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Abstract

In this paper the Holographic Principle is used with the involve-
ment of a minimal length. It is shown that two alternative approaches
to the minimal length involving theory are possible. By the first
approach, the minimal length is actualized only at high energies,
whereas at low energies it is zero, the theory being continuous. In
this approach there is generalization of the entropic approach to grav-
ity for the ultraviolet region. By the second approach, the minimal
length is nonzero at all energies scales. Then the entropic approach
to gravity in its present form is impossible in this case because the
theory must be free from such infinitesimal quantities as infinitely
small variations in the surface of the holographic screen, its volume,
and entropy.

1 Introduction

This paper presents a study of the Holographic principle in a theory with
the minimal length [,,,,.

It is known that a minimal length on the order of the Planck length [,,,;,, ~ [,
becomes important only at very high (Planck’s) energies £ o« Ep. At low
energies F < FEp it is practically not apparent. What results from this
fact?

1.1 Approach I: provided the minimal length ,,;, is involved, then on going
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from high to low energies the corresponding low-energy theory, to a high
accuracy, may be considered to be continuous in agreement with the limiting
transition

1.2 Approach II: according to this approach that is an alternative to the
first one, the minimal length [,,;, # 0 is involved both at high and low
energies. In this work the proposed approaches are considered in view of
the Holographic Principle.

The first approach is demonstrated using as an example the generalization
of the well-known results by E.Verlinde [1] to high (Planck’s) energies. The
starting point for such generalization is the holographic screen S and its
information content. This material is given in Section 2.

For the second approach based on [, # 0, (i.e. on the absence of the
formula (1)) at all the energy scales, both high and low, we first introduce
the definition of a measurable quantity. Then it is shown that, if a
theory operates only with the measurable quantities, the method in [1]
in its present formalism is invalid within the scope of the minimal length
theory,because the theory must be free from such infinitesimal quantities
as infinitely small variations in the surface of the holographic screen, its
volume, and entropy. This material is given in Section 3.

This paper is based on the previous works [2], [3] and partially — on [4].

2 Holographic Principle, Entropic Aprroach
to Gravity and Minimal Length

2.1 High-Energy Deformation of Main Quantities

This Section is based on the generalization to high energies [2] of the results
by E.Verlinde [1] associated with his entropic approach to gravity.

In what follows in this Section we use the results from [2]. The starting
point is the spherically-symmetric holographic screen S from [1] and its
information content.

As known, a formula for the <bit density> dN on S is given as ((5.32) in



[1]): ) »

N = cn dN = an (2)
where N — <bit> number on S.
However, when the holographic principle [5]-]9] is valid, N is actually the
entropy S up to the factor S ~ N and hence from (2) it follows directly
that dS o dA/Gh.
What are the changes in S on going to high (Planck) energies? The answer
to this question is already known owing to the fact that at these energies

the Heisenberg Uncertainty Principle (HUP) is replaced by GUP [10]-[18]:

h Ap
Ax > — + = 3
x 2 Ap + n (3)
where (2 = o 1123 and o/ — dimensionless numerical factor. (3) leads to the
minimal length ,,;, = &lp = 21/d/lp.
The well-known Bekenstein-Hawking formula for the black hole entropy in
the semiclassical approximation [19],[20]

A
BH __
ST = A]2 (4)
p

is modified by the corresponding quantum corrections on going from HUP
to GUP [21]-[24].
In particular, [22]:

/2

A 7« "
SEHp = 4_l12) ~ <412> +Z <4l2) + const , (5)

where the expansion coefficients ¢, o< o/ can always be computed to
any desired order of accuracy.

The general form of quantum corrections for the black hole entropy derived
in (5) remains valid for any horizon spaces and, in particular, for the holo-
graphic screen S from [1].

Higher-order corrections may be derived using the Taylor-series expansion
in terms of the small parameter [2/A

Seup = 41?2 :111( > Z < >_n+const (6)




in a similar way to the Taylor-series expansion of the right-hand side in
(6) in terms of the small parameter 4{2/A. This is valid as GUP gives the
ultraviolet cutoff at the level of I, ~ [,.

