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Informal workshop on “Statistical field theory and related topics”
SISSA, 9-10 October 2015, room 005

Friday 9 Saturday 10

9:00 Pelissetto Vicari 

9:30 Caselle Ravanini

10:00 Mintchev Caracciolo

10:30 Coffee break

11:00 Cappelli Colomo

11:30 Gliozzi Giuliano

12:00 Tateo Gonnella

12:30 Lunch break

14:00 Silva Franchini

14:30 De Luca Alba

14:50 Burrello Cubero

15:10 Fioretto

15:30 Coffe break Departures

16:00 Tonni

16:20 Collura

16:40 Panfil

17:00 Squarcini

17:20 Konik

20:00 Social dinner
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Speaker Title Abstract

Alba,
Vincenzo

Simulating the Generalized Gibbs Ensemble (GGE): A Hilbert 
space Monte Carlo approach

By combining classical Monte Carlo and Bethe ansatz techniques we devise a 
numerical method to construct the Truncated Generalized Gibbs Ensemble 
(TGGE) for the spin-1/2 isotropic Heisenberg (XXX) chain. The key idea is to 
sample the Hilbert space of the model with the appropriate GGE probability 
measure. The method can be extended to other integrable systems, such as the 
Lieb-Liniger model. We benchmark the approach focusing on GGE expectation 
values of several local observables. As finite-size effects decay exponentially 
with system size, moderately large chains are sufficient to extract 
thermodynamic quantities. The Monte Carlo results are in agreement with both 
the Thermodynamic Bethe Ansatz (TBA) and the Quantum Transfer Matrix 
approach (QTM). Remarkably, it is possible to extract in a simple way the 
steady-state Bethe-Gaudin-Takahashi (BGT) roots distributions, which encode 
complete information about the GGE expectation values in the thermodynamic 
limit. Finally, it is straightforward to simulate extensions of the GGE, in which, 
besides the local integral of motion (local charges), one includes arbitrary 
functions of the BGT roots. As an example, we include in the GGE the first non-
trivial quasi-local integral of motion.

Burrello,
Michele

PT invariant Weyl semimetals in gauge symmetric systems Weyl semimetals typically appear in systems in which either time-reversal (T) or 
inversion (P) symmetry are broken. I will show that these gapless topological 
states of matter, characterized by the appearance of Weyl points, can also arise 
in fermionic systems preserving both T and P in the presence of gauge 
potentials. I will discuss the role of the gauge symmetry in their formation for 
both Abelian and non-Abelian gauge potentials and some of the main features 
of these systems.

Cappelli, 
Andrea

Field Theory Description of Topological States of Matter I introduce the topological states of matter, starting from the example of the 
quantum Hall effect. Then I discuss the massless edge states and their field 
theory description. Finally, I compare the ten-fold classification of non-interacting 
states with the characterization in terms of field theory anomalies.

Caracciolo, 
Sergio

A fresh view on the matching problem I will review some new results in the stochastic euclidean bipartite matching 
problem. First I will look at the simple one dimensional version, for which many 
exact results can be achieved. Afterwards, by discarding the discrete nature of 
the problem, as usual in a critical system, I will show how it is possible to resort 
to a continuous version for which analytical expressions for the minimum cost 
and correlation functions can be computed.

Speaker
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Caselle,
Michele

Hagedorn spectrum and thermodynamics of SU(N) Yang-Mills 
theories

We discuss the equation of state in the confining regime of SU(N) Yang-Mills 
theories in (2+1) and (3+1) dimensions. We show that the results are described 
very well by a gas of massive, non-interacting glueballs, provided one assumes 
that, in addition to the known particles lighter than the two-particle threshold, the 
theory features a physical spectrum described by an exponentially growing 
Hagedorn density, which can be modelled by a bosonic closed-string model.

