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Quantum Fidelity

The quantum Uhlmann fidelity of two states 

characterized by the density operators ρ
1

and 

ρ
2 
is defined as the maximal transition 

probability between these two states and is 

given by:



Applications

Can be used to calculate the Bures distance

polarization

nonclassicality

entanglement



A system of two non-coupled modes 

placed in a thermal bath 

By using creation and annihilation operators for two non coupled 

modes in a thermal squeezed environment.



System evolution 



Fidelity of two Gaussian states



Resonant Case

Evolution of quantum fidelity with (a) temperature and time for a resonant case ω
1

= ω
2
; 

(b) the squeezing parameter and time for a resonant case ω
1

= ω
2
; 

The dissipation parameter is chosen λ =0.1, and the average numbers of thermal photons 

are n
1

= 1, n
2

= 2.



Non-Resonant Case

Evolution of quantum fidelity with:

(c)temperature and time for a non-resonant case;

(d) the squeezing parameter and time for a non-resonant case.

The dissipation parameter is chosen λ =0.1, and the average numbers of thermal photons 

are n
1

= 1, n
2

= 2.



Modes Frequency Influence

Variation of fidelity with (a) frequency of the second mode and time; (b)

frequency of the second mode and the temperature of the reservoir.

The dissipation parameter is chosen 0.1.



Squeezed Thermal State

Evolution of quantum fidelity with (a) time and frequency of the second mode; (b) time

and average number of thermal photons of the second mode. The dissipation

parameter is chosen λ = 0.1, and the frequency of the first mode ω
1

= 1.



Asymptotic Case

For resonant case

Variation of asymptotic fidelity (t → ∞) with the squeezing parameter and

the temperature for λ = 0.1, ω
1

= ω
2

= 1, n
1

= n
2

= 1.



Conclusions

 The fidelity value strongly decreases with the

 increase of temperature of the thermal reservoir,

 and with the increase of squeezing parameter.

 In the case of a squeezed thermal state the fidelity 

increases with temperature for very low 

temperatures.

 The frequency of bosonic modes has a strong 

influence on fidelity value.

 Increase of the average number of thermal 

photons decreases the fidelity. 

 The asymptotic fidelity has nonzero values for all 

values of the temperature and squeezing 

parameter.
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