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1- Motivacoes e Questoes Basicas

Motivacoes:

1) Experimental:

- Supercondutividade em altas temperatura
- Materiais magneticos frustrados

Propor um modelo realistico que tenha um estado
(Degenerescéncia topologica)

Questoes:

1) O que € 0 estado ?
2) Como obter o de spin (exp)?



X Estado Liquido de Spin

Composto La, Sr CuO,

Temperature (K)

Superconductor

0.2
Hale doping, p

Sachdev, 2000
e x>().05 estado SC

. . k,T.~A ~I(GAP)!
° Planos de Cu02 qullldO de Splll
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Direct Determination of the Magnetic Ground State in the Square Lattice § = 1,2
Antiferromagnet Li, VOSiIOy,

A. Bombardi,' I. Rn:n:lr"lgUut:..z—'tC‘.zl|'1.-'£|.j:|.I.2 S. Di Matteo,”™* E de Bergevin,' L. Paolasini,' P. Carretta,”
P Millet.® and R. Caciuffo’
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?.lr.\'.".'..".'n'_l'n'.' MNazionale per la Fisica della Materia and Jrj.:..'Jc.'.".".'.J.'.‘L‘.l.'!r.' i Fisica ed Imgepneria dei Materiali,
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Powder neutron diffraction and resonant x-ray scattering measurements from a single crystal have
been performed to study the low-temperature state of the 2D frustrated. quantum-Heisenberg system
Li- WV (510,. Both techniques indicate a collinear antiferromagnetic ground state, with propagation
vector & = (£ £ 0). and magnetic moments in the a-b klane. Eoﬂtrar}' to previous reports, the ordered

moment at 1.44 KI m = {)_(33[315,15* is very close to the Walue expected for the square lattice Heisenberg
e

model (=0.6 g5 magnefic order is three dimensiolal. with antiferromagnetic a-b layers stacked
ferromagnetically along the ¢ axis. Meither x-ray nor neutyon diffraction shows evidence for a structural
distortion between 1.6 and 10 K.




* Fase de Néel (AF) vttt
(Neel, Landau 1933: titd
IR |

Pomeranchuk -
Férmions neutrons 1941)

e Valence bond solid (VBS) J' ' J' '
(Sachdev, Read 1990) L l’ 1 l’ Ordem de longo-alcance com dimero
Cristal de singletos ¢ T & T Quebra de simetria translacional

‘ 1 =11 —=111))/V2

@ Parametro de ordem nao local
(Anderson 1973,1987)




e Cada configuracao tem uma energia

modelo localizado

WORKSHOP:
LOCAL: CIFMC, Brasilia (20 a 27 de julho de 2009)




Modelo J,-J, 2D

Ordem AF Ordem colinear-SAF
J

m — R

Existe um ponto a,.=(J5/1,).?, Qual a ordem da transicao?,...
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Li2 VO (Si.Ge)Oy4, a Prototype of a Two-Dimensional Frustrated Quantum
Heisenberg Antiferromagnet

R. Melzi.! P. Carretta,! A. Lascialfari.,! M. Mambrini.> M. Troyer.” P. Millet.* and E Mila?

18 | 1 1 | 1 | L

- J] 151 N
I I = . 14-‘ . i
rl:_' 12-‘. ’ o
‘" 10_- R

K '
. F #1  Collinear Phase i
Ordem Colinear I ¢ % i

. 0
4 L
P 443 ; f _

: vy T
N 0 SERE h

| : i e
I" 0 I.:I I ll Figura 4.7: Diagrama de fase no plano T— H para o composto L1, VOSIO,. A temperatura
" eritica T, fol estimada da medida susceptibilidade (circulos brancos) ou da relaxag 4o de
Jg:'{,_h RMN (cireulos pretos) [20].