Collura,
Mario

Quantum quench within the gapless phase of the XXZ spin-
chain

We consider the nonequlibrium unitary dynaimcs induced by suddenly swithcing 
on the interactions in the XXZ spin-1/2 chain. Although the model is integrable, 
and much effort has been spent in order to understand some of its equilibrium 
properties, still very little is known both for the exact time evolution and the 
stationary values of local observables after a quench, especially in the gapless 
phase. Anyhow, in thermodynamic equilibrium, the low-energy properties of the 
XXZ spin chain in the gapless phase are well described by the Luttinger model 
as it can be derived by bosonization of the spin chain Hamiltonian. Obviously, 
this effective low-energy description is expected to fail for the description of the 
quench dynamics since in changing a Hamiltonian parameter for a finite value, 
an extensive amount of energy is pumped into the system resulting in the 
population of eigenstates of the post-quench Hamiltonian which are not 
described by the Luttinger liquid approximation. However, it is still natural to 
wonder whether the simple results obtained for the quantum quench in the 
Luttinger model can effectively describe the non-equilibrium dynamics of the 
spin chain, at least in some parameter regimes and/or specific time windows. 
We adress this question by solving the dynamcis of the XXZ model by means of 
extensive iTEBD (infinite time-evolving block decimation) simulations. In 
particular, for spin-spin correlation functions we find a surprinsing agreement 
between exact numerical results and Luttinger model description.

Colomo,
Filippo

Artic curves and limit shapes in the six-vertex model The six-vertex model with domain wall boundary conditions can be regarded as 
an `interacting’ (but still exactly solvable) generalization of the famous `free-
fermion' problem of domino tilings of the Aztec Diamond. In a suitable scaling 
limit, it is known to exhibit  spatial phase separations, with the emergence of 
various regions of order and disorder, sharply separated by a smooth curve, 
called Arctic curve. Such phenomena, interesting per se, appear to be also 
closely related to light-cone effects in quantum quenches of the XXZ chain. Here 
we review the state of the art on the model, in particular: the determination of 
the explicit analytic form of the Arctic curve for arbitrary weights;  the 
generalization of the treatment to domains of generic shape; the third-order 
phase transition induced by suitable modification of the shape of the domain.

Title AbstractSpeaker
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Cubero, 
Axel

Out of Equilibrium Dynamics in 2d Supersymmetric Models Supersymmetry is known to be generally broken by thermal effects in higher 
dimensions. This symmetry can be broken either by a nonzero temperature at 
equilibrium, or by a quantum quench. We propose that this situation is 
drastically different in two dimensions. We show how to construct initial 
boundary states that preserve supersymmetry for integrable field theories. In 
particular, we show supersymmetric quenches are possible for the sine Gordon 
model (at a specific value of the coupling constant) and the tricritical Ising 
model. We then discuss the difficulties of constructing a supersymmetric 
generalized Gibbs ensemble, which includes fermionic conserved charges, and 
describes the long time limit after a supersymmetric quench.

De Luca,
Andrea

From the quantum quenches to the microwave refrigerator The study of many-body quantum eigenstates has recently revealed a novel 
dynamical transition, dubbed many-body localization, intimately related to the 
mechanism of quantum thermalization and resulting from the competition 
between disorder and interaction. When the disorder becomes sufficiently 
strong, ergodicity is not ensured and standard thermodynamics does not apply. 
Here, we show manifestations of the weak/strong disorder regime in an open 
and driven quantum system. We consider a minimal model for Dynamic Nuclear 
Polarization (DNP), the most effective technique in NMR to increase nuclear 
polarization by doping a compound with unpaired electrons. These electron 
spins are subject to random fields and dipolar couplings, and are driven out-of-
equilibrium by microwave irradiation. We show the emergence of two distinct 
dynamical phases: for strong interactions the irradiated electron spins behave 
as a thermal bath, cooling down the nuclear spins to their extremely low 
effective temperature. For weak interaction, hyperpolarization loses efficiency 
and the description in terms of an effective temperature breaks down.

