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ORBITAL-SELECTIVE METAL-INSULATOR TRANSITIONS
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Ca2-xSrxRuO4 (0.2 < x < 0.5): 
metallic phase with “magnetic” behaviour

Possible explanation:
magnetic- 
metallic



THEORETICAL APPROACHES TO OSMIT
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Majority of studies - local approximations to electronic correlations 
✤ Slave-spin approach or dynamical mean-field theory (DMFT) 

 Orbital-selective Mott transition (OSMT) - no symmetry breaking, no magnetic fluctuations⇒

“Magnetic” OSMIT - transition to the ordered magnetic phase 
✤ “Double-exchange” or “Hubbard-Heisenberg” models - explicit inclusion of the local magnetic moment 
✤ Cluster mean-field or dynamical cluster approximation (DCA) - local or short-range correlation effects 

[Phys. Rev. B 81, 220506(R) (2010); Phys. Rev. B 84, 020401(R) (2011); Phys. Rev. B 85, 035123 (2012)]

[Phys. Rev. B 85, 035123 (2012)]

?

(OSP - orbital-selective phase)

Conclusion: “OSPT is not sensitive to the strength of Hund’s rule coupling.  
Orbitals with distinct band dispersions are crucial for the OSPT, while different bandwidths  
alone will not support the existence of OSPT when magnetic order is considered.”
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DUAL TRILEX APPROACH

Computational workflow:

D-TRILEX self-energy and polarization operator beyond (E)DMFT:
depend on one momentum and one frequency (no Bethe–Salpeter eq.) 
no double-counting problem (Fierz ambiguity) between bosonic channels

 For TRILEX see: T. Ayral & O. Parcollet / PRB 92, 115109 (2015), PRB 93, 235124 (2016)

E.A.S. et al., PRB 100, 205115 (2019) 

V. Harkov et al., PRB 103, 245123 (2021); M. Vandelli et al., SciPost Phys. 13, 0366 (2022) 
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ORBITAL-SELECTIVE MOTT TRANSITION VS STRONG MAGNETIC FLUCTUATIONS

D-TRILEX: E.A.S., PRL 129, 096404 (2022)

Inverse of magnetic susceptibility at Q=( ):π, π, π

t12 = 0, βAFM = 8.75; t12 = 0.1, βAFM = 8.25

Hubbard model on a cubic lattice:

t11 = 1/6, t22 = 1/3

U = 2.4, J = 0.4

t12 = 0.0 or 0.1

DOS close to the Néel transition:

β = 8.2

    different bandwidths

    interorbital hopping

    Kanamori interaction

Effect of strong magnetic fluctuations: 
OSMT        Néel transition 

No orbital selectivity in the Néel transition !

Density at Fermi energy for narrow orb., and DOS:

DMFT: F. B. Kugler and G. Kotliar, PRL 129, 096403 (2022)

 - no OSMT 

[PRL 95, 066402 (2005)]:  - no OSMT

t12 = 0, βOSMT = 12; t12 ≠ 0
t12
local ≠ 0
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D-TRILEX: E.A.S., PRL 129, 096404 (2022)

t12 = 0, βAFM = 8.75; t12 = 0.1, βAFM = 8.25

Hubbard model on a cubic lattice:

t11 = 1/6, t22 = 1/3

U = 2.4, J = 0.4

t12 = 0.0 or 0.1

DOS close to the Néel transition:

β = 8.2

    different bandwidths

    interorbital hopping

    Kanamori interaction

Mechanism of the Néel transition: 
(if Hund’s exchange coupling )J ≠ 0

mixes orbital  
contributions to the  

spin susceptibility/W

couples diverging  
interaction to electrons  
of the metallic orbital

- diverging

Inter-orbital vertex corrections are important !

ORBITAL-SELECTIVE MOTT TRANSITION VS STRONG MAGNETIC FLUCTUATIONS

Effect of strong magnetic fluctuations: 
OSMT        Néel transition 

No orbital selectivity in the Néel transition !

Inverse of magnetic susceptibility at Q=( ):π, π, π
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ORBITAL-SELECTIVE NÉEL TRANSITION

Hund’s coupling J: 
* Acts as a band decoupler [Luca de’ Medici, PRB 83, 205112 (2011)] ( for single-particle quantities ! ) 
* Couples collective electronic excitations [E.A.S., PRL 129, 096404 (2022)]

No OSMIT found in our calculations !

[Phys. Rev. B 85, 035123 (2012)]

(OSP - orbital-selective phase)

Conclusion: “OSPT is not sensitive to the strength of Hund’s rule coupling.  
Orbitals with distinct band dispersions are crucial for the OSPT, while different bandwidths  
alone will not support the existence of OSPT when magnetic order is considered.”



8

ORBITAL-SELECTIVE NÉEL TRANSITION

Hund’s coupling J: 
* Acts as a band decoupler [Luca de’ Medici, PRB 83, 205112 (2011)] ( for single-particle quantities ! ) 
* Couples collective electronic excitations [E.A.S., PRL 129, 096404 (2022)] 
* J=0  decouples magnetic fluctuations in different orbitals 

Hubbard model on a cubic lattice with t1=1/6, t2=1/3 (different bandwidths)

OSNT, expectation from a single band picture: D-TRILEX picture:

TN DMFT: D. Hirschmeier et al., PRB 92, 144409 (2015) 
Magnetic moment: E.A.S. et al., PRB 105, 155151 (2022)

∼ t 2/U

∼
U eff

Even though magnetic fluctuations in different orbitals are 
decoupled, the local magnetic moment in narrow orbital 
can be Kondo screened by electrons from wide orbital !

?

E.A.S. & S. Biermann, arXiv:2305.16730 (2023)
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Conclusions: 
✤ Strong magnetic fluctuations suppress the orbital-selective Mott transition 

and result in the non-orbital-selective Néel transition 

✤ Hund’s exchange J couples magnetic fluctuations from different orbitals that 
are efficiently mixed via inter-orbital vertex corrections 

✤ For  a multi-orbital system with different bandwidths experiences the 
orbital-selective Néel transition for any value of the interaction 

✤ The local magnetic moment is formed simultaneously on different orbitals  

J = 0


