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A new energy source originating from extra dimensions’
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In this work the Einstein gravitational field equations and the Lichnerowicz boundary formalism in the extra

dimensions are used to build up our black hole model from 6-dimensional space-time. From the internal stress—energy

tensor the solutions with energy levels and semiclassical space-quantization are obtained, which combines with only one

metric condition outside the defect. We show a new type of energy source, which originates from extra dimensions. A

part of the energy source of quasi-stellar object (QSO) maybe come from extra dimensions in that way. The theoretical

arithmetic upper limit is identical to that of the output energy of QSO.
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Brane worlds, the models in which our universe
appears as some kind of domain wall or brane embed-
ded in a highly-dimensional space—time, have gained
considerable attention recently.l!] Gravity in this sce-
nario is ‘trapped’ on the four-dimensional brane due to
the geometry of the bulk space—time.[>3] This model
allows the presence of large or even infinite noncom-
pact extra dimensions.

Clearly, a very appealing feature of this idea is
the fact that the defect itself arises naturally from a
simple theoretical model of field (the Abelian Higgs
model).l?!

It is now quite generally agreed that scenarios
modelling our four-dimensional world as a topolog-
ical defect in a higher dimensional space-time can
be perfectly compatible with four-dimensional gravity,
without need to compactify the extra dimensions.!®! In
their two recent papers Randall and Sundrum[? have
shown that a scenario with a large or infinite fifth di-
mension in the presence of a brane can generate a the-
ory of gravity which mimics purely four-dimensional
gravity, both with respect to the classical gravitational
potential and with respect to gravitational radiation.

In recent years, a series of topological defects and
p-branes in space—time physics and gravity has been
investigated extensively, but cannot be applied to the
quantum geometry. (6-10]

The purpose of this paper is to show the separated

energy levels and space quantization in the extra di-
mensions, and try to explore new physics in terms of

the theory in 6D space—time.

Our 6D space—time is equipped with the metric
of the form

2
ds? =a(p) | f(r)dt? — }i(’") — 72(d6? + sin? 6d4?)
T
—dp® — p*dy?,
0<p<7y, 0<y<2m, 1)

with spherically symmetric defect (4-brane) localized
at p = 0. In the model, 7 can be very large or in-
finite; the defect is modelled by a continuous matter
distribution within a core of radius pg, and vanishes

outside the core, i.e. for p > pg.

A specific model of so-called universal extra di-
mensions (UED) has recently been proposed by Ap-
pelquist et al['!) In this model, the UED may be rel-
atively large (i.e. «y is finite in Eq.(1)), the evolution
should be governed by Einstein field equations too.

After setting the four-dimensional cosmological
constant Aphys to be zero, the Einstein equations be-
come
1

Rgp = 3 (4+T5), (2)

RA —

N | =

where Mg is the six-dimensional Planck scale, related
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to the four-dimensional Planck scale M, by!®!

~
ME = 27ng/crpdp. (3)
0

In UED cosmology, one has(!?]
Mg = ‘/(2)M(;1: (4)

where V|9 is the volume of extra dimensions.
In order to guarantee the regularity of the geom-
etry, the solution inside the core has to satisfy the

boundary conditions at the origin:

o |p=0 =4, o |p=0 =0, (5)

where A > 0 is an arbitrary constant, and a star de-
notes 9/9p.
After setting the six-dimensional cosmological

constants to be zero, the Einstein equations become
1 /1 f , 3 (o™ o 0
—-=-== - - — — T, 6
7‘0(7‘ r f) 2<0 +p0) Mg 0. (6)
_1 fl fll 3 0_** O'* 1
— =4+ =]-= — — 7
o <7‘ + 2 2\ o + po M4 27 (7)

30*? a* 1

(L _f o ff f1\_ 807 ot 1
o\r?2 r? T 2 2 o2 po  ME
(8)

1/1 f i i o** 10 1
;<72 = 2 =T

(9)

where the stress—energy tensor 79 = T}, T2 = T3,

and a prime denotes 8/dr. The metric outside the
core is the solution of Egs.(6), (7), (8) and (9) in the

absence of sources

Oout = B, fout = la (10)

where B > 0 is an arbitrary constant. The solution

inside the core has the form

Oin = Asin (cp—*—g) v fin=f(r), (11)

where ¢ > 0, it is an arbitrary constant. The solution
(11) satisfies the boundary conditions at the origin
(Ea.(5)).