Fioretto, 
Davide

Quasi-soliton scattering in quantum spin chains The quantum scattering of magnon bound states in the anisotropic Heisenberg 
spin chain is shown to display features similar to the scattering of solitons in 
classical exactly solvable models. Localized colliding Gaussian wave packets of 
bound magnons are constructed from string solutions of the Bethe equations 
and subsequently evolved in time, relying on an algebraic Bethe ansatz based 
framework for the computation of local expectation values in real space-time. 
The local magnetization profile shows the trajectories of colliding wave packets 
of bound magnons, which obtain a spatial displacement upon scattering. 
Analytic predictions on the displacements for various values of anisotropy and 
string lengths are derived from scattering theory and Bethe ansatz phase shifts, 
matching time evolution fits on the displacements. The time evolved block 
decimation (TEBD) algorithm allows for the study of scattering displacements 
from spin-block states, showing similar scattering displacement features.

Title AbstractSpeaker
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Franchini,
Fabio

Ergodicity breaking in invariant matrix models We introduce the study of the eigenvectors of a random matrix. Traditionally, the 
requirement of base invariance has lead to the conclusion that invariant models 
describe extended systems. We show that deviations of the eigenvalue statistics 
from the Wigner-Dyson universality reflects itself on the eigenvector distribution.
In particular, gaps in the eigenvalue density spontaneously break the U(N) 
symmetry to a smaller one. Models with log-normal weight, such as those 
emerging in Chern-Simons and ABJM theories, break the U(N) in a critical way, 
resulting into a multi-fractal eigenvector statistics. These results pave the way to 
the exploration of localization problems using random matrices via the study of 
new classes of observables and potentially to novel, interdisciplinary, 
applications of matrix models.

Giuliano,
Domenico

Fermionic renormalization group approach to junctions of 
strongly interacting quantum wires

We construct a generalized Fermionic Renormalization Group approach to 
describe junctions of strongly interacting spinful one-dimensional quantum 
wires. Our approach is based on a combined use of bosonization and 
fermionization techniques to build nonlocal transformations between dual 
fermion operators. It allows for trading strongly interacting (in the original 
coordinates) fermionic Hamiltonian for weakly interacting (in the dual 
coordinates) ones. Using such an approach, on one hand we are able to 
pertinently complement the results about the phase diagram of the junction 
obtained within bosonization approach, on the other hand, we map out the full 
crossover of the conductance tensors between any two fixed points in the phase 
diagram connected by a renormalization group trajectory.

Gliozzi,
Ferdinando

The algebra of the  conformal bootstrap The conformal blocks  saturating a truncated set of bootstrap equations obey 
some additional relationships suggesting  an underlying symmetry larger than 
the conformal one. The case of d-dimensional scalar free field theory is worked 
out explicitly.

Title AbstractSpeaker
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Gonnella,
Giuseppe

Diffusion, fluctuations and coarsening in an active dumbbell 
system

Active matter refers to systems driven out of equilibrium by internal energy 
sources continuously transformed into movement or work on the enviroment. 
These  systems  exhibit many peculiar properties not present in their passive 
counterparts, like clustering, anomalous diffusion and fluctuations, unexpected 
rheological properties. Here, we will  review the results obtained from the study 
of   a two-dimensional system of active dumbbells, introduced as a paradigmatic 
example of a system of   non symmetrical brownian  particles with self-
propulsion. Each dumbbell is composed by two colloids kept together by a rigid 
spring, with an excluded volume interaction modeled through a Weeks-
Chandler-Anderson (WCA) potential. They are  immersed in an implicit solvent 
modeled by the Langevin equation. The activity or self-propulsion  is modeled by 
a constant force acting on the principal direction of the dumbbell. We find that 
activity  triggers a nonequilibrium phase separation if the density exceeds a 
critical threshold and if the Peclet number is high enough. We study the kinetics 
of the aggregates of dumbbells in the phase separated region. The clusters 
spontaneously break chiral symmetry and rotate; they also display a nematic 
ordering with spiral patterns. We can also determine the growth law for the size 
of these clusters. On the other hand, for the  phase without aggregation, we 
determine the translational and rotational diffusion properties. Different regimes 
can be observed, depending on the combination of the random noise, the 
activity and the density of the system. These results can be compared with 
experimental results  found in bacterial suspensions. Unusual increase with 
density of the  rotational diffusion  is also found and explained as due to particle 
clustering. Large deviation functions for dumbell velocities have been finally  
determined showing the appearance of non-singular behaviour.

