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Figure 1 (Color online) Relation between the entropy and temperature

at w = —0.7. The temperature corresponding to the dotdashed line rep-
resents the first order phase transition temperature.
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Figure 2 (Color online) The relation between the free energy and tem-
perature. The dashed line and dotted line correspond to w = —0.7,
0 =0.80; and w = —0.7, Q = Q, respectively.
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Figure 3 (Color online) Relation between the entropy and temperature
at Q = 0.16 for different state parameter of dark energy. The tempera-
ture corresponding to the dotdashed line represents the first order phase
transition temperature.
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Figure 4 (Color online) The relation between the free energy and tem-
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w= 1.7w; and Q = 0.16, w = w,, respectively.
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Holographic phase transition for a black hole in the
background with dark energy

WU ShiYun' & LI Ling?*
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2 School of Mathematics, Sichuan University of Arts and Science, Dazhou 635000, China

In the background with dark energy, we investigate the phase structure of thermodynamic entropy and entanglement entropy.
We investigate respectively the effect of the charge and state parameters of the dark energy on the phase structure of the
black hole. For a fixed state parameter of dark energy, as the value of the charge increases, the phase structures of the
thermodynamical entropy and the entanglement entropy are similar as that of the Van der Waals phase transition. That is, the
black hole undergoes the first order phase transition and second order phase transition successively and reaches to a stable
state at last. For a fixed charge, as the state parameter of dark energy increases, the phase structures of the thermodynamical
entropy is not similar to the entanglement entropy. Especially, the tendency of the change of entanglement entropy with
respect to the state parameter is opposite to the thermodynamic entropy. The same is that the black hole undergoes the first
order phase transition and second order phase transition successively as the state parameter of dark energy increases. For
the thermodynamics entropy and entanglement entropy, we find Maxwell’s equal area law holds for the unstable region of
the first order phase transition, and the critical exponent of the heat capacity is 2/3 near the critical points of the second
order phase transition.

entanglement entropy, phase transition, dark energy, black hole
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