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Title: Integrable stochastic interacting systems
Abstract: Stochastic interacting particle systems show many intriguing phenomena due to the
interaction among particles and have wide applications in various fields of science, but in general
it is quite difficult to study their properties in detail. Over the last few decades, however, it
has been gradually recognized that certain stochastic interacting particle systems can be solved
exactly, meaning that they admit explicit calculations of various probabilities and expectation
values, and behind this tractability lies the integrability of these systems. In particular there have
been remarkable progress in the understanding of growth and transport models in the Kardar-
Parisi-Zhang (KPZ) universality class, which have turned out to have deep connections with random
matrix theory, representation theory, special functions and so on.

In these lectures, we will explain these developments, mainly focusing on the models in the
KPZ class. In the first lecture, we introduce one of the most fundamental models on the subject,
the asymmetric simple exclusion process (ASEP) and explain the connection between its totally
asymmetric version (TASEP) and random matrix theory [1, 2]. In the second lecture we introduce
various models and discuss their integrability [3]. In the third lecture we introduce the notion
of stochastic duality and explain its relation to the replica approach of using moments [4, 5, 6].
Then we elucidate how an exact formula for ASEP can be obtained by combining the duality and
integrability of the model. In the fourth lecture we explain our approach introduced in [7], which
does not rely on the moment calculation. We emphasize that the method can be applied to many
models in parallel, including the stationary situation. In the last lecture we discuss our recent
extension of the techniques to study a two species exclusion process [8]. The implications to the
nonlinear fluctuating hydrodynamics, which was proposed recently by H. van Beijren and H. Spohn,
is also explained. Lastly we discuss some outstanding problems.
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Titles and Abstracts for Other Speakers

(1) Sunil Chhita, Durham University.
Title: A (2+1)-dimensional Anisotropic KPZ growth model with a smooth phase.
Abstract: Stochastic growth processes in dimension (2+1) were conjectured by D. Wolf,
on the basis of renormalization-group arguments, to fall into two distinct universality classes
known as the isotropic KPZ class and the anisotropic KPZ class (AKPZ). The former is
characterized by strictly positive growth and roughness exponents, while in the AKPZ class,
fluctuations are logarithmic in time and space. These classes are determined by the sign of
the determinant of the Hessian of the speed of growth.

It is natural to ask (a) if one can exhibit interesting growth models with ”smooth” sta-
tionary states, i.e., with O(1) fluctuations (instead of logarithmically or power-like growing,
as in Wolf’s picture) and (b) what new phenomena arise when the speed of growth is not
smooth, so that its Hessian is not defined. These two questions are actually related and in
this talk, we provide an answer to both, in a specific framework. This is joint work with
Fabio Toninelli (CNRS and Lyon 1).

(2) Sakuntala Chatterjee, S.N.Bose National Centre for Basic Sciences.
Title: SDynamics of coupled modes for sliding particles on a fluctuating landscape.
Abstract: We study a system of hardcore particles sliding on a fluctuating potential energy
landscape, whose dynamics follows KPZ equation. While the particles slide down along the
local slope of the landscape and tend to settle in the local valleys, they also modify the
local dynamics of the landscape around their positions. By tuning the coupling parameters
between the landscape and the particles, we derive a phase diagram for the system which
consists of various kinds of nonequilibrium ordered and disordered phases. In this talk, I
will mainly focus on the dynamics in the disordered phase. The coupled dynamics of the
two conserved fields, viz. the density of the sliding particles, and the local tilt or height
gradient of the landscape, gives rise to various different universality classes in the system
and we aim to use the formalism of non-linear fluctuating hydrodynamics to unravel them.
However, even in the disordered phase the system does not satisfy product measure and
shows short-ranged correlations. The exact steady state measure is not known and we do
not have exact expressions for the particle and tilt currents. Therefore, we use approximate
expressions for the currents within mean field theory and check our predictions against
numerical simulations. Among the non-KPZ universality classes, we observe 5/3 Levy,
diffusive and modified KPZ for different parameter values. Although our analytics predict
golden mean and 3/2 Levy as well, we are not able to observe them in our simulations
because of strong finite size effects.