Konik,
Robert

Quantum stutter: arrested expansion without a lattice and 
impurity snaking

We consider the real time dynamics of an initially localized distinguishable 
impurity injected into the ground state of the Lieb-Liniger model. Focusing on 
the case where integrability is preserved, we numerically compute the time 
evolution of the impurity density operator in regimes far from analytically 
tractable limits. We find that the injected impurity undergoes a stuttering motion 
as it moves and expands. For an initially stationary impurity, the interaction-
driven formation of a quasibound state with a hole in the background gas leads 
to arrested expansion -- a period of quasistationary behavior. When the impurity 
is injected with a finite center of mass momentum, the impurity moves through 
the background gas in a snaking manner, arising from a quantum Newton's 
cradle-like scenario where momentum is exchanged back-and-forth between the 
impurity and the background gas.

Title AbstractSpeaker
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Mintchev,
Michele

Non-equilibrium quantum transport and quantum "heat engines” We investigate the particle and heat transport in quantum junctions with the 
geometry of star graphs. The system is in a non-equilibrium steady state, 
characterized by the temperatures and chemical potentials of the heat 
reservoirs connected to the edges of the graph. Although the total energy is 
conserved in this state, the heat and chemical potential energies are not 
separately conserved, which gives rise to a transmutation process among them. 
We study this process in detail, introducing appropriate efficiency coefficients. 
For scale invariant interactions in the junction our results are exact and explicit. 
The energy transmutation depends on the particle statistics.

Panfil,
Milos

Constructing generalised Gibbs ensembles for quantum field 
theories

I will consider the non-equilibrium dynamics in isolated systems, described by 
quantum field theories (QFTs). After being prepared in a density matrix that is 
not an eigenstate of the Hamiltonian, such systems are expected to relax locally 
to a stationary state. In a presence of local conservation laws, these stationary 
states are believed to be described by appropriate generalized Gibbs 
ensembles. I will demonstrate that in order to obtain a correct description of the 
stationary state, it is necessary to take into account conservation laws that are 
not (ultra-)local in the usual sense of QFT, but fulfil a significantly weaker form of 
locality. I will discuss implications of our results for integrable QFTs in one 
spatial dimension.

Pelissetto, 
Andrea

Exact results for the Ising chain and the 2D Ising model in the
presence of boundary fields

We consider the 1D Ising chain in a transverse magnetic field on a line of finite 
length L. We consider magnetic fields of arbitrary orientation and amplitude on 
the boundaries. We show that one can exactly compute the spectrum of the 
model as a function of the boundary fields. We use these results to determine 
the finite-size scaling (FSS) behavior of the energy gap at the critical point. We 
also consider the quantum ferromagnetic phase. In this case, we identify a line 
of continuous transitions, which correspond to the wetting transition in the 
classical context. Here, we are able to compute exactly, beside the FSS 
behavior of the gap, also that of the magnetization and of the two-point 
correlation function of the order parameter. These results are consistent with the 
numerical ones obtained in the literature for the 2D classical Ising model.