Assuming that at high energy S — Sg and hence N — Ng and in consid-
eration of that S = N/4, we obtain

A A = (A"
Ngup = 7 + aln <l_2> + 42% (l_z) + const, . (7)
P P

2
p n=1

In terms of Ngyp we can define the holographic screen area, as measured
at high energies, by Aqup = GhNgyp, where G and h — gravitational and
Planck constants, respectively, and Ngyp is given (7). Considering that
we, similar to [1], assume that the speed of light ¢ = 1, then, according to
12 = Gh, from (7) we have

A

,%W=A+Gmm<£g+aﬁg;%cﬁ> +const . (8)

So, (2) has a fairly definite analog at high energies

dAcup

dNgup = Ch (9)

that on going to the known low energies gives (2). There is a single con-
siderable difference, in [1] the quantity N was defined in terms of A and
dN was defined in terms of dA but in the case under study the situation is
opposite: Agyp is defined in terms of Ngyp and dAgyp in terms of dNgyp.
The logic series is here as follows: A = N = Ngup = Agup

The high-energy (for GUP) redefinition problem of the temperature 7' —
Teup for the holographic screen S has been studied in [25]. In [25] Teup
was derived as a series

Tavp =T+ 07T + ... =T + Teup, (10)

where the factors in the right-hand side(10) may be computed in the explicit
form and at low energies Toyp — 0.



Then, under (7)-(10), we can have a GUP - analog of Komar’s mass in
((5.33) from [1])

1 1 ~ 1
Moup = 5 / TaupdNgup = 3 /(T+TGUP)dNGUP =5ah / TevpdAgup,
s S s
(11)

that in the low-energy limit gives the well-known Komar formula [26],([27],
p.289).

It is clear that the «<GUP-deformed Komar’s mass> Mgy p in the first term
(11) as a summand has the known Komar’s mass [26],((11.2.9 - 11.2.10),[27])

((5.34), [1]) ,
M = R/STdA. (12)

If feasible, it is desirable to express all the above-derived fundamental quan-
tities in terms of a unified parameter. As shown by the author in [28], [29],
this is possible for black holes within the scope of GUP and a role of the
unified small parameter is played by the parameter introduced previously
in [30]-[41] as follows:

ap =12, /7% (13)
where z is the measuring scale, Ui, ~ [, by virtue of GUP (3), and 0 <
a<1/4.
Obviously, the principal results obtained in [28], [29] remain in force for
an arbitrary screen & and may be applied to the quantities Ngyp,Aqup,

Mecup-
In particular, we have

Neup = N + aln(oay') + 4 Z’c}a’”a% + const,

n=1

Agup = A+ aGhln(oaz') + 4Gh25na_na% + const, (14)

n=1

where R — characteristic linear size (radius) of the screen S; ag — value of
« parameter at the point R, o is a dimensionless computational factor.
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It is convenient to refer to the form Ngyp and Agyp derived in (14) as to
the a-representation. Also, it is clear that Mgpyp (11) may be derived in
terms of ap.

It should be noted that «, is considered as a deformation parameter for
the Heisenberg algebra on going from HUP to GUP.

Definition 1.

Deformation is understood as an extension of a particular theory by inclu-
sion of one or several additional parameters in such a way that the initial
theory appears in the limiting transition [42].

Generally speaking, initially the construction of such a Deformation was
realized with other parameters (e.g. [16],[17],([43])). But it is easily shown
that QFT parameter of the deformations associated with GUP may be
expressed in terms of the parameter « that has been introduced in the ap-
proach to the density matrix deformation [28], [29]. Here the notation of
[43] is used. Then from [43] we have

[Z,p] = ih(1 + B°p° + ...) (15)

and
AZpin = /B ~ 1, (16)

As shown in [28], [29], the right-hand side of (15) may be completed with
an expansion in terms of the small parameter «,:

[Z,p] = (1 + 8% + ...) = ih(1 + ajo, + aga’ + ...). (17)

In the case under study convenience of using «, stems from its smallness,
its dimensionless character, and ability to test changes in the radius R of
the holographic screen S.