22 ordem o,.~0.40? ‘ 12 ordem a.,.~0.607? \




This work
— ——- Previous data
200 400

200
T(K)

Pb,VO(PO,),

Li,VOSIO,

T(K)

Li»VOSiOs LiaVOGeOy PbaVO(PO4)s

J(K) 56 (.82 —0
Jya (K 3 4.1 0.8
Js STy 5 1.64
Ji =0 (Bow) (K) 9 3K
Te . (K) 34 8.67
Ty (K) i 3.5
S N 9K . 2.48

~ #Kaul, etal. IMMM 272-276, 922 (2004)
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Modelo J,-J, 2d

Jo/J Limite classico

Fase colinear
com dimeros

-0 -0-0
¢ o oo
*-9-o-o
¢ oo
oo 0 o

2), Jy 5T
<=4+

Dimerizagdo alternada (ISR GAP A~021(J,/ J)z

* Diagrama de fase de acordo com Expansdo em N (Sachdev,Read 1990, 1991)[J,=]]
Expansao em séries (Singh 1990) [J,=]],
Diagonalizacao exata (Sindzingre 2003) [J, <J]



Nao existe o estado para modelos classicos
# Viana e JRS, PRB 75, 052403 (2007)
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# dos Anjos, Viana, JRS e Plascak, PRE 76, 022103 (2007)
# Viana, JRS e Continentino, PRB 77, 172412 (2008)
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FIG. 2. Phase diagram in the T-g plane for the quantum spin-1/2
anisotropic J-J, Heisenberg model on a simple cubic lattice for
A=0 (isotropic Heisenberg limit) and A=1 (Ising limit). The first-
and second-order transitions are indicated by the dashed and solid
lines, respectively. The black points indicate the CEP and «, at
T=0 are given by 0.21 and 0.25 for A=0 and A=1, respectively.
The inset shows the re-entrant behavior.
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FIG. 3. Ground-state phase diagram in the (o, 4) plane for the
anisotropic quantim spin- 12 J)-5; Heisenberng model on a simple
cubic lattice. The dashed line comesponds to the first-order phose
boundaries. In the inset, we present the phase diagram of the model
on a square lattice (Ref. 22). The notations indicated by AF, 5L,
SAF, and L correspond to the antiferromagnetic. spin-liquid. super-
antiferromagnetic, and lamellar phases, respectively.
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Spln FIG. 3. Oround-state phase diagram in the (o, 4) plane for the

anissropic quantum spio- 112 5-F; Heisenbeng medel on a simple
cubic lartice. The dashed line cormresponds to the first-order phocse
boundaries. In the inset, we presant the phase disgram of the mode]
on a square lattice (Ref. 22). The potations indicated by AF, 5L
SAF, and L correspond to the antiferrommagnetic. spin-liguid. super-

c antiferromagnetc, and lamellar phases, respectively.
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Existéncia do estado liquido de spin em 3D



Efeito da interacao entre planos

H= Z("’l Zsi.n ' Sj.n u ‘!EZSJ.H ' Sj.n) u lesi.n "Sint
[i/] L

noh (i)

075 collinear LRO 084
e L o6
B SL
- quantum para |
0.5 0.4-
] AF
0.25 ]
Néel LRO 00 : T ' T ' T ' | -
00 02 04 06 08 10

A

0 : : | : : :
# Schmalfub, Darradi e Richter, PRL 97,
157201 (2006)

# Nunes, Viana, JRS e Richter, PRB (2009)
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# Nunes, JRS e Viana, J. Phys. Cond. Matter (2009)




R. Coldea, et al. (PRL 86, 1335 (2001)
Y. Shimizu, et al. PRL 91, 107001(2003
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J, J antiterromagnetic
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Criticalidade Magnética

IX[Pd(dmit),],  Et,Me,Sb (CO).
Me4P.~ o N

Me4Ag EtMe;P
| J'/J =1.024
Regiao critica
guantica

EtMe;AS @

Et,Me,P @@
Et,Me,As  Me,Sb

| Ordem Magnética Gap de
EtMe;Sb

Y. Shimizu, et al. , J. Phys.. CondensaMatter 19, 145240 (2007)
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Dimensional crossover in a spin-liquid-to-helimagnet quantum phase transition

