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P42 – 2.5-index conditions in a
variational density matrix study of the
one-dimensional Hubbard model

Brecht Verstichel
Department of Physics and Astronomy, Center for
Molecular Modeling, Ghent University

In recent years a lot of research has been aimed at
determining the second-order density matrix directly
through a variational optimization [Phys. Rev. A 80,
032508 (2009)]. This is an appealing technique be-
cause one can determine all ground-state properties
without reference to the wave function. The problem
is that one has to find N-representability conditions
to force the density matrix to be physical, i.e. deriv-
able from a N-particle wave function. We have applied
this technique to the one-dimensional Hubbard model
and found that the standard two-index conditions are
not strong enough in the strong correlation limit be-
low half filling. The three-index conditions, which are
computationally much more expensive, are needed to
correctly describe this region. In an effort to obtain
the same accuracy as with three-index condition, but
at the same time keeping the program computionally
tractable, we directly determine the three-body den-
sity matrix with the third index diagonal. This object
contains the necessary three-particle information but
all the calculations are still done on two-particle space.
We derived new constraints for this object, called the
2.5-index constraints, and found that these get the
same level of accuracy as the three-index conditions,
while requiring much less computational resources.

P43 – Fermionic correlations: ground
state and dynamical properties of
two-dimensional 3He

Ettore Vitali
Dipartimento di Fisica, Universita’ degli Studi di
Milano, Via Celoria, 16 20133 Milano, Italy

We have performed a Quantum Monte Carlo study
of a two-dimensional bulk sample of interacting 1/2-
spin structureless fermions, a model of 3He adsorbed
on a variety of preplated graphite substrates (M.
Nava, E. Vitali, A. Motta, D.E. Galli and S. Mo-
roni, arXiv:1103.0915 (2011)). We explored, in a quite
large range of densities, the behavior of the model sys-
tem using both the standard fixed-node approximate
technique and an exact methodology (introduced in
G. Carleo et al., Phys. Rev. B 83, 060411 (2011)).
Such a methodology relies on bosonic imaginary-time
correlation functions, providing fermionic eigenstates
as excitations over the bosonic ground state in a big-
ger Hilbert space, not imposing quantum statistics; it
does not suffer of the famous sign problem, but re-
quires to pay the fee of inverting Laplace transform
in ill-posed conditions. We have faced such a problem
via the Genetic Inversion via Falsification of Theories
(GIFT) methodology, (E. Vitali, M. Rossi, L. Reatto

and D. E. Galli, Phys. Rev. B 82, 174510 (2010)). We
have performed both ground state and excited state
calculations. We have studied in particular the depen-
dence of the energy on the spin polarization, which is
very interesting since experimental data show a Fermi
liquid which, as the density increases, undergoes a
quantum phase transition signalised by a divergence of
the effective mass and of the magnetic susceptibility.
We found that, at high density, the unbiased method-
ology provides a different behavior with respect to the
fixed-node level of the theory. The energy curves are
consistent with a divergence of the susceptibility pre-
ceeding or coinciding with the crystallization. The
unbiased methodology can also be naturally general-
ized to study dynamical properties of the Fermi sys-
tem, suitably defining the excitation operators in the
bosonic imaginary-time correlation functions; in par-
ticular we have focussed on density fluctuations in
the system, providing an in principle exact estima-
tion of the dispersion relation of zero-sound mode in
the Fermi liquid; this is particularly interesting since
such a mode has been recently measured for the first
time in 3He quasi two-dimensional samples (H. God-
frin et al., J. Low. Temp. Phys. 158, (2010)). We
found very close agreement with experimental data.
Finally we suggest a way to build up a variational es-
timation of the dynamical structure factor of Fermi
sample exploiting the above mentioned methodology;
for the 2d 3He case the results we have obtained are in
good agreement with experimental data from neutron
scattering.

P44 – Cauchy violation in solid 4He
Silvio Vitiello
Instituto de Fisica GW Unicamp

The five independent elastic constants of solid
helium-4 were estimated using a reliable model wave
function. Investigations of a Cauchy relation show a
violation through a large peak near the density where
the observed non-classical rotational inertia (NCRI)
has as well a maximum. Implications of these results
for the NCRI and for the stiffening of the shear mod-
ulus, when the supersolidity appears, are discussed.

P45 – Molecular diffusion in the
neutron total cross-section of liquid
light water at different temperatures
A.D. Viñales, J. Dawidowski
Centro Atomico Bariloche and Instituto Balseiro,
CNEA, 8400 Bariloche, Argentina

Recently we have presented a model that describes
the neutron total cross-section for liquids and showed
its application to light water at room temperature,
obtaining a good description at the range of neu-
tron energies where diffusive processes are manifest.
In this work we employ the model to describe the
neutron total cross sections of light water at differ-
ent temperatures (from 24 to 60 C ). The diffusion
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