Based on the aforesaid, we can proceed to generalization of the results from
Section 5.2 of [1] and to derivation of equations for a gravitational field
within the scope of GUP. We must consider two absolutely different cases.



2.2 Transition to Higher Energies

We must consider two absolutely different cases.

2.2.1 Quantum Corrections to the Principal Result

It is assumed that the screen radius R is given by R > l,,;, o< [, and then
ap K 1/4, (18)

where apg is the deformation parameter introduced in the previous subsec-
tion and corresponding R.

Then the principal result from the final part of Section 5.2 in [1] remains
valid owing to the replacement of M (formula (5.34) from [1]) by Mgup =
Mguplog] (11). The <ap — complements (ie. the difference Mog] =
Mguplag] — M) to M will be simply a (small) quantum correction for the
principal result.

Because of (18), it is supposed that ap is continuously varying from R and
all the quantities in Section 5.2 of [1] are also continuously dependent on
ag (18). Then we can write down the (<«ag — analogs of formula (5.37) in
[1]) as

1

1 a _ a
2/E (Tab[a] - §T[a]gab[a]> n&*dV = el ERab[a]n gav,  (19)

where the dependence of Ty,[a] and Rgpla] on oo = ag is completely deter-
mined, in accordance with [27],[1], by the integral Meypla] (11).

Besides, it is assumed that n® and &° are dependent on «, though the de-
pendence is dropped.

Next, similar to [1], from (19) we can derive the a-deformed Einstein
Equations using the method from [45]. Note that both this method and its
minor modification given in ([1], end of Section 5.2) in this case are valid
because ag is small and continuous, the whole system being continuously
dependent on it.

Solutions of the a-deformed Einstein Equations represent a series in ap,
and for ag — 0 or for @’ = 0 become the corresponding solutions of (Section
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5.2 in [1]).

Using the result obtained in [44], we can easily extend the above result to
the case with a nonzero cosmological term A # 0. In [44] Komar’s formula
was generalized to the case of a nonzero A. All the arguments from (Section
5.2 of [1]) in this case remain valid and formula (5.37) takes the following
form:

1 1
2 | (Tw— =T “©@hqy = — Agap)nEbdV. 2
/E ( ab 9 gab) n 5 V Ay E(‘Rab + gab)n f V. ( 0)

We can easily obtain the o - analog of the last formula with the dynamic
cosmological term A(a) as a corresponding complement to the right-hand

side (19).

2.2.2 Transition to Ultraviolet Limit

This case has been considered in detail in [29] and [2].
Then the screen S has a radius on the order of several Planck’s lengths
R = &lpin = 2d'El,, where £ — number on the order of 1 or

The problem is which object puts the limit for such a screen S. It may
be assumed that if Ty, # 0 then the object may be represented only by
Planck’s black hole or by a micro-black hole with a radius on the order of
several Planck’s lengths.

Clearly, the methods of [1] and [45] are not in force for such screen S because
it is impossible to use the result of [45] as <a very small region the space-
time> is no longer <an approximate Minkowski space-times [1].

Also, such micro-black hole is a horizon space, jet at high energies (Planck
scales). As is known, for horizon spaces, black holes in particular, at low
energies (semiclassical approximation) the results of [46] are valid.

At the horizon (and we are interested in this case only) Einstein’s
field Equations in differential form may be written as ([46] formula

(119)):
Jel'ta), & (LMQ) Ldtda (47r 3) )

1 er’\1 2 G 3¢
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where R = a — radius of a black hole (i.e. of the screen S), P = T% is the
trace of the momentum-energy tensor and radial pressure, and the horizon
location will be given by simple zero of the function f(R), at R = a.

As shown in [29] the equations (22) may be written in terms of the deforma-
tion parameter o with the coefficients containing only the numerical factors
and fundamental constants.

Also, the work [29] presents two possible variants of high-energy (Planck)
a -deformation o — 1/4 (22).

