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d=3, z=1 

ε~1/T(d+z-2)/z 
at κ~0 

Polar Mode 
 

ω2~ κ2+q2 
ω   q as κ   0 
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Border of Displacive Ferroelectricity 
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Δρ ~ Texp 

0.5K to 5K 



Border of Metallic Ferromagnetism 
ZrZn2: Electrical Resistivity ρ & Thermal Resistivity w = L0T/κ	
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ZrZn2: Electrical Resistivity ρ & Thermal Resistivity w = L0T/κ	



Zr 

Zn 
ρ(

T)
 (

µ
Ω

cm
) 

δ=w-ρ  

RP Smith, M Sutherland, GGL, SS Saxena, 
 N Kimura, S Takashima, M Nohara & H Takagi, Nature (2008) 

Paramagnons 
 

Γ~ q(κ2+q2) 
Γ   q3 as κ   0 

d=3, z=3 
w~Td/z 

at κ~0 
ρ~T(d+2)/z 
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Spin Texture as Coherent Superposition of Spin Spirals 
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Spin Spirals from the Dzyaloshinky-Moriya 
 Interaction in Lattices without Space Inversion Symmetry 



Spin Spirals from Fermi Surface Nesting:   
Fermi Surface and Lindhard Function for dxy Band of Sr2RuO4 
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a = scattering length 
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Superconductivity on the Border of Antiferromagnetism 
 in Related Cubic and Tetragonal Systems  
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Border of Antiferromagnetism in Cubic Dichalcogenide: NiS2 

AFI (M) = Spin-1 Antiferromagnetic Insulator (Metal) 
 

PI (M) = Paramagnetic Insulator (Metal) 
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(Ni2+) 

JA Wilson (1985); 
T Takimoto, T Hotta &  
K Ueda, PRB (2004) 



PI 

PM 

SR-AFI 

400 K   
 
 
 
 
 
 
 
 
 
 
 

0   
0                                                              1.5 

AFM 

x 

Te
m

pe
ra

tu
re

 

AFI 

Ni 

60 
80 

100 

0 500 1000 

ρ  ( µ
Ω
 cm

) 

T  3/2  (K  3/2 ) 

NiSSe 
S,Se 

0 Pressure (kbar) 120 

NiS2-xSex 

NiS2 

S Miyasaka et al., JPSJ (2000); P Niklowitz et al. PRB (2008); H Takagi et al. (2008) 

Border of Antiferromagnetism in Cubic Dichalcogenide: NiS2 

AFI (M) = Spin-1 Antiferromagnetic Insulator (Metal) 
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