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Outline 
 ・Introduction 
  硬X線領域でのRXSとその問題点 
  

 ・Room Temperature Ferri-magnet: Sr3YCo4O10.5 

 ・Artificial superlattice: [(LaMnO3)m(SrMnO3)m]n 
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共鳴X線散乱（RXS） 
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異常分散項 

原子散乱因子 

原子種: 

軌道:     K-, L-, M-… edge 

吸収端で顕著な変化 

の区別が可能 

X線回折    周期性 

・吸収端エネルギー          -  電荷状態 

 ・ テンソル原子散乱因子  -  配位場 

             

 ・ スピン   

狙いの原子回りの局所情報 
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電荷状態 
V K-edge 

軌道状態 

~1.8eV 

4py,z 

4px 

1s 

K-edge 

Chemical shift 

原子散乱因子 

共鳴X線散乱(RXS) 

x y 

z 

テンソル原子散乱因子 

共鳴X線散乱 

差スペクトル 

吸収端エネルギー 

偏光 

LD 

f = f0 (Q) + f’’(E) +i f’’(E) 

fa= 
f//  0  0 

0  f⊥ 0 

0  0   f⊥ 



RXS technique 
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1. Resonant phenomenon at absorption energy 

1s -> 4p 
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3. Azimuthal angle, Polarization dependence 

2. Space group×  (Observation of forbidden reflection) 
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H.N. et al., PRB 66 (2002) 184419. 
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Cobalt system： Sr3YCo4O10.5 

Hund's coupling  vs.  CEF splitting 
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Co3+(3d6 ): Spin State degree of freedom 

Room Temperature Ferri-magnet: Sr3YCo4O10.5 
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H.N. et al., JPSJ 80 (2011) 023711. 



Crystal Structure of Sr3YCo4O10.5 
CoO4.25 layer: oxygen vacancy  
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Isotomin et al. : Chem. Mater. 15 (2003) 4012. 

Isotropic Co site 
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Anisotropic Co site 
Origin of  
 ferri-magnet 

S. Ishiwata et al., PRB 75 (2007)  220406. 



RXS reflecting anisotropy of Co sites 
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RXS at pre-edge 
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Pre-edge region 
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Summary:  Sr3YCo4O10.5 

Origin of Ferri-magnet at RT in  Sr3YCo4O10.5 

Co spin-state and AF- eg-orbital ordering 

 Resonant soft x-ray scattering 

 Neutron magnetic scattering  

Ferri-magnetic structure 

H.N. et al., JPSJ 80 (2011) 023711. 



Artificial superlattice: 
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Sr2+Mn4+O3 

Perovskite structure 

La3+Mn3+O3 

Cubic: a = 3.905Å 
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[(LaMnO3)m(SrMnO3)m]n 



[(LaMnO3)m(SrMnO3)m]n 

[(LaMnO3)m(SrMnO3)m]n LSAT 
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産総研（山田,澤） 

H. Yamada et al., PRB 81 (2010)  014410. 

L
aM

n
O

3
  
S
rM

nO
3
 

Substrate LSAT 
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Mag. field 

MR at the interface !? 
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at T = 5K 

RXS: 電荷, 結晶構造 
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