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We consider the relations of the energy density and its entropic density with the temperature of Schwarzschild black hole (SBH)
and holographic dark energy (HDE). On the basis of literature [8], we obtain the energy density of the scalar field of SBH being
proporttional to the square of Hawking-Unruh temp erature near the outside of event horizon when the distance from the film to the
horizon ¢ and film thickness J are constant, and its entropic density being directly proportional to the Hawking-Unruh temp erature
when ¢ and 7n are constant. Basing on [16], we find the equation of gravitational energy density inside SBH; derive that the
gravitational energy density is proportional to the square of effective temperature far from event horizon in SBH interior, whether
the gravitational fields of SBH are Coulomb-like or wave-like; and their entropic density is directly proportional to effective
temperature. Basing on [20-22], we gain the HDE density being proportional to the square of the Gibbons-Hawking temperature,
and its entropic density being directly proportional to the Gibbons-Hawking temperature. These equations are similar and have

relations with each other. We suggest that these relations are interesting and significant for SBH and HDE.

PACS numbers: 97.60.Lf, 04.70.Dy, 95.36. +x

I. Introduction

What is the relation of the energy density and its entropic density with the temperature of Schwarzschild black hole (SBH) and
holographic dark energy (HDE)? It is an interesting and significant question. For the relations relate to nearby the horizon of black holes,
please refer to [1-14]. In SBH interior, C. A. Egan et a/ calculate the interior entropy [15]; T. Clifton et a/ proposed the gravitational
energy density formula and the effective temperature expression respectively [16], but they are irrelative; A. C. Wall proposed the
generalized entropy [17]. Moreover, in order to explain the cosmic accelerated expansion [18], numerous theoretical models have been
proposed [19]; thereinto M. Li et al proposed the HDE density equation [20-22] which has no relation with the temperature.

This paper is organized as follows. In Sec. II, we get the energy density of the scalar field being proportional to the square of the
Hawking-Unruh temperature [3, 23] near the outside of the horizon of SBH, and that its entropic density is directly proportional to the
Hawking-Unruh one. In Sec. III, we find that the gravitational energy density is proportional to the square of the effective temperature
far from the horizon inside SBH, and its entropic density is directly proportional to the effective temperature. In Sec. IV, we obtain the
HDE density being proportional to the square of the Gibbons-Hawking temperature [24-27], and that its entropic density is directly
proportional to the Gibbons-Hawking one. We conclude in Sec. V.

I1. Energy Density of scalar field, Entropic Density and Hawking-Unruh Temperature near outside of Event
Horizon
In this section, we review [8]; obtain the relations between the energy density of the scalar field and the entropic density with the

Hawking-Unruh temperature near the outside of event horizon of SBH.

A. Energy density of scalar field and Hawking-Unruh temperature

First let us review [8] briefly. The Schwarzschild coordinates is used, and the energy density pg; of the scalar field of SBH is (we
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work with h =c¢=G=k =1 units)

psf= 6TMEMPTH_y; / 456(e+0) 1)
Where 0 = ne is the film thickness, ¢ is the distance from the film to the horizon of SBH, and n =1, 2, 3....

Substituting the Hawking-Unruh temperature Ty_; =1/ 87M into (1), we obtain

psr= Tii_y/ 4806*(n+1) )
Therefore the energy density of the scalar field is proportional to the square of Hawking-Unruh temperature near the outside of horizon
when ¢ and n are constant. Recovering h, ¢, G and k, we obtain

psr= KT _yy / 480€%(n+1) 3)

B. Entropic density and Hawking-Unruh temperature

The entropic density sy of the scalar field near the outside of horizon is [8]

sop = 8TM? / 45B36(e+0) 4)
where £ is [8]

B = 8aM ®)
Using (5) and Ty_y =1/ 8aM to (4), we obtain

ssp= Ty—y / 360e*(n+1) (6)

So the entropic density is directly proportional to the Hawking-Unruh temperature when ¢ and » are constant.

III. Gravitational Energy Density, Entropic Density and effective temperature far from Event Horizon inside
SBH
In this section, we review [16] briefly; find the relations between the gravitational energy density and its entropic density with

effective temperature far from the event horizon inside SBH.

A. Relations for Coulomb-like gravitational fields
In [16], the gravitational fields can be classified two types: Coulomb-like gravitational fields and wave-like ones. In general they

are mixed. For the Coulomb-like gravitational fields

8P grav= 204/2W/3 and pgrq= 0 @)

bucud, T,peq is the Weyl tensor, u®, u®, u,u®are

where pg.q, is the gravitational energy density, a is a constant, W = Ty uu
the timelike unit vectors, and p g, is the isotropic pressure. For SBH, the Schwarzschild geometry can be written in Gullstrand—

