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Spin Dimer Systems



Spin Dimer Materials

SrCu2(BO3)2

TlCuCl3

BaCuSi2O6

… super solid of tripletons
Kageyama, et al., PRL82 (1999); PRL84 
(2000); Kodama, et al., Science 298 (2002).

… super fluid
Oosawa, et al., J.Phys.:Cond. Mat. 11 (1999); 
Nikuni, et al., PRL 84 (2000); Ruegg, et al., 
Nature 423 (2003).

… super fluid (specific heat and magnetization)
Jaime et al, PRL93 (2004).

KCuCl3 … super fluid
Cavadini, et al., PRB65 (2002); Oosawa, et 
al., PRB66 (2002).



Effective Spins (Tripletons)
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◆ Tachiki-Yamada J.Phys.Soc.Jpn. 28 (1970) 1413.



Effective Spin Model (XXZ model)
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Mean-Field Solution
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Qualitative Description by Tripleton BEQ

Hartree-Fock approximation: T.Nikuni, et al. PRL84 (2000) 5868
(See also Misguich and Oshikawa cond-mat/0405422.)

∑
∑

′
′

+
−′

+
+

+

+

 −=

qkk
kkqkqk

k
kk

aaaa
v

aa
m

k
H

,,

0

22

  
2

                     

   
2

µh
model (HF)

experiment



Specific Heat

(extrapolated)

Jaime et al, PRL93 (2004).

BaCuSi2O6



Remaining Disagreement
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Recent Simulation of XXZ model
with realistic coupling constants

Nohadani, Wessel, Normand, Haas: Phys. Rev. B 69, 220402 (2004)

φφφφ=1.6～～～～2.0
It approaches 1.5
as fitting range 
is narrowed.



Field Theoretical Description of QCP
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A simple dimensional analysis yields

Quantum Critical Point (QCP): 0=== uth
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d=3 is above the upper critical dimension.

corresponds to
magnetic field



Size Dependence of χ
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3D XY model

… simple, but believed to show the 
same critical behavior as the realistic 
model at a finite temperature and at 
zero temperature
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Size Dependence of χ
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Critical Field

S=1/2 3D (standard) XY model

simulation
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Critical Field

φ≒２ describes an only transient behavior.
The correct value seems to be φ＝３／２.

simulation
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Summary

Mean-field scaling is exact for the QCP.

Experiments may be performed
only in a transient regime.


