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O modelo de Heisenberg

Como vimos, o modelo de Hubbard em semi-preenchimento (um elétron por sitio) no
limite U >> ¢ é descrito por:

1
H=JY" Si S — 5
(i)

42
J=—>0
U

O modelo acima, € antiferromagnético: J>0.
Genericamente, podemos considerar também o caso ferromagnético: J<(



TEMPERATURE (°K)

McWhan, D. B., A. Menth, J. P. Refneika, W. F. Brinkman, and

T. M. Rice, 1973, Phys. Rev. B 7, 1920.
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Correspondance rle: 1.0kbar = 1.0%

Czjzek et al., IMMM 3, 58 (1976)



Condutores organicos fortemente bi-dimensionais
4-(BEDT-TTF)5Cu[N(CN)3]Cl
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Teoria de ondas de spin

 Fase ordenada.
* Spin S qualquer.

 Vamos considerar o caso FM: J<(0
H=J E SZ ¥ S] * Baixas temperaturas: 7<<J|
(i7)

Consideracdes de simetria:
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Setor de um spin-flip
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Transformacao de Holstein-Primakoff
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Sistema em equilibrio a temperatura T
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Dispersao de magnhons num FM

PRL 108, 197205 (2012)

week ending

PHYSICAL REVIEW LETTERS 11 MAY 2012

Magnon Lifetimes on the Fe(110) Surface: The Role of Spin-Orbit Coupling
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FIG. 1 (color online). (a) Magnon dispersion relation mea-
sured on a 2 ML Fe on W(110) at room temperature and for
two different magnetization directions. The inset shows a mag-
nified part of the graph for a smaller energy and wave-vector
window. (b) The energy splitting defined as AE(g) =
Eyrii0(@) — Eypiio)(¢) obtained from (a). The symbols repre-
sent the experimental results, while the solid lines represent the
fits based on the extended Heisenberg spin Hamiltonian.

Kh. Zakeri,* Y. Zhang, T.-H. Chuang, and J. Kirschner

T Max-Planck-Institut fiir Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany

(Received 16 January 2012; published 9 May 2012)



Dispersao de magnhons num FM

Magnon spectrum and related finite-temperature magnetic properties: A first-principle approach
S. V. Halilov, A. Y. Perlovgif, P. M. Oppeneer and H. Eschrig
Europhys. Lett, 39, 91-96 (1997)
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Figure 1: Magnon dispersions of bcc Fe for high-symmetry directions. Experimental data, for pure Fe
at 10 K: [20], and for Fe (12 Si) at room temperature: [22]. Calculated dispersions are depicted by
solid circles and line. The right-hand panel shows the calculated magnon total density of states (in
states/(meVcell)). Note the Kohn-like anomalies ("cusps") in the theoretical spectrum.
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Frustracao
Lei de Curie-Weiss
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Algumas redes frustradas

Triangular Hexagonal .
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Frustracao

Table 1| Some experimental materials studied in the search for QSLs

Material Lattice S Ocw (K) R* Status or explanation
xk-(BEDT-TTF),Cu,(CN); Triangular Y -375% 1.8 Possible QSL
EtMe,Sb[Pd(dmit), ], Triangular Y —(375-325)+ ? Possible QSL
Cu3V,0,(0OH),*2H,0 (volborthite) Kagomét Y -115 Magnetic
ZnCu5(OH)4Cl, (herbertsmithite) Kagomé Yo =241 Possible QSL
BaCu;V,04(0OH), (vesignieite) Kagomé Y =77 4 Possible QSL

Na,lr;Oq Hyperkagomé Y -650 70 Possible QSL
Cs,CuCl, Triangulary Y -4 0 Dimensional reduction
FeSc,S, Diamond 2 -45 230 Quantum criticality

BEDT-TTF, bis(ethylenedithio)-tetrathiafulvalene; dmit, 1,3-dithiole-2-thione-4,5-ditholate; Et, ethyl; Me, methyl. *R is the Wilson ratio, which is defined in equation (1) in the main text. For EtMe;Sb[Pd(dmit), 1,
and ZnCu;(OH)Cl,, experimental data for the intrinsic low-temperature specific heat are not available, hence R is not determined. TSome degree of spatial anisotropy is present, implying that J'= J in Fig. 1a. A

theoretical Curie-Weiss temperature (0., calculated from the high-temperature expansion for an S =% triangular lattice; O, = 3J/2ks, using the J fitted to experiment.

L. Balents, Nature 464, 199 (2010)



Calor especifico linearem T
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S. Yamashita et al., Nature Phys. 4, 459 (2008)

Calor especifico linear em T é tipico de férmions. Em algumas
teorias, as excitacoes elementares sao férmions neutros (“spinons”)



Condutividade térmica linearem T?

Essas mesmas excitacoes fermidnicas
neutras (“spinons”) deveriam dar

origem a x(71)~T'.

Mas o resultado experimental é

exponencial (gap?)
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Figure 3 | Comparison between the data and the theory based on the
gapless QSL with a spinon Fermi surface. « /T data (sample A) in zero
field (blue) plotted together with expected dependence of equation (1). The
green line is for the clean limit (1/t = 0) and brown for a dirty case with the
mean free path as short as 10a, where a(>~ 0.8 nm) is the lattice parameter

of the triangular lattice.

M. Yamashita et al., Nature Phys. 5, 44 (2009)