3

V. O. Garlea™ and A. Zheludev
Neutron Scattering Sciences Division, OQak Ridge National Laboratory, Qak Ridge, Tennessee 37831, USA

K. Habicht and M. Meissner
BENSC, Hahn-Meitmer Institug, D-14109 Berlin, Germany

B. Grenier, L.-P. Regnault, and E. Ressouche
CEA-Grenoble, INAC-SPSMS-MDN, 17 Rue des Mariyrs, 38054 Grenoble Cedex Y, France
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# Primeira definicdo (Shastry-Sutherland, 1981)

Estados singletos

1) Auséncia de ordem de longo alcance

i) Ordem topologica (curto alcance)

ii)
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Misguich e Lhuillier, Two-dimensional quantum antiferromagnets



As funcoes de correlacoes decaem exponencialmente

Implica no estado com GAP

# Isaek, Ortiz e Dukelsky,
PRB 79, 024409 (2009)

.
0o 0G

FIG. 11. The two lowest excitation enengies taken at the center
of the plagquette Brillowin zone. The main panel shows the self-
consistent solution to Bogolinbov's equations, while the inset cor-
responds to the time-dependent Gross-Pitaewvskil equation (weak
coupling). Since wave functions of collective excitations in the MNéel
and columnar phases hawve different symmetries. there are lewel
crossings in the nonmagnetic phase {(cusps in the plot).




A- Identificacao do estado liquido de spin qg,; (T)?

r
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SRO
(Spin ligud)
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o
(=10
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=!
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4
Magnetic Broad peak characteristic of
order short-range antiferromagnetic
correlations

Y. Shimizu, et al. PRL 91, 107001(2003)



B- Conexao com os supercondutores

# Chrakravarti, Halperin, e Nelson, PRB 39, 2344 (89).

Quantum
critical

e
A
AN
A
\

'
y
!
/!
/
!

Triplet
quasiparticles

Spin waves

>
g

Figure 3: Crossover phase diagram [7] for He with the same conventions as Fig 1. The ground
state is a paramagnet (Fig 2B for g < g. and the energy cost to create a spin excitation,
A e finite for g < g. and vanishes a8 A ~ (g, — g™ where =1 is a oritical exponent. There
iz magnetic Méol order at T = 0 for g = g. (Fig. 24 and the time-averaged moment on any
site, Ny, vanishes as g approaches g, from above. Quasiparticle-like dynamics applies in the
blue shaded regions. For g « g., in the cartoon picture of the ground state in Fig 2B, the
triplet quasiparticle corresponds to the motion of broken singlet bond in which Fig fig2C is
replaced by cne of | 710, | L. 10 or (| T10+] [T0/+Z. For g > g.. the quasiparticles are
spin-waves representing slow, long-wavelength deformations of the ordered state in Fig 24,

8

Temperstire (K)
g

Superconductor

oA

al

0.2
Hale doping, @

10000

# Imai, et al. PRL 70, 1002 (93)
| La, SrCuO, :

X

8000}

6000

=~ 4000}

T (sec™)

=55
T (Kelvin)

0 200 400

Figure 4: Measurements [21] of the longitudinal nuclesr spin relazation (1;/T1) of %%
mcled in the high temperature superconductor Las_»SrCu0y as a function of = and T. This
quantity is a measure of the spectral density of electron gpin luctuations at very low energles.
Atsmall =, 1/T) incressea rapadly as T" is lowered (se= red circles): thisisalso the behavior in
the spin-wave regime of Fig 3 (g > g.)—the energy of the dominant thermally excited spin-
wave decreases rapidly as T decreasss, and so the spin spectral density rises [22]. In contrast,
at large ®, 1/T] decreases as T is lowerad (s=e blue squares): this corresponds with the triplet
quadaparticle regime of Fig 2 (g < gej—the low energy gpectral density 18 proportionally to
the denaty of thermally excited quasiparticles, and this becomes exponentially small = T
18 lowered. Finally, at intermediate T, 1/T} 18 roughly temperature independent for a wide
range of T (see crange triangles) and this is the predictad behavior [18, 23] in the quantum

critical regime of Fig 3.
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