Painlevé coordinates as

ds?= —[1—@m / N)dt2—2 J2m/r drdt+dr2+r2dQ? (8)
where m is the constant mass parameter. The gravitational energy density and temperature is given at each point in the region » < 2m by
Pgrav = 20m / 8nr3 )
Tyray = m / 2nr%\[IT— @m/D)] (10)

where Tj,q,, is the effective temperature. Taking (10) to (9), we find

Pgrav= 0m[2—(r / m)T% s, (11
It is the equation concerning the gravitational energy density and the effective temperature in the region r < 2m. Note that the isotropic
pressure is zero. When r << 2m, we derive

Pgrav= 20nTq, (12)
Therefore the gravitational energy density is proportional to the square of the effective temperature far from the horizon inside SBH.
There are two regions far from horizon inside SBH: Singularity and vacuum. In (11) when » — 0, we gain (12) also, that is the

gravitational energy density being proportional to the square of the effective temperature in the singularity and nearby the one.

B. Relations for the wave-like gravitational fields
In [16], for the wave-like gravitational fields
870 gray = BVAW and pyrav= Pgrav /3 (13)
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For SBH, the gravitational energy density is given at each point in region r < 2m by

Pgrav= V6pm / 13 (14)
Using (10) to (14), we find

Pgrav= VOBT2—(r / m)T7 e, (15)
When r <<2m and » — 0, we obtain

Pgrav= 2V6BrTq, (16)
It is very similar to (12). So the gravitational energy density is proportional to the square of the effective temperature far from the

horizon inside SBH, whether the gravitational fields are Coulomb-like or wave-like.

C. Relations of entropic density

For the Coulomb-like gravitational fields, its entropic density s, is [16]

3S4ra0 =0 P grav) / Tyra (17)
where v = zgpcq dx?dx°dx? and we can set an arbitrary constant to zero. Substituting (11) into (17) and integral, we get

Syrav = 02— (r / m) Ty (18)
This is the equation concerning the entropic density and the effective temperature in the region r < 2m. When » << 2m and r — 0, we
derive

Syrav = 20Ty g, (19)

So the entropic density is directly proportional to the effective temperature far from the horizon inside SBH.
For the wave-like gravitational fields, substituting (15) into (17) and integral, we obtain
Sgrav = VOBH2—(r / m)[Ty g (20)
When r <<2m and r — 0, we derive
Sgrav = 2V6PRTray @1)
Therefore the entropic density is directly proportional to the effective temperature far from the horizon inside SBH, whether the

gravitational fields are Coulomb-like or wave-like.

IV. HDE Density, Entropic Density and Gibbons-Hawking Temperature
In this section, we review [20-22]; obtain the relations between the HDE density and its entropic density with Gibbons-Hawking

temperature.

A. HDE density and Gibbons-Hawking temperature
In [20-22], the equation of HDE model can be rewritten as
Pae = 3cEMHL™? (22)
where pg, is the HDE density, c; > 0 is a dimensionless model parameter, Mp =1/ V871G =1 / V8x is the reduced Planck mass and
L is the cosmic cutoff.
Substituting the Gibbons-Hawking temperature T;_, =1/ 2nL into (22), we gain
Pae = 1212 cIMETE y=3nciTE y /2 (23)
where Mp= 1/ VG = 1 is the Planck mass. So the holo graphic dark energy density is proportionate to the square of the

Gibbons-Hawking temp erature.

B. HDE entropic density and Gibbons-Hawking temperature
In [22], the HDE entropy S, is
Sge =M L? (24)
The HDE entropic density s , is
Sge =TMAL? / LP =My / L=nT;_y / 4 (25)

Therefore the HDE entropic density is directly proportional to the Gibbons-Hawking temperature.



V. Conclusion

In this paper, we have obtained the energy density of the scalar field [8] of SBH being proportional to the square of the
Hawking-Unruh temperature near the outside of horizon when the distance ¢ from the film to the horizon and the film thickness ¢ are
constant, and that the entropic density is directly proportional to the Hawking-Unruh temperature when ¢ and n are constant; found the
equation concerning the gravitational energy density and the effective temperature in the region » < 2m [16] inside SBH; derived that
the gravitational energy density is proportional to the square of the effective temperature far from the horizon in SBH interior, whether
the gravitational fields of SBH are Coulomb-like or wave-like; obtained that their entropic density are directly proportional to the
effective one. These equations are true in the singularity and nearby the one of SBH also. Also we have got that the HDE density [20] is
proporttional to the square of the Gibbons-Hawking temperature, and its entropic density is directly proportional to the Gibbons-
Hawking one.

Eq. (2), (12), (16), and (23) are similar. Eq. (2) belongs to the Hawking radiation; (12) and (16) belong to the quantum gravity. It is
well-known that the Hawking radiation is produced by the quantum gravity, so Eq. (2) has the relation with (12) and (16). Eq. (12), (16)
and (23) are similar also. Eq. (23) belongs to the dark energy which can produce the repulsion; therefore it has the relation with (12)
and (16). Their entropic density is also. We suggest that these relations are interesting and significant for SBH and HDE.
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