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Construction of Thermal Entanglement Representation and Its

Application in Density Matrix

REN Gang, ZHANG Wenbhai

(School of Electrical and Electronics Engineering, Huainan Normal University, Huainan 232038, Chi-

na)

Abstract: There is quantum entanglement between quantum system and thermal reservoir. Analogous
to entanglement between two photons,the appearance of thermal entangled states can be established.
This method is convenient for calculating and analyzing the thermal evolution of quantum systems. O-
riginal Hilbert space is expanded to two Hilbert space according to the theory of thermal field dynam-

ics and the virtual Hilbert space. Then,the explicit form of the thermal vacuum state is derived in the

extremely high temperature state, i.e., | 0(8) ) = (1 —e ™) exp(e *?a’a’) | 0, 0) . To obtain the
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specific form of the thermal entangled state representation, translation operator is applied to the ther-
. 1, . - N, -
mal vacuum state, i.e., | ) :( — 7" +9a" —p a"+a'a ) | 0,0 . These results show that the

evolution of any quantum state in thermal environment can be directly obtained in thermal entangled
state representation. Taking translational thermal state as an example, the theoretical calculation re-
sults show that translational thermal state evolves into coherent state without thermal noise under low
temperature conditions.

Key words: thermal field dynamics; partition function; fictitious quantum state; thermal entangle-

ment representation
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