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Introduction
The effect of strong electron-electron interaction, which leads to a tendency
towards the formation of various broken symmetry ground states, has been
a central problem of the solid state physics in the last half century. Our dc
transport and optical studies have demonstrated that electron correlations
play a crucial role in each phase of BaVS3 .
At ambient pressure this material undergoes a transition from a hightemperature paramagnetic “bad metal” phase to a singlet insulator state
at TM I = 70 K. Suitable microscopic description of these phases can only
be provided by involving orbital physics. In the last decade a new type of
ordering, called orbital order has been observed in a broadening range of
materials, namely in manganese, nickel and vanadium oxides. This phenomenon appears in systems having degenerated orbital levels and results
in a periodic pattern of the occupation of the different shaped orbitals over
the lattice. Indirect evidences suggest the presence of such an order in the
ground state of BaVS3 .

Objectives
The aim of my Ph.D. work was to explore the “magnetic field – pressure
– temperature” phase diagram of a vanadium based correlated d-electron
compound, the BaVS3 .
The metal to insulator transition is highly sensitive to the applied hydrostatic pressure. The insulating phase can be completely suppressed
by experimentally available pressures and at low temperature a quantum
phase transition can be induced. This quantum critical region is manifested in the non-Fermi liquid behaviour of the transport properties. The
pressure or composition induced quantum phase transitions are among the
hot problems of our days’ solid state physics.
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The collective behaviour of the electron system is present in every phase
of BaVS3 , therefore a good understanding of the different states would be
valuable for strong correlation physics, in general.

New scientific results
1. On the basis of the resistivity, thermoelectric power and infrared spectroscopy measurements performed at the ambient pressure in the hightemperature phase of BaVS3 , I have demonstrated that the system
is situated at the edge of the metallic state with a strong tendency
towards localization. Transport and optical properties demonstrate
that the electrons have anomalously short lifetime (the mean free
path is very close to the lattice constant) and large effective mass
(m∗ ≈ 7me− ) [1, 2]. Conduction anisotropy measurements have shown
that the transport mechanism is nearly isotropic [1]. Based on the
results of the thermoelectric power experiments I estimated the bandwidth to be Wef f ≈ 4000 K= 0.34 eV. The on-site Coulomb repulsion
for d orbitals is U ≈ 1 eV. Thus the relative strength of the correlation,
U/Wef f in BaVS3 is close to unity.
2. I have shown that the metal to insulator transition, which occurs at
TM I = 70 K, is of second order at ambient pressure [3]. The argumentation is based on the analysis of the low-field H − T phase boundary
determined by magnetoresistance measurements and the comparison
of the magnetic susceptibility and specific heat anomalies reported
in the literature. This statement has recently got direct evidence by
the observation of the structural component of the transition in X-ray
experiments.
3. I have explored the p − T phase boundary both by transport and infrared conductivity experiments [4, 5]. For the optical studies I have
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developed a pressure cell which is applicable up to 30 kbar and allows investigations also in the long wavelength, far-infrared region.
The metal-insulator transition is suppressed under hydrostatic pressure with a rate of ∼ 3.5 K/kbar. The second order transition line
extends up to at least p = 19 kbar, where the transition temperature
is reduced to TM I = 7.5 K.
4. I have proposed that the metal-insulator transition is an orbitally
driven spin-Peierls-like transition. The reduced H − T phase boundary of the singlet insulator (when H and T are measured in the units
of the zero field transition temperature) is independent of pressure
and agrees well with the universal phase diagram of the spin-Peierls
systems [3]. The spin gap, which is the order parameter of the singlet insulator, is derived from magnetoresistance measurements as
a function of pressure in the range of p = 0 − 15 kbar [3]. Its is
∆s ≈ 250 K at ambient pressure and satisfies a scaling relationship:
∆s (p) ≈ 3.6 · kB TM I (p), where the scaling factor is close to the BCS
value.
5. I have determined the charge gap of the insulating phase both by dc
transport and infrared conductivity measurements at various pressures
up to p = 18 kbar [5]. It is ∆ch ≈ 750 K at ambient pressure and it
also scales with the transition temperature according to ∆ch (p) ≈
10 · kB TM I (p). The charge excitations are of much higher energy than
the spin excitations. Their scale is related to the on-site Coulomb
repulsion, since they are accompanied with a double occupation on
the vanadium sites. In contrast, the energy needed to break up of
singlet pairs, which does not necessarily result in double occupancy,
is determined by the exchange coupling.
6. At high pressures, when the transition temperature is sufficiently re4

duced, I have observed the magnetic field induced collapse of the second order phase boundary. At p = 19 kbar, the metal to insulator
transition becomes first order at a critical magnetic field of Bc ≈ 6 T.
The appearance of a first order phase boundary in the presence of a
magnetic field is characteristic of spin-Peierls systems.
7. The insulating phase is completely suppressed at p = 22.5 kbar and
the metallic state extends to zero temperature. At a certain pressure between p = 19 kbar and 22.5 kbar, a quantum phase transition
occurs at zero temperature from the singlet insulator to the paramagnetic metal [4, 6]. The quantum fluctuations become strong enough
to destroy the singlet phase. In the vicinity of the critical pressure,
the fluctuations enhance the electron-electron scattering over an extended range of temperature. This results in a power-law behavior
of the resistivity ρ ∝ T α with an unusual exponent α < 2. In our
case α ≈ 1.25 and the power-law holds from T = 1 K to 40 K. Such
a phenomenon has been known to be present in systems close a ferromagnetic or antiferromagnetic critical point, but not in a singlet
insulator.
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Mihály
Pressure dependence of the spin gap in BaVS3
Phys. Rev. B, Rapid Communications 63, 81106 (2001)
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BaVS3 : from spin gap insulator to non Fermi liquid
Physica B 312, 694 (2002)
Additional publications:
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Power law field dependence of the 2D magnetoresistance in (TMTSF)2PF6
Journal de Physique IV France 9, Pr10-235 (1999)
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