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Undetermined intermediate
phase can be interpreted as two-
phase region of dB1 and B8

Conceptual phase diagram for MnO
based on existing experimental data

MnO - experimentalMnO - experimental
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Program & QuestionsProgram & Questions

Program: investigation of paramagnetic MnO in NaCl
structure at various specific volumes

Questions:

• Moment collapse? Mott transition? PES-BIS spectra?

• Moment collapse / Mott transition independent or
related?

•  Mott transition mechanism? Bandwidth or crystal
field?

• Volume collapse? Total energies => p - V curve



Computational method (LDA+DMFT)Computational method (LDA+DMFT)

DMFT (QMC) ; T~1160 K

Unpolarized LDA (LMTO)

9-band p-d Hamiltonian

ΣkH0(k)+ΣRUij(U,J)nRinRj

Spectral densities

WF projection

Double-counting
correction

Constrained LDA
U, J
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DMFT (QMC) resultsDMFT (QMC) results



Magnetic moment vs volumeMagnetic moment vs volume

No change down to vc=0.68

At vc:  t2g gap closes

Fluctuations increase dramatically
 in metallic phase at/below Pc

Orbital occupations follow
the atomic scenario of J vs Δcf 
competition



Magnetic moment vs volumeMagnetic moment vs volume

No change down to vc=0.68

At vc:  t2g gap closes

Fluctuations increase dramatically
 in metallic phase at/below pc

Orbital occupations follow
the atomic scenario of J vs Δcf 
competition

Increasing J => shifts the transition



Spectral density at ambient pressureSpectral density at ambient pressure

XPS/BIS (van Elp et al.
PRB 44, 1530 (1991) ) 
vs
Mn-3d spectral density:
(U=6.9 eV, J=0.86 eV)



Pressure induced metallizationPressure induced metallization
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Pressure induced metallizationPressure induced metallization

Correlation effects weaker in LS



Conclusions IConclusions I

 Moment collapse?  Yes

 Mott transition? Yes

 PES-BIS spectra? Yes

• Moment collapse and Mott transition happen simultaneously.

• Mott transition is ‘orbital selective’.

Remains to answer:

Mott transition mechanism? Bandwidth or crystal field?

Crystal-field

Argument: J-dependence of the transition (J=0  => LS metallic
state at v=0.8)



Conclusions IConclusions I

• Why is HS insulating and LS metallic?

 Effective Ueff=E(dn+1)+E(dn-1)-2E(dn) :

    Ueff(HS) ~ 10.3 eV >> Ueff(LS) ~ 5.9 eV

 p - eg hybridization provides effective screening channel in LS
state

Werner & Millis 2-band model: arxiv/0704.0057



Total energiesTotal energies
p - V curvep - V curve



Volume collapseVolume collapse

Etot=ELDA+(EDMFT - EHF) p=-dE/dV



Conclusions IIConclusions II

• Total energy calculation requires additional ansatz about

   energy functional

 E - V is not convex => volume collapse

 transition pressure pc ~ 120 GPa

The Mott transition in MnO is controlled by
competition between Hund’s coupling and

crystal-field splitting.
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