(3) Shirshendu Ganguly, UC Berkeley.
Title: Fractal Properties of Coupled Polymer Weight Profiles via Coalescence of Geodesics.
Abstract: In this talk we will discuss initial outcomes of a program to understand fractal
properties of coupled polymer weight profiles in (1+1)-dimensional Brownian Last Passage
Percolation, based on coalescence of geodesics, the Brownian Gibbs property and other
geometric tools.

As a consequence, one obtains results about the the so called Airy Sheet A(x, s, y, t): a
four parameter random field conjectured to be the scaling limit of polymer weights between
(x, s) and (y, t) which has recently been constructed.

(4) Eunghyun Lee, Nazarbayev University.
Title: Some exact formulas in the integrable particle models with multi-species.
Abstract: In this talk, we treat the extensions to the multi-species version of some particles
models in the integrable probability. We will see how to check the integrabilities of the
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models and how to find the transition probabilities. In particular, we extend Chatterjee
and Schütz’s result (2010, JSP) on the TASEP with second class particles which gives some
determinantal formulas to the ASEP with multi-species.

(5) Mustazee Rahman, KTH.
Title: On shocks in TASEP.
Abstract: The TASEP particle system runs into traffic jams when the initial particle
density increases in the direction of flow. It serves as a microscopic model of shocks in
Burgers’ equation. I will describe work with Jeremy Quastel on a specialization of the
TASEP shock, where we identify the microscopic shock process by using determinantal
formulae for the correlation functions of particles. The process is described in terms of
the Tracy-Widom laws, and, interestingly, our proof relies on connections to stochastic
integrable systems that arise within KPZ models.

(6) Sanjay Ramassamy, ENS.
Title: Dimers and circle patterns.
Abstract: The dimer model is a model from statistical mechanics corresponding to random
perfect matchings on graphs. Circle patterns are a class of embeddings of planar graphs such
that every face admits a circumcircle. In this talk I describe a correspondence between dimer
models on planar bipartite graphs and circle pattern embeddings of these graphs. As special
cases of this correspondence we recover the Tutte embeddings (a.k.a harmonic embeddings)
for resistor networks and the s-embeddings for Ising models. This correspondence is also
the key for studying Miquel dynamics, a discrete integrable system on circle patterns. This
is joint work with Richard Kenyon (Brown University), Wai Yeung Lam (Brown University)
and Marianna Russkikh (University of Geneva).

(7) Herbert Spohn, TU Munich.
Title: Generalized Hydrodynamics and the classical Toda chain.
Abstract: In the context of integrable quantum many-body systems, much progress has
been achieved in deriving and analysing the infinite set of coupled local conservation laws
constituting ”generalized hydrodynamics”. In my presentation I will outline the scheme for
the classical Toda chain exploring unexpected connections to random matrix theory.

(8) Nikolaos Zygouras, University of Warwick.
Title: The two-dimensional KPZ and other marginally relevant disordered systems.
Abstract: In joint works with Francesco Caravenna and Rongfeng Sun we have initiated a
program of studying scaling limits of disordered systems, where disorder has a marginally
relevant effect. In the language of stochastic analysis and renormalisa- tion theory this
corresponds to studying randomly perturbed models at the critical dimension. One such
model is the two-dimensional KPZ equation. A consequence of our previous works has been
that the two-dimensional KPZ with the noise mollified in space on scale ε and scaled as
β̂/

√
|logε| undergoes a phase transition with an explicit critical point β̂c =

√
2π. In a more

recent work we show that the solution to the mollified and renormalised equation has a
unique limit in the entire subcritical regime β̂ ∈ (0, β̂c), which we have identified as the
solution to an additive Stochastic Heat Equation, establishing so-called Edwards-Wilkinson
fluctuations.



4 UNIVERSALITY IN RANDOM STRUCTURES: INTERFACES, MATRICES SANDPILES

Short Talk Sessions

(1) Terrence George, Brown University.
Title: Spectra of biperiodic planar networks.
Abstract: A biperiodic planar network is a pair (G, c) where G is a graph embedded on
the torus and c is a function from the edges of G to non-zero complex numbers. Associated
to the discrete Laplacian on a biperiodic planar network is a pair (C, S) called the spectral
data, where C is a curve and S is a divisor on it. We give a complete classification of
networks (modulo a natural equivalence) in terms of their spectral data. The space of
networks has a large group of automorphisms arising from the Y −∆ transformation, each
of which gives a discrete integrable system. In particular, the cube recurrence arises in this
way. We show that these automorphisms have a simple interpretation as translations in the
spectral data, leading to an explicit description of the automorphism group.

