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The materials with both strong
iInteraction and spin-orbital coupling:
5d compounds

@ Sr21rO4: Mott insulators with AF order

o A21r207: Pyrochlore lattice with possible
Weyl fermions

@ Na4lr308: frustrated spin system

@ Na2lrO3: Topological insulator?




challenge to the electronic structure
calculations

@ rotational invariant form of the local
Coulomb Interaction

o LDA+DMFT: sign problem mostly induced by
the spin orbital coupling

o LDA+Gutzwiller: generalized Gutzwiller
projector




outline of this talk

@ Two possible Mott insulators in 5d systems:
BaOsO3, NalrO3

@ Three band (t2g9) Hubbard model with spin
orbital coupling

@ two key gquestions: 1)How the nature of Mott
transition will be changed by SOC; 2) How
SOC will be changed by interaction

@ calculations for the realistic materials




New material: BaOsO3
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Conclusion from GGA+SOC+U
calculation for the both materials

@ The Insulating states in both materials can
only be obtained with GGA+SOC+U only
when U>7.0eV, which is highly unrealistic

o Hartree-Fock mean field theory can not
describe this featureless insulating state




The Crystal field splitting
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Two different schemes to couple the
orbital degree of freedom for many elect

JJ coupling LS coupling
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Three-band Hubbard Model Wlth SOC
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Many body techniques used here

@ Dynamical mean field theory (DMFT) with
continuous time gquantum Monte Carlo
method as impurity solver

@ Generalized Gutzwiller approximation




Rotational Invariant Gutzwiller Approximation

Gutzwiller variational wavefunction:

U6) = P|¥o) = | | PrITo)
R

T
f atomic hamiltonian Hy; I'): eigenstates
: . . N -

Y YN N Rp—pey |

= WA

(To|PTP|Tg) =1

(ol PTPnUa) = (Walne JUa) .




Total Energy In Gutzwiller Wavefunction:

E€ = Eg, + B, = (Ug|Ho|Ve) + (Vg|(Hy + Hso)|Pa)

tional Procedure(Fixed n° Algorithm): Gutzwiller varig
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The Lagrange parameters 1, come from Guztwiller Constraint.
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Insulator
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Figure: Energy and QuaS|part|cIe weight as function of 0 < 6n? <1 at
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The effective spin orbital coupling modified by




LDA+DMFT calculation for BaOsO3
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The phase diagram of NalrO3
obtained by LDA+Gutzwiller

Insulator 1 Insulator
Mott A Band




Conclusions and outlook

o Both BaOsO3 and NalrO3 are non-magnetic
Mott insulators with the formation of local
spin-orbital singlets

@ The exact cancelation of spin and orbital
moments

@ doping? Possible exotic superconducting state

@ magnetic solution?




