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Sr,IrO, : A spin-orbit coupled Mott insulator

Nonlinear optical harmonic generation

Physics of Sr,1rO, revealed through nonlinear optics



5d transition metal oxides

== Interplay between electron correlations, crystal electric field
and spin-orbit coupling and (U ~ SOC ~ CEF)

== Potential for exotic physics driven by strong SOC (~0.5eV)



J& = Y2 Mott Insulators in 5d systems
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Sr,IrO, (Single-layer perovskite structure)

La,CuO, Sr,IrQ,




Sr,1rQ, (Orthorhombic magnetic structure)
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Sr,IrO, (Electronic structure)
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Fermi arcs in surface K doped Sr,IrO, (electron doping)
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Y. K. Kim et al., Science 345, 187 (2014)
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Fermi arcs and pseudogap in bulk doped Sr,IrO,

Observation of Fermi Arcs in ARPES measurements

A. De la Torre et al., http://arxiv.org/abs/1506.00616 (2015)

(Sr,La,),IrO, (electron doping)
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Broken symmetry phases proximate to AF order in cuprates
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Exotic phases In iridates?
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Neumann’s principle

A tensor describing any physical property of a crystal must
be invariant under all symmetry operations of the crystal

If Y. . 1S aproperty tensor

and T;, Is an element in the
symmetry group of the crystal

then:
Xijk.n = Tiijqur Tnu)(pqr...u

The set of relationships between
s greatly reduced the number of
non-zero independent tensor
components

R. R. Birss Symmetry & Magnetism (1966)



Higher rank tensors — greater symmetry resolution
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Nonlinear optics

Multipole expansion of radiation source term
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Optical second harmonic generation (SHG)

ED . o
Zijk — () if system has inversion symmetry

ZuEkclg - O even if system has inversion symmetry
much weaker than ED contribution (~A/a)



Rotational anisotropy




Technical limitations of conventional rotational anisotropy

Alignment problems:

Beam walk on sample
Precession of reflected light
Need large area flat single crystals (e.g. thin-film, polishing)

Need for rotating sample creates additional challenges for:

Cryogenic measurements
Magnetic field measurements
Strained samples

Imaging measurements

RhSLIrQ,




Rotating scattering plane based RA-SHG

Instead of rotating the sample, the scattering plane is rotated.
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D. H. Torchinsky et al., Rev. Sci. Instrum. 85, 083102 (2014)



Rotating scattering plane based RA-SHG

Only a handful of optics rotate.
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Rotating scattering plane based RA-SHG

9

Sample is totally stationary.
Thus, we may perform measurements:
I 1n ultracold environments V

I In a magnetic field V

I on small single crystals VV

I as ascanning experiment V

D. H. Torchinsky et al., Rev. Sci. Instrum. 85, 083102 (2014)



Characterization of spot size and local repeatability

Beam walking on sample ~ 1 >m

= Always measure the same portion
— of the sample V

cry;étal defect



Characterization of scattering angle precession

A = s5y ~ 900 nm K (um™)
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D. H. Torchinsky et al., Rev. Sci. Instrum. 85, 083102 (2014)



Structural symmetry

Unexplained forbidden neutron peaks
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Second harmonic generation from Sr,IrO, (001)
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Second harmonic generation from Sr,IrO, (001)
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Second harmonic generation from Sr,IrO, (001)
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Second harmonic generation from Sr,IrO, (001)
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Nonlinear optical microscopy

D. H. Torchinsky et al. PRL 114, 096404 (2015)



Spatially resolved symmetry mapping

180

No evidence of spatial inhomogeneity
or parasitic phases

D. H. Torchinsky et al. PRL 114, 096404 (2015)



Lowered global symmetry 14,/acd — 14,/a

Loss of c, d glide planes from 14,/acd — 14,/a
occurs via staggered tetragonal distortion

D. H. Torchinsky et al. PRL 114, 096404 (2015)



Consequences of lowered global symmetry

D. H. Torchinsky et al. PRL 114, 096404 (2015)
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Consequences of lowered global symmetry

D. H. Torchinsky et al. PRL 114, 096404 (2015)
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RA-SHG dataat T =295 K anaoetal inreview
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RA-SHG dataat T=170 K anaoetal inreview
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Symmetries of ®,, loop current order (magneto-electric)
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Nonlinear optical microscopy images
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Nonlinear optical microscopy images
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Hidden order domain orientations in Sr,IrO,

Domain I Domain II Domain IV




Hole doped Sr,lr, ,Rh,O,
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T.Qi et al., PRB 86, 125105 (2012)
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Hole doped Sr,Ir, ,Rh,O,
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Hidden symmetry breaking below T,
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Hidden symmetry breaking below T,
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Doping dependence of T, In Sr,Ir, ,Rh, O,
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Exotic phases In iridates?
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Conclusions and Outlook

Nonlinear optical response is an effective probe of bulk
structural and electronic symmetry breaking.

Complementary to neutron and (non-) resonant x-ray diffraction.
Small crystals \V Spatial resolution V' Multipolar order
parameters \VV Strong neutron absorbers (e.g. Ir) V

Lower global structural symmetry revealed in Sr,IrQO,.
Supports perfect magneto-elastic locking.

Hidden parity-odd magnetic phase revealed in parent and
doped Sr,IrO, consistent with ®,, loop-current symmetry.
Not trivially tied to Neel order.

Possible relationship to pseudogap temperature?
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