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O gas uniforme de elétrons
(“jellium model”)
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O Hamiltoniano na base de posicao
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K_,na base de momentos
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Gas uniforme de elétrons
(“jellium model”)
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Tw Limite de alta densidade
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Expansao de alta densidade
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Limite de baixa densidade
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Expansao de baixa densidade

Table 1.3. Energies per electron of the
classical Wigner crystal for different Bravais
lattices in three and two dimensions.

U 1.8
N Ry (3D) <
T's d Lattice % (F—Sy>
U 2.2 Rv (9D
N Y (2D) 3 Simple Cubic —~1.760
3 Face Centered Cubic —1.79175
3 Body Centered Cubic —1.79186
3 Hexagonal Close Packed —1.79168
2 Square —2.2
2 Hexagonal —2.212
Fonons
2.66R
=Ry, (3D — bco),
AU |
N %Ry , (2D — hexagonal).
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Estado fundamental (T=0)

3—D' 50(2) 106(1)

Liquido defermi Liquido de Fermi Cristal de Wigner bcc 7,

paramagnetico parcialmente AFM ou FM?? ndo ha
polarizado FM precisao suficiente...

F. H. Zong, C. Lin, and D. M. Ceperley, Phys. Rev. E 66, 036703 (2002).

86.6(7)
Liquido de Fermi paramagnético Cristal de Wigner bcc AFM (?) Vs

Sam Azadi and N. D. Drummond, PRB 105, 245135 (2022).



Estado fundamental (T=0)

Z—D' 31(1) 38(5)
Liquido de Fermi Cristal de Wigner Cristal de Wigner VS
paramagnético triangular AFM/LSQ(?) triangular FM

N. D. Drummond and R. J. Needs, PRL 102, 126402 (2009)



Temperatura x densidade
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Ceperley, D. M. (2004). Introduction to quantum Monte Carlo methods applied to the
electron gas, to appear in The electron liquid paradigm in condensed matter physics,
Proceedings of the International School of Physics “Enrico Fermi”, Course CLVII,
edited by G. F. Giuliani and G. Vignale.
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Bernu, B., Candido, L., and Ceperley, D. M. (2001). Exchange frequencies in the 2D
Wigner crystal, Physical Review Letters 86, 870-873.

Ref.: “Quantum theory of the electron liquid”, Gabriele Giuliani and Giovanni
Vignale, Cambridge (2005).



Resultados experimentais em 2D (ZnO)

“MgZn0/Zn0 heterostructure confines a 2DES approximately 500 nm”

Drummond and
Needs, PRL 102,
126402 (2009)
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J. Falson, I. Sodemann, B. Skinner, D. Tabrea, Y. Kozuka, A. Tsukazaki, M. Kawasaki, K. von
Klitzing, and J. H. Smet, Nat. Mat. 21, 311 (2022).