We now determine the boundary pgy of the brane
in the fifth dimensional p direction. We simply require
that at some boundary value of p, say pg, the values
of the internal form of o(p) and its first derivative

match those of the external form given above. That

is, we assume that the surface of the brane satisfies
the Lichnerowicz boundary conditions, and that the
coordinate system is admissible.[5:1]

Matching the interior and exterior forms of o(p)

at pg gives the two relations

Asin (cpo + g) =B, (12)

T
cos (cpo + 5) =0. (13)

From Eq.(13) we have

n=1,2.3,.... (14)

Cpo = N,
Equations (10), (12) and (14) give the two conditions

n=24,86,..., (15)

Oout = A;

n=1,3,5,.... (16)

Oout = _A7

In order to ensure the uniqueness of solution and ob-

[13—16]

tain sensible ones, we removed the solution (16),

and now have the new sensible one

Oout = Aa (’I’l = 214161' . ')7 fou’c - 17 (17)

an:Asin(cp—i—g), (o]p=0 = A), fin=f(r).
(18)

At the boundary
m
po = (—) n, n=24,6,....
c
Since ¢ can be sufficient large, we let 7/c = Lp, then

po=nLp, n=24,6,..., (19)

where Lp is the Planck length (~ 10733cm).
For the Reissner—Nordstrom metric, f(r) has the

form

oM Q? 1
f(r) = - T—2=T—2(7‘—7‘+)(7‘—7‘7)7 (20)
and r4 = M £ /M2 — Q2. The outer horizon is at
T=T4.

Now the internal stress—energy tensor must take

the following form:

Q? 1
To —Ms{ LY
Asin (cp + 5)

e Zefe-Lag(cor 7)) } (1)
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—Q? 1 3 1

R g w5 |- see (et )] - (22)

™ Asin (cp + 5) 2 p 2
T =M ) ( )3Ct2( —|—7r)+2t( +2) (23)

= —c) |=c cp+ = —ctglep+ =
4 6 2 g \¢cp 2 P glep 2 )
5 4 2 1. 9 m

TS =Mic* |2 - ot (cp+ 5) , (24)

where TO = T}, T2 = T3; T4 = 0 for A # B.

We now consider the graded energy in the brane. Integrating Eq.(21)—(24) yields (more details in Appendix

A,B,C)
Ey =gMéc{<ﬁ - 721_) + 3m27r+ ﬁ [(m27r+ — ]

ts [(mer+ 1) = (5) ]+ Cﬁéi§%ﬁy|(nﬂw+.2)% (€ R T
Pu=te{Jron 2| (005~ 2) + gon g ((mon 4 5) - (5))

2l (oo 3 () oo

5
Es :Méc <§> m2m = 5Mécm7r,

where Eg = F1 = Fs = Esand m =1,2,3,.... Sothe
energies are separated. This means that we have ob-
tained the quantized energy levels in the brane, i.e.

m 1 corresponds to the ground level of energy,
m = 2,3,4... If

black holes are in the excited states, they may jump

correspond to the excited levels.

down to the ground level and release their excess en-
ergies. This is a new energy source, which comes from
extra dimensions. A part of the energy source of a
quasi-stellar object (QSO) maybe originates from ex-
tra dimensions as we have described above, the others
from gravitational energy.

We now estimate the life-span of excited black

holes that are in higher energy levels. From the un-
certainty principle of energy—time
h
AE-At > —,
2
we obtain the lifetime
h 1
At ~ | = — . 28
() (z5) S
Let AEp31 = Egln=3— E¢ln=1, AFEss =
E3|n=5 — E3|n=1 and so on. And since AE, ; =
Eq4ln=1 — Eq |n=1 =0, the lifetime Aty 11 — oo,

a=0, 1, 2, 3, 4, 5. So the black holes that are to
be on the ground levels of energy are stable only, ex-

cited black holes are all unstable, as they jump to the

(2k — 1)(2k)!