Hereinafter, we assume that the energy — momentum tensor of matter fields

is not traceless
T3 # 0, (23)

similar, in particular, to the case under study (22) P =TE # 0
2.2.2.A Case of equilibrium thermodynamics ([29], section (6.1))

In this case it is assumed that in the high-energy (ultraviolet (UV))limit
the thermodynamic identity (22) is retained but now all the quantities in-
volved in this identity become a-deformed (o — 1/4). All the quantities
= in (22) are replaced by the corresponding quantities Zgpp with the sub-
script GUP. Then the high-energy a-deformation of equation (22) takes the
form

k)BTGUp(CY)dSGUp<C¥) - dEGUp(Oz) = P(Oé)dVGUp(Oé). (24)

Substituting into (24) the corresponding quantities

Tevp(a), Squp(a), Equp(a), Voup(a), P(a) and expanding them into a Lau-
rent series in terms of «, close to high values of «, specifically close to
a = 1/4, we can derive a solution for the high energy a-deformation of
the general relativity (24) as a function of P(«). Provided at high energies
the generalization of (22) to (24) is possible, we can have the high-energy
a-deformation of the metric.

It is noteworthy that in (24) Ty p this time is calculated from ([21], formula



1 AR / a’[?
BH _
Teup = 47 20?2 L=y1- RQP] a
P

-1
hay,

47Ta/lp [1 - (1 - aR>1/2] (25)

with subsequent replacement of [, by vGh for ¢ = 1.
It is especially interesting to consider the following case.

2.2.2.B Case of nonequilibrium thermodynamics ([29], section (6.2))

In this case the o - dependent dynamic cosmological term A(«) # 0 ap-
pears in the right-hand side of (24). Then, with the addition of A(«) # 0,
the o — representation (24) (for h = 1) is given as follows (([29], formula

(53)):

—a?f'(a) — %a = 167a*P(a)G? — GA(a),
f'(a) = 4nkpTaup() (26)

where @ = ag ~ 1/4 and the derivative f'(«) of the f(«a) is taken with
respect to a.

A(a) in the right-hand side of (26) may be subjected to a series expansion
in terms of «, in compliance with the holographic principle [5]-[9] as applied
to the Universe [47]. In [48],[41], [28],[29] in the leading order this expansion
results in the first power, i.e. we have

Alag) ~ agrh,, (27)

where A, — initial value of A ~ A/, derived using the well-known pro-
cedure of «summation over all zero modes> and the Planck momentum
cutoff [49],[50]. Actually, (27) is in a good agreement with the observable
A = Agpsern. Because a radius of the visible part of the Universe is given as
R = Ryniv & 10%cm, it is clear that ar ~ 107'?? and (27) is completely
consistent with the experiment [50].
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Note that, proceeding directly from a quantum field theory but without the
use of the holographic principle, we can have only a rough estimate of A
that, on the whole, is at variance with Agpsern. Such an estimate may be
obtained in different ways: by simulation [51]; using the cutoff [49] but now
in the infrared limit; with the use of the Generalized Uncertainty Principle
for the pair (A, V'), where V' — four-dimensional volume [41], [28]. In the a—
representation in this case the expansion in terms of « results in the second
leading order

Alag) ~ ap,, (28)

that, obviously, is at variance with the accepted facts.
In the following Section the static spherically-symmetric horizon space con-
sidered in [46] is treated from a new point of view.

Afterword to Section 2

A.1. In this Section it has been implied that at low energies £ < Ep
the theory is continuous and the minimal length [,,;, # 0 is involved only
at the energies F ~ Ep. And in the following Section it is demonstrated
that an alternative viewpoint is also possible: the minimal length [,,,;,, # 0
is involved at all the <energy levels>.

A.2. According to A.1, at low energies, for x > [,,;,, as follows from
(13), a is varying practically continuously and hence, for «, close to zero,
the formulas (24),(26) are absolutely reasonable.

At the same time, it has been supposed that the above-mentioned formulas
(24) and (26) give an adequate description for the situation in the high-
energy case a, — 1/4 too.