(2) Matteo Mucciconi, Tokyo Institute of Technology.
Title: Stationary Higher Spin Six Vertex Model.
Abstract: The Higher Spin Six Vertex Model is a stochastic integrable system introduced
in 2016 by Corwin and Petrov and that generalizes a number of other exactly solvable
models in the KPZ Universality class, including the Six Vertex Model, the TASEP and its
q-deformations and the ASEP. In this talk we discuss some geometrical properties of the
stationary state of the Higher Spin Six Vertex Model and we confirm Baik-Rains fluctuations
for the stationary Height functions. The talk is based on a collaboration with T. Imamura
and T. Sasamoto.

(3) Dipankar Roy, Indian Institute of Science.
Title: The exact phase diagrams for a class of left-permeable asymmetric exclusion process.
Abstract: Asymmetric simple exclusion processes (ASEP) with multiple species are impor-
tant models in non-equilibrium statistical physics. In this work, we study an integrable two-
species partially asymmetric exclusion process called the left-permeable ASEP or LPASEP
and its multispecies generalization, called the mLPASEP. In both these models, the left
boundary is permeable to all species but the right boundary is impermeable to some of
them. For the former, we construct a matrix product solution for the stationary state and
thereby compute the exact stationary phase diagram for densities and currents. For the
latter, using projections onto the LPASEP, we derive densities and currents as well as the
phase diagram in the steady state. One observes the phenomenon of dynamical expulsion
of one or more species in most of the phases. We explain this phenomenon and the density
profiles in each phase using interacting shocks.

This is joint work with Prof. Arvind Ayyer (Indian Institute of Science Bangalore) and
Dr Caley Finn (The University of Melbourne).

(4) Tapas Singha, TIFR Hyderabad.
Title: Clustering, intermittency, and scaling for passive particles on fluctuating surfaces.
Abstract: I will talk about a scaling approach successfully characterizes clustering and in-
termittency in space and time, in systems of noninteracting particles driven by fluctuating
surfaces. We study both the steady state and the approach to it, for passive particles slid-
ing on one-dimensional Edwards-Wilkinson or Kardar-Parisi-Zhang (KPZ) surfaces, with
particles moving either along (advection) or against (antiadvection) the growth direction in
the latter case. Extensive numerical simulations are supplemented by analytical results for
a sticky slider model in which particles coalesce when they meet. Results for single-particle
displacement versus time show to what extent particle dynamics is slaved to the surface,
while scaling properties of the probability distribution of the separation of two particles de-
termine the scaling form of average overlap of a pair of trajectories. For the many-particle
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system, clustering in steady state is studied via moments of particle number fluctuations
in a single stretch, revealing different degrees of spatial multiscaling with different drivings.
Temporal intermittency in steady state is established for all the three drivings, but with
different exponents, reflecting strongest clustering for KPZ advection and weakest for KPZ
antiadvection. Finally, we consider the approach to the steady state and study both the
flatness and the evolution of equal-time correlation functions as in coarsening of phase-
ordering systems. Our studies give clear evidence for a simple scaling description of the
approach to steady state, with the scale set by a length that grows in time. An investigation
of aging properties reveals that flatness is nonmonotonic in time with two distinct branches
and that a scaling description holds for each one.

(5) Lingfu Zhang, Princeton University.
Title: Convergence of empirical distributions in exponential last passage percolation.
Abstract: In the 2D exponential last passage percolation, the geodesic from (0, 0) to (n, n)
is the up-right path with the maximum sum of the random variables along the path. We
study the very local behavior of the geodesic. For every point in the geodesic, we take a
k×k box centered around it, and consider the law of the empirical distribution of the boxes
along the geodesic. We show that it converges in probability as n → ∞. The main idea
of the proof is to show that the very local behavior around different points in the geodesic
are asymptotically i.i.d. The KPZ fixed point formula and other observations of the exact
solvable model are widely used.

This is joint work with Allan Sly.
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