22kBk

((mor+ 3= (5)™ ) ]}t

(27)

ground levels they will release their excess energies
in radiation. This is a new energy source originating
from extra dimensions, and a new way to release en-
ergies like that. Astronomers have found abnormal
fountain of black holes in recent years, it may be rele-
vant to the new energy source that we described above,
and the energy source of QSO may be relevant to it
too.

Since Matthews and Sandage found the first QSO
in the 1960s, a number of questions have not been
solved:[17-18] 1) why the feature of radiation of QSO is
non-thermal, 2) why the changes of their luminosity
are nonperiodic, 3) how the central engines of QSO
can be produced, 4) the output energy of their radia-
tion can be 107-fold that of the Milky Way, and about
10%® — 10537, why it is so large.

Now we come back to Eq.(2), in which light-speed
C=1, and gravitational constant G=1 too, so it can

be in the form

1 871G
— SRgp = 4C4

RA
B9

(A+T%). (29)
From Egs.(4), (19), (25) and (29), we can estimate
AFE,ps ~ V(;)l x 10%J (B8 > 4, and they are both
positive integers). Since the scale of active galactic
nucleus of QSO is about 1pc=3.0856x10m, if the

extra volume V(2) has the same scale, we can come
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to the meaningful result, i.e. AE, g5 ~ 1037J—10%3],
its upper limit is identical to that of output energy of
QSO. So we believe that a part of QSO-energy comes
from extra dimensions, and the others maybe origi-
nate from gravitational energy of black hole which is
in the centre of QSO, and there is a violent and small
region around the black hole.

In Refs.[19,20], of self-
gravitating membranes and membranes in flat space
has been studied.

regarded as quantum membranes.[?’??l One can de-

quantum dynamics
In that case black holes can be

scribe them with a ‘principal quantum number’ m,

Appendix A

Integrating Eq.(21) we have

1 Q? cp 3 1
Eo= Mi{ == Int (—) 2 -
0 6{T40Ang 2 +2c Cp+cp
where m =1,2,3,... and
m2m/c m2m

dp 1

| o
r sm(cp+ 5)
y=cp+m/2,

(i (2)

where z = cp,

So we have Eq.(25).
Appendix B
Integrating Eq.(23) we have

m2n+3

and at least for a large m one expects the area of a

membrane A = mAjy, the quantum of area in this ap-
1

2
EL o

Braneworld cosmology has opened up a possible

proach is Ag =

new phenomenology for the cosmology of the early

universe.[2!]

In this work we have obtained a new way
to quantized spaces of extra dimensions, and the sepa-
rated and graded energy levels in 6-dimensions. From
this and according to quantum mechanics principles
a new energy source coming from extra dimensions
has been found too. It may be relevant to the energy

source of QSO and that of black hole fountains.

(cp)® | 2(cp)’®

P N S i
T3 T sy T s T ]}CF% ’
m2m+4m /2
d 1 m2r+%
/ _y ——ln(tgg) 32 +2: ,
siny ¢ 2/ 12
/2

_ m2n+Z
3¢ [ctg(cp) 1 cp (cp)®  2(cp)® 2°* By (cp)®*! ?
E, =M3cd = | =22 21— 4+ & S . A TN
4 66{2 [ c TP AT T s Tars T me— ek T .
cp=73 cp=3%
_ m2r+Z
3 monts L cp (cp)® | 2(cp)® 2°* By, (cp)® ! ?
= M4 e T2 49l 4 = .
66{2[CP]CP=E + [cp+ 37135 T ars T k=R T ez

So we can obtain Eq.(26)
Appendix C

Table 1. The values of Bernoullischen numbers By,.

k 1 3 4 5 6 7 8 9 10 11
B 1 1 1 1 5 691 7 3617 43867 174611 854513
k 6 30 42 30 66 2730 6 510 798 330 138
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