Then, due to the fact that at high energies F ~ Ep, l,,;, # 0, we should
have not <continuous equations> (24) and (26) but the equations discrete
for ay.

In greater detail this problem is considered in the second part of the follow-
ing Section.
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3 Minimal Length and Measurability

3.1 Minimal Length and Measurable and Nonmeasur-
able Quantities

In the previous Section it has been supposed that the minimal length ,,,;, o
lp is involved only at high energies £ on the order of Planck’s energies
E o« Ep, whereas at low energies ' < Ep the theory, to a high accuracy,
may be considered continuous, the following limit being the case: [,,,;,, — 0.
An alternative view is that, provided a minimal length exists, it is existent
at all the energy scales and not at high (Planck’s) scales only.
What is inferred on this basis for real physics? At least, it is suggested that
the use of infinitesimal quantities dz, in a mathematical apparatus of both
quantum theory and gravity is incorrect, despite the fact that both these
theories give the results correlating well with the experiment (for example,
[52]).
Indeed, in all cases the infinitesimal quantities dz, bring about an infinitely
small length ds [27]

ds® = g, dr,dz, (29)

that is inexistent because of 1.
The same is true for any function T dependent only on different parameters
L; whose dimensions of length of the exponents are equal to or greater than
ly; > 1

T =7(L"). (30)

Obviously, the infinitely small variation dT of T is senseless as, according
to (30), we have
dY = dY (v Ly 'dLy). (31)

But, because of [l,,;,, the infinitesimal quantities dL; make no sense and
hence dY makes no sense too.
Instead of these infinitesimal quantities, reasonable are <«minimal variations
possible> A,,;, of the quantity L having the dimension of length, i.e. the
quantity

AinL = L. (32)

12



And then
AminT = AmznT(Vlejz_lAmanz) - AmmT(Vszyl_llmm) (33)

However, the <minimal variations possibles> of any quantity having the
dimensions of length (32) which are equal to l,,;, o [p require, according to
the Heisenberg Uncertainty Principle (HUP) [53]:

h
maximal momentum p,,., x Pp; and energy FE,,.. < Ep. Here [p, Pp;, Ep
— Planck’s length, momentum, and energy, respectively.(Note that the nor-
malization AzAp > h is used rather than AzAp > h/2.)

But at low energies (far from the Planck energy) there are no such quantities
and hence in essence A, L = i o< Ip (32) corresponds to the high-energy
(Planck’s) case only.

For the energies lower than Planck’s energy, the <«minimal variations pos-
sible> A,,;, L of the quantity L having the dimensions of length must be
greater than [,,;, and dependent on the present F

Amin = Amin,Ea Amin,EL > lmzn (35)

Besides, as we have a minimal length unit [,,;,, it is clear that any quantity
having the dimensions of length is «quantizeds, i.e. its value measured in
the units [,,,;,, equals an integer number and we have

L = Nilyin, (36)

where N;— positive integer number.

The problem is, how the <«minimal variations possibles> A, g (35) are
dependent on the energy or, what is the same, on the scales of the measured
lengths?

Then assuming that HUP is to a high accuracy derived from GUP on going
to low energies or that HUP is a special case of GUP at low values of the
momentum, we have

(GUP, Ap — 0) = (HUP). (37)

13



By the language of Ny, from (36), (37) is nothing else but a change-over to
the following;:

The assumed equalities in (34) and (3) may be conveniently rewritten in
terms of l,,;, with the use of the deformation parameter aa, (13).
Then with the equality (ApAz = k) (3) is of the form

h OAx

Ap — —
. Ap+4

(39)

In this case due to formulae (36) and (38) the equation (39) takes the
following form:

h 1
A Ap + ANax (40)
or 1 h
Nay — — )i, = —. 41
( Az 4NA$) min Ap ( )
That is 5
Ap = (42)

From (40)—(42) it is clear that HUP (34) in the case of the equality appears
to a high accuracy in the limit Naz > 1 in conformity with (38).

