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Why Iridates? 

J. Kim et al, PRL 108, 177003 (2012), J. Kim et al, Nat.Com 5, 4453 (2014), 
A.B.Harris et al,  PRB 69, 035107 (2004), R. Coldea et al,  PRL 86, 5377 (2001)
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Sr3Ir2O7

 Spin model

J. Kim, et. al., Phys. Rev. Lett. 109 (2012), M. Moretti Sala, et. al., Phys. Rev. B 92, 024405 (2015) 

 Dimer model 



 linear spin wave theory overestimates the
energy of the two-magnon peak:

Sr2IrO4 :
Sr3Ir2O7:

 strong Fano asymmetries: pseudospin-lattice 
coupling?

J. Kim, et. al., Phys. Rev. Lett. 109 (2012), M. Moretti Sala, et. al., Phys. Rev. B 92, 024405 (2015), 
H. Gretarsson, et. al., Phys. Rev. Lett. 116, 136401 (2016)

Experimental motivation:
Two-magnon Raman scattering on iridates

185 meV

162 meV



Experimental motivation: non-quenched lattice dynamics

Sr2IrO4

 Pseudospins rotating together with the 
octahedra under applied electric current

[G. Cao, et. al., Phys. Rev. Lett. 120, 017201 (2018)]



Experimental motivation: non-quenched lattice dynamics

Sr3Ir2O7

conventional anharmonic
phonon decay

L. Hu, et. al., Phys. Rev. B 99, 094307 (2019)

 Pseudospin-lattice 
coupling:

A1g optical phonon 
anomaly in ultrafast 
optical spectroscopy, 
negative thermal 
expansion 

==> Studying 
iridates under is 
very interesting!



Sr2IrO4 two-magnon Raman spectra

 Spin model

D. Pincini, et. al., Phys. Rev. B 96, 075162 (2017)

 Exact diagonalization

 Fleury-Loudon Raman scattering 
operator:

B2g:



Renormalizing exchange interaction constants

[In linear spin wave]



Sr2IrO4 two-magnon Raman spectra

 Spin model

D. Pincini, et. al., Phys. Rev. B 96, 075162 (2017)

 Exact diagonalization

 Fleury-Loudon Raman scattering 
operator:



Sr2IrO4 two-magnon Raman spectra

Exact Diagonalization, N=32

162 meV

H. Gretarsson, et. al., Phys. Rev. Lett. 116, 136401 (2016)

Raman Scattering



Sr2IrO4 two-magnon Raman spectra (strained)

A. Seo, , et. al. unpublished; E. Pärschke, et. al. unpublished; E. Paris, Y. Tseng, E. Pärschke, et. al. unpublished (2019)



Sr3Ir2O7

 Spin model

J. Kim, et. al., Phys. Rev. Lett. 109 (2012), M. Moretti Sala, et. al., Phys. Rev. B 92, 024405 (2015) 

 Dimer model 



Sr3Ir2O7 two-magnon Raman spectra

Exact Diagonalization, N=16

H. Gretarsson, et. al., Phys. Rev. Lett. 116, 136401 (2016)

Raman Scattering

185 meV



Exact diagonalization on Sr3Ir2O7: “Manually” dimerized

J1-J2 model 
(J1=0.093, J2 =0.119) + J1c=0.05 meV + J1c=0.15 meV



Sr3Ir2O7: first VS second neighbor interlayer interaction

+ J1c=0.05, 
J2c=0.02 meV+ J2c=0.02 meV+ J1c=0.05 meV

ED

J1-J2 model (J1=0.093, J2 =0.119)



Exact diagonalization on Sr3Ir2O7: “Manually” dimerized

 J1-J2 model 
(J1=0.093, J2 =0.119) + D=0.05 meV + D=0.05 meV

Dc=0.02 meV



Sr2IrO4 two-magnon Raman spectra

Exact 
Diagonalizatio
n 

H. Gretarsson, et. al., Phys. Rev. Lett. 116, 136401 (2016)

Raman Scattering

N=16

N=32

185 meV

162 meV

Sr2IrO4
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Conclusions and outlook

 For Sr2IrO4, the energy of the two-magnon Raman peak is lowered due to
magnon-magnon interaction and quantum fluctuations

 One can reproduce the changes in two-magnon Raman peak in strained Sr2IrO4

 For Sr3Ir2O7, two-magnon Raman peak position is governed by intrinsic 
interplay of the magnetic couplings - understanding interplay of those is a 
challenge

 Proper estimation of Zc for models beyond J1 Heisenberg is needed



 For Sr2IrO4, the energy of the two-magnon Raman peak is lowered due to
magnon-magnon interaction and quantum fluctuations

 One can reproduce the changes in two-magnon Raman peak in strained Sr2IrO4

 For Sr3Ir2O7, two-magnon Raman peak position is governed by intrinsic 
interplay of the magnetic couplings - understanding interplay of those is a 
challenge

 Proper estimation of Zc for models beyond J1 Heisenberg is needed

Thank you for your attention!



All you need to know about Sr2IrO4

J. Kim et al, PRL 108, 177003 (2012) & A.B.Harris et al,  PRB 69, 035107 (2004)

Single Ir4+ ion: 
1 hole in 5d (t2g) orbitals

Structure

Sr

O

Ir

5d

Ground state: j=1/2 antiferromagnet
Heisenberg model



Spin-orbit coupling in Ir3+: weak and strong limit

[arXiv:1802.04158]: E. Pärschke and R. Ray (2018)

(J = L + S) (J = j1 + j2)
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