLUSION

1) Richard: thanks for all these years

teaching us how to do research and teach

and plus all sort of things and jokes.

2) Remark his huge impact in third world

science