Title AbstractSpeaker



Page �  of �8 9

Ravanini, 
Francesco

Entanglement Entropy from Corner Transfer Matrix in Forrester 
Baxter  non-unitary RSOS models

Using a Corner Transfer Matrix approach, we compute the bipartite 
entanglement R\'enyi entropy in the off-critical perturbations of non-unitary 
conformal minimal models realised by lattice spin chains Hamiltonians related to 
the Forrester Baxter RSOS models in regime III. This allows to show on a set of 
explicit examples that the R\'enyi entropies for non-unitary theories rescale near 
criticality as the logarithm of the correlation length with a coefficient proportional 
to the effective central charge. This complements a similar result, recently 
established for the size rescaling at the critical point, showing the expected 
agreement of the two behaviours. We also compute the first subleading unusual 
correction to the scaling behaviour, showing that it is expressible in terms of 
expansions of various fractional powers of the correlation length, related to the 
differences $\Delta-\Delta_{\min}$ between the conformal dimensions of fields in 
the theory and the minimal conformal dimension. Finally, a few observations on 
the limit leading to the off-critical logarithmic minimal models of Pearce and 
Seaton are put forward.

Silva, 
Alessandro

Dynamical phase transitions and statistics of excitations. Dynamical phase transitions can occur in isolated quantum systems that are 
brought out of equilibrium by either a sudden or a gradual change of their 
parameters. Theoretical examples rage from the behaviour of the O(N) model in 
the large N limit as well as spin-model with long range interactions, both 
showing dynamical criticality in their prethermal steady-states. In this talk I will 
start by discussing the characterization of such dynamical phase transitions 
based on the statistics of produced excitations. I will focus both on the role of 
fluctuations as well as on the difference between sudden and gradual changes 
of the parameters. Finally, I will discuss a second type type of dynamical 
criticality discussed in the literature, related to the emergence of zeroes in the 
Loschmidt amplitude, and show that this phenomenon is much less generic and 
robust than standard dynamical criticality.

Squarcini,
Alessio

Phase separation and vicious walkers in a wedge We give the exact theory of phase separation in a planar wedge, the prototypical 
example for the effects of substrate geometry on interfacial properties. We 
consider the basic case of a single interface, as well as that allowing for an 
intermediate wetting layer of a third phase. Using low energy properties of two-
dimensional field theory we determine order parameter profiles and passage 
probabilities for interfaces with endpoints on the boundary. The fundamental 
origins of the wedge filling transition and of the property known as wedge 
covariance are explained. We also show that the interfaces enclosing an 
intermediate phase behave as trajectories of vicious walkers, whose passage 
probability emerges from an interesting mathematical structure involving self-
Fourier functions.

Title AbstractSpeaker
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Tateo, 
Roberto

A new approach to the  finite temperature Hubbard model Inspired by recent results in the context of AdS/CFT integrability, we reconsider 
the Thermodynamic Bethe Ansatz equations describing the 1D fermionic 
Hubbard model at finite temperature. We prove that the infinite set of TBA 
equations are equivalent to a simple nonlinear Riemann-Hilbert problem for a 
finite number of unknown functions and propose an high-precision  numerical 
approach for its solution.

Tonni, 
Erik

Entanglement negativity in conformal field theories Logarithmic negativity is a measure of entanglement for bipartite mixed states. 
We discuss the computation of the logarithmic negativity in quantum field theory 
through a replica limit method. We provide both analytic and numerical  results 
for simple 2D CFTs like the compact boson, free fermion and Ising model.

Vicari,
Ettore

Scaling phenomena at first-order quantum transitions In my talk I discuss some aspects of first-order quantum transitions 
characterized by discontinuities of the infinite-volume ground-state, focussing on 
the peculiar scaling phenomena arising when finite-size systems are 
considered. First-order quantum transitions show finite-size scaling similarly to 
continuous quantum transitions.  I present results on the role of boundaries and/
or defects, which may drive bulk continuous transitions at the coexistence curve. 
Moreover, I discuss the effects of (smoothly) inhomogeneous external conditions 
and (slow) time variations of the driving parameters, which lead to off-
equilibrium behaviors across the transition.
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