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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 [4], we obtain the energy density of the scalar field being
proportional to the square of the Hawking-Unruh temperature near the event horizon, and that its entropic density is directly
proportional to the Hawking-Unruh one. Basing on [6], we find the equation of gravitational energy density inside SBH; derive
that the gravitational energy density is proportional to the square of the effective temperature far from the 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 the effective temperature. Basing on [7, 8, 9], we gain the HDE density being proportional to square of the Gibbons-Hawking
temperature, and that its entropic density is directly proportional to the Gibbons-Hawking one. 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. At the event horizon of SBH, the Stefan-Boltzmann law
(SBL) [1, 2] can be modified as the General SBL by MengQ M etal [3, 4] and A. I. Fisenko et al [5]. In SBH interior, T. Clifton et al
proposed the gravitational energy density formula and the effective temperature expression respectively [6], but they are irrelative. M. Li
et al proposed the HDE density equation [7, 8, 9] which has no relation with the temperature.

This paper is organized as follows. In Sec. I, we get the energy density of the scalar field being proportional to the square of the
Hawking-Unruh temperature [10, 11] near the horizon of SBH, and that its entropic density is directly proportional to the
Hawking-Unruh one. In Sec. 11, 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 square of the Gibbons-Hawking temperature [12, 13, 14, 15], and that its entropic density is directly
proportional to the Gibbons-Hawking one. We conclude in Sec. V.

I1. Relations of Energy Density of scalar field and Its Entropic Density with Hawking-Unruh Temperature
near Event Horizon
In this section, we review [4]; obtain that the energy density of the scalar field is proportional to the square of the Hawking-Unruh

temperature near the event horizon of SBH, and the entropic density is directly proportional to the Hawking-Unruh one.

A. Energy density being proportional to square of Hawking-Unruh temperature
In [4], the Schwarzschild coordinates is used, and the energy density p of the scalar field of SBH is (we work withh=c =G =k
= 1 units)
psf= 6T M?Ty_y; / 45e(e+0) @)



Where § = ne is the film thickness, ¢ is the distance from the film to the horizon of SBH, andn=1, 2, 3....
Substituting the Hawking-Unruh temperature Ty_; =1 / 8zM into (1), we obtain
Psf= nT2_y / 60e2(n+1) )
Therefore the energy density of the scalar field is proportional to the square of Hawking-Unruh temperature near the horizon.
Recoveringh, ¢, G and k, we obtain
pss = mc’k* Ty, / 60e%(n+1)h*G )
So it belongs to quantum gravity.

B. Entropic density being directly proportional to Hawking-Unruh temperature
The entropic density s, of the scalar field near the horizon is [4]

ssp = 8 M? / 458%(c+0) 4
where S is [4]

B = 8aM (5)
Substituting (5) and Ty _;; =1/ 8xM into (4), we obtain

sop = Ty—y / 360e*(n+1) (6)

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

I11. Relations of Gravitational Energy Density and Its Entropic Density with effective temperature far from
Event Horizon
In this section, we review [6] briefly; find that the gravitational energy density is proportional to the square of the effective

temperature far from the event horizon inside SBH, and its entropic density is directly proportional to the effective one.

A. Relations for Coulomb-like gravitational fields
First let us review [6] briefly. 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
870 grqy= 204/ZW/3 and pyq,= 0 ©)

bycud, T, .4 is the Weyl tensor, u®,u®, u®uare

where pg.q, is the gravitational energy density, o is a constant, W = Ty.qu®u
the timelike unit vectors, and p ., is the isotropic pressure. The Schwarzschild geometry can be written in Gullstrand-Painleveé

coordinates as

ds?= —[1—(2m / r)]dt?—2 Wdrdt—i—drz-i-rzdﬂz (8)
where m is the constant mass parameter. The gravitational energy density and temperature is given at each point in the region r < 2m by
Pgrav = 20m / 8nr3 9
Ty = M/ 2102 []T— 2m/1)] (10)

where Tg,..,, is the effective temperature. Taking (10) to (9), we find
Pgrav= an[2—(r / Ml 4, (12)

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= 20mT g, (12)
So the gravitational energy density is proportional to the square of the effective temperature far from the horizon inside SBH. It
includes two regions far from horizon inside SBH: Singularity and vacuum. In (11) when r — 0, we gain (12) also, that is the

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

B. Relations for the wave-like gravitational fields
In [6], for the wave-like gravitational fields
8P grav = BVAW and pgr0p= Pgray /3 (13)
For the SBH, the gravitational energy density is given at each point in region r < 2m by
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Pgray= VOPM / 13 (14)
Taking (10) to (14), we find

Pgrav = \/Eﬁn[z—(r / m)]T:gzrav (15)
Whenr << 2mand r — 0, we obtain
Pgrav= 2V6PAT ay (16)

It is very similar to (12). Therefore 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 [6]

35yra = 8 Ognao¥) / Tyras a7)
where v = 204504 dx?dxdx? and we can set an arbitrary constant to zero. Substituting (11) into (17) and integral, we get

Syrav = @2 (1 / M)Ty g, (18)
This is the equation concerning the entropic density and the effective temperature in the region r < 2m. When r <<2mandr — 0, we
derive

Syra = 202714, (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 = VOPR2—(r / M)Ty gy (20)
Whenr << 2mandr — 0, we derive
Sgrav = 2V6BTTy gy (21)

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.

1V. Relations of HDE Density and Its Entropic Density with Gibbons-Hawking Temperature
In this section, we review [7, 8, 9], obtain that the HDE density is proportional to square of the Gibbons-Hawking temperature, and
its entropic density is directly proportional to the Gibbons-Hawking one.

A. HDE density being proportional to square of Gibbons-Hawking ttmperature
In[7, 8, 9], the equation of HDE model can be rewritten as
Pae = 3ciMLT? (22)
where p, is the HDE density, ¢, > 0 is a dimensionless model parameter, Mp= 1/ V/8xG is the reduced Planck mass and L is the
cosmic cutoff.
Substituting the Gibbons-Hawking temperature T,_y =1/ 2zl into (22), we gain
Pde = 127TZCL2M§1 TGZ_H=3ncL2Mp2TG2_H/ 2 (23)
where Mp=1/ VG is the Planck mass. So the holographic dark energy density is proportionate to square of the Gibbons-Hawking
temperature.

B. HDE entropic density being directly proportional to Gibbons-Hawking temperature
In [9], the HDE entropy Sg, is

Sge =M L? (24)
The HDE entropic density s, is
Sge =IMAL? / LP =aM% / L= 20°MA T,y (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 [4] being proportional to the square of the Hawking-Unruh
temperature near the horizon, and tha the entropic density is directly proportional to the Hawking-Unruh one; found the equation
concerning the gravitational energy density and the effective temperature in the region r < 2m [6] 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 near one of SBH also. Also we have got that the HDE density [7] is proportional to
square of the Gibbons-Hawking temperature, and its entropic density is directly proportional to the Gibbons- Hawking one.

Eqg. (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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