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5d Transition Metal Oxides 
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Interplay among electron correlations, spin-orbit coupling and 
crystal electric field (U ~ SOC ~ CEF) 
Spin orbit coupled Mott insulator à exotic quantum phases 
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Sr2IrO4 – Single Layer Perovksite Structure
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Sr2IrO4 – Single Layer Perovksite Structure

Sr2IrO4 La2CuO4

Crystal structure:
tetragonal point group 4/mmm
inversion symmetric 
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Magnetic structure:
in-plane canted dipolar AFM
orthorhombic mmm1’ 
inversion symmetric
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Neutron diffraction 

Resonant x-ray diffraction 

Crystal structure:
tetragonal point group 4/mmm
inversion symmetric 
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Doped Sr2IrO4 – Fermi Arcs (Pseudogap Behavior)
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Surface K Doped Sr2IrO4 – d-wave Gap 
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d-wave gap behavior  
 

 
Superconductivity predictions 
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Constructing A Phase Diagram?

Iridates 

Te
m

pe
ra

tu
re

Doping

TN	
  



Analogy to Cuprates Phase Diagram

Cuprates 
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Nonlinear Optics
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Multipole expansion of radiation source term  

Expansion of electric dipolar ( P ) contribution 
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Property Tensor & Symmetry Properties 

Neumann’s principle : A property tensor of a crystal is invariant under the 
symmetry operation of the crystal.  

Symmetry group à independent nonzero tensor elements 

Higher rank response tensor à greater symmetry resolution  
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Second Harmonic Generation (SHG)

Inversion Symmetry:  (x, y, z) à (−x, −y, −z)
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Rotation Anisotropy SHG (RA-SHG)
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�  φ dependence RA-SHG

�  T dependence

I2ω (φ, T, r)
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�  Four polarization geometries
      P/Sin – P/Sout 

�  r dependence SHG imaging



RA – SHG on Sr2IrO4 at 295K 
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RA – SHG on Sr2IrO4 at 295K 

Pin-Sout 
b 

a 

C4 rotational symmetry 

Rotated ~12o off a axis 
Broken ac, bc mirrors 

Refined structure 4/m 
Inversion symmetric 

Bulk electric quadruple 
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   Peff = χqee E    E Δ



RA – SHG on Sr2IrO4 at 295K 

C4 rotational symmetry 

Rotated ~12o off a axis 
Broken ac, bc mirrors 

Refined structure 4/m 
Inversion symmetric 

Bulk electric quadruple 
 Q = χqee E E
   Peff = χqee E    E Δ

Pin-Sout 
b 

a 



RA – SHG on Sr2IrO4 at 295K 
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Bulk E. Q. contribution 
from 4/m structure. 
Consistent with recent 
findings of forbidden 
neutron peaks if 4/mmm 
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4/m Crystal Structure
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2/m1’ AFM Structure
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RA – SHG on Sr2IrO4 at 175K 
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RA – SHG on Sr2IrO4 at 175K 
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RA – SHG on Sr2IrO4 at 175K 
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SHG Imaging on Sr2IrO4 at 295K
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SHG Imaging on Sr2IrO4 at 175K
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Scanning RA–SHG on Sr2IrO4 at 175K
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Four Domains of the Hidden Order in Sr2IrO4 
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Relation between Hidden Magnetic Order and AFM in Sr2IrO4

� Ordering temperature
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Sr2Ir1-xRhxO4
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TΩ Evolution upon Rh Doping in Sr2Ir1-xRhxO4 
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Hidden Magnetic Order Region in Sr2Ir1-xRhxO4 



Conclusions and Outlook

A hidden magnetic order: broken rotation, inversion, time 
reversal symmetries. 

Four domains. 

Not trivially tied to AFM 

Possible relation with Pseudogap behavior ? 
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