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Two energy level system (diagonal)



Thermal bath



l (dimensionless), z and  are real numbers.

Let us study the general case of a two energy level system





Considering

The ground state is

The |0> can be expanded in terms of the two non-
interacting states.

We assume a=b





The probability p of occupying the excited state is obtained 
as

where t=2z/l.

The inverse relation is given by



We can define an analog of the absolute temperature scale
in such a manner that it is possible to make a
thermodynamic interpretation for the quantum systems in
the ground-state.



We can introduce a “ground-state thermodynamics”
defining the ground-state internal energy, ground-state free
energy and ground-state entropy, respectively, as:

[A. M. C. Souza and F. D. Nobre, Phys. Rev. E 95, 012111 (2017)]

<…> = < 0|…| 0 >

k is a constant suitably chosen by dimensional
requirements



Implying that:

We can write two distinct forms of energy exchange

One associated with variations in the occupation
probabilities and other with variations in the gap energy
level



The first form is identified with heat

whereas the second with work 

The thermodynamics first law is identified as

The effective temperature  is identified directly to the 
fundamental relation



We found

Consistently, analogous to the standard thermodynamics,
the potentials thermodynamics and response functions may
be also derived.

Similar results to the above formalism have been found for a
model of interacting vortices for type-II superconductors at
low temperature.



A non-additive entropic forms and an appropriate effective
temperature emerge as an appropriate framework, exhibiting
properties very similar to those of the usual thermodynamic
temperature T.

In particular, for the vortex model, the entropy Sq=2 of
nonextensive statistical mechanics appears as the conjugated
to the effective temperature of the system.

[J. S. Andrade, Jr., G. F. T. da Silva, A. A. Moreira, F. D. Nobre, and E. M. F.
Curado, Phys. Rev. Lett. 105, 260601 (2010).

F. D. Nobre, E. M. F. Curado, A. M. C. Souza, and R. F. S. Andrade, Phys. Rev. E
91, 022135 (2015).]



Given an expression for p’ from the thermostatistics, is it
possible to obtain a quantum equivalent?

YES



Following the Clausius approach, it is possible to define 
the entropy S. 

It is also possible to express p as a function of q , i.e., there is a 
function g that p = g(q). Assuming the condition that g is 
inversive.

Remember



And the form of f(q) as a function of p is given by

RememberRemember

t=2z/l



The protocol starts by choosing the functional form of
p as a function of q. To know the form of the
interaction function l= f(q) just replace p in previous
equation.

Next, the inverse function q=g-1(p) may be found and
thus the functional form of entropy is obtained from



1. BG thermostatistics

The usual BG equilibrium probability (finding a physical configuration 

in the ground state of a two -level system for a certain temperature q)

Following the protocol:

It is straight to find that



Hence, we obtain the usual BG entropy

and, 

Remember

Remember

Remember



2. Tsallis q-thermostatistics

The Tsallis q-thermostatistics equilibrium probability

Following the protocol, we find that



We found

Naturally, the limit q    1 leads to BG thermostatistics.

Exactly the Tsallis q-entropy



Bolzmann-Gibbs (black curve), q = 1.3 (Blue curve), q = 2 Tsallis (green 
curve) and Souza & Nobre (red curve) thermostatistics.



Bolzmann-Gibbs (black curve), q = 1.3 (Blue curve), q = 2 Tsallis (green 
curve) and Souza & Nobre (red curve) thermostatistics.



Different thermostatistics can be extracted from two-level 
quantum systems



Different thermostatistics can be extracted from two-level 
quantum systems

The extraction protocol is based on a two-level Hamiltonian
in which the non-diagonal term is associated with an
effective temperature



Different thermostatistics can be extracted from two-level 
quantum systems

The extraction protocol is based on a two-level Hamiltonian
in which the non-diagonal term is associated with an
effective temperature

The functional form of this term defines the functional form
of its conjugated parameter, the entropy S



Consistent with thermodynamic framework, the present
approach establishes heat- and work-like quantities from
the thermodynamics first law, similar results to the second
and third laws of thermodynamics and that the efficiency
of the proposed Carnot Cycle is independent of
thermostatistics.
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