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Table I. Relationship between the various stochastic processes and NE ensembles. The EQ reference process conditioned on the
energy currents j, activities f and occupations p generates the trajectories of the systems in the NE micro-canonical ensemble.
The process with mean energy currents, activities and occupations equal to the constrained values of the conditioned process
is the driven process. The path probabilities of the driven process are asymptotically equivalent to the path probability of the
NE process and of the canonical reference process. The CGF of j, f and p for the NE process is exactly the same as the CGF
of the EQ reference process (up to a translation), i.e spontaneous rare fluctutions of the EQ process are associated to typical
realizations of the NE process. The NE process generates the trajectories of the systems in the meta-canonical ensemble. This
ensemble includes the systems that are put out-of-equilibrium by gradients of temperatures imposed by heat reservoirs. From
the equivalence between the conditioned reference process with the driven reference process and the NE process, we conclude
that the NE micro-canonical and meta-canonical ensembles are equivalent.
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driven (or auxiliary) process, but also to an exponentially
tilted process called the canonical process [29, 30]. This
later process is defined by exponentially weighting the
probability of each trajectory with a weight depending on
a functional v of the stochastic process. This weighting
procedure, is analogous to the definition of the canonical
ensemble from the superposition of micro-canonical en-
sembles using a Boltzmann weight. On the other hand,
the conditioned Markov process assumes that the vari-
able v is constrained to a given value. Finally, the driven
process has a dynamics defined such that the mean value
of v is equal to the imposed value in the conditioned pro-
cess. A systematic method of constructing this driven
process from a variational approach was provided in Ref.
[31]. A construction of the canonical process was also
proposed by Giardiná, Kurchan and Peliti in Ref. [32]
for classical systems and by Garrahan and Lesanovsky
in Ref. [33] for dissipative quantum systems. Jack and
Sollich constructed a driven process for classical systems
in Ref. [34]. The questions of the validity of the path en-
semble equivalence has recently been studied in Ref. [35]

Despite all these results, the structure of NE statistical
physics is incomplete as regards to EQ statistical physics.
For instance, the identification of the relevant coarse-
grained degrees of freedom, i.e. the NE thermodynamic
variables, is still missing. Accordingly, no general defini-
tion exists for stationary NE thermodynamic potentials.
To progress in this direction, focusing on continuous-time

Markov chains and stationary processes, we consider the
following questions: can we describe the NE fluctuations
of a system from the fluctuations of the same system at
EQ? If yes, can we define meaningful NE thermodynamic
potentials using the variables involved in this correspon-
dence? We positively answer these two questions by find-
ing an exact mapping between the statistics of EQ and
NE processes. This mapping involves, among others, the
a�nities of the NE process and some dynamical biases.
The later parameter enables to dilate the energy barriers
separating the various states of the system. The variables
conjugated to the a�nities and the dynamical biases are,
respectively, the energy currents and the activities of the
exchanges with the environment. The existence of a sim-
ple mapping when considering the appropriated couples
of conjugated variables suggests that a complete canon-
ical structure for NE statistical physics exists. With
respect to previous works on conditioned Markov pro-
cesses, our main contribution is to identify the constrains
that does not modify the system dynamics, apart from
changing the temperatures of the heat reservoirs. Ac-
cordingly, we define two ensembles of NE systems: the
meta-canonical ensemble where the constrained variables
are the a�nities, and the NE micro-canonical ensemble
where the constrained variables are the energy currents.
We prove the equivalence of these ensembles and derive
the NE thermodynamic potentials conjugated by Legen-
dre transformation. We also obtain the NE equations of