It is easily seen that the parameter «, from (13) is discrete as it is nothing
else but

2 l?mn 1
= lmln/a NQZQ = m (43)

At the same time, from (43) it is evident that «, is irregularly discrete.
It is clear that from formula (42) at low energies (Naz > 1), up to a
constant

h? hc?
2o 40/ G (44)
we have
= (Ap)*. (45)
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But all the above computations are associated with the nonrelativistic case.
As known, in the relativistic case, when the total energy of a particle with
the mass m and with the momentum p equals [54]:

E = /p?>c® + m?c?, (46)

a minimal value for Az takes the form [55]:

h
Ax ~ % (47)
And in the ultrarelativistic case
E =~ pc (48)
this means simply that "
Ar =~ . (49)

Provided the minimal length [,,;, is involved and considering the <Inte-
grality Condition> (IC) (36), in the general case for (47) at the energies
considerably lower than the Planck energies £ < Ep we obtain the follow-
ing:

ch
Az = NAxlmm ~ Ea

or
ch

EF =~ .
NAJ}

(50)

Similarly, at the same energy scale in the ultrarelativistic case we have

Note that all the foregoing results associated with GUP and with its lim-
iting transition to HUP for the pair (Axz, Ap), as shown in [32], may be in
ultrarelativistic case easily carried to the <energy - times pair (At, AE).
Indeed (3) gives [32]:

h Ap

Ax
—_— > — ) p— 52
c _Apc%_ozpch7 (52)
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then 2

h Apc h AE

At > — e {7ty
N N (53)
where according to (48) the difference between AE and A(pc) can be ne-
glected and tp is the Planck time tp = Lp/c = \/Gh/c® ~ 0,54 10~ *3sec.

From whence it follows that we have a maximum energy of the order of
Planck’s:

Emax ~ EP

Then the foregoing formulas (34)—(41) are rewritten by substitution as fol-
lows:

Specifically, (41) takes the form

1 h

Nap — —— Vb, = —.
(Nat 4NAt>t”“" AE

(55)
As shown, for the ultrarelativistic case there is t,,;,.

Next we assume that for all cases there is a minimal measuring unit of
time

tmin = lmin/vmax = lmm/c (56)

Then, similar to (36), we get the <Integrality Condition> (IC) for any
time ¢:

for certain |N;| > 0 — integer.
According to (55), let us define the corresponding energy E

h

EFE=FN)= —7F—-—.

(58)
Note that at low energies F < Ep, that is for |[N;| > 1, the formula (58)
naturally takes the following form:

h h
E=E(N,) = EATTATT (59)
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Definition 2.
Let us define the quantity having the dimensions of length L or time t mea-
surable, when it satisfies the relation (36) (and respectively (57)).

Thus, measurable infinitesimal changes in length (and hence in time)
are impossible and any such changes are dependent on the existing ener-
gies.

In particular, a minimal possible measurable change of length is [,,,;,. It
corresponds to some maximal value of the energy E,,,, or momentum P,,,,,
If l,,in o lp, then E, .. X Ep,P.. < Pp;, where P,,,,. o< Pp;, where Pp,
is where the Planck momentum. Then denoting in nonrelativistic case
with A,(w) a minimal measurable change every spatial coordinate w
corresponding to the energy E we obtain

Apmm (w) = AEmaz (’LU) = lmzn (60)

Evidently, for lower energies (momentums) the corresponding values of
Ap(w) are higher and, as the quantities having the dimensions of length
are quantized (36), for p = p(N,) < Pmaz, LDp(w) is transformed to

| D pavp) (W)] = | Np|lmin.- (61)
where |N,| > 1-integer so that we have

h

1
Ny = —lbin = -
! 4N, |p(Np>|

(62)

In the relativistic case the formula (60) holds, whereas (61) and (62) for
E = E(Ng) < Enq. are replaced by

|AE(NE)<w)‘ = ’NEllmma (63>
where |Ng| > 1-integer.

Next we assume that at high energies I oc Ep there is a possibility only for
the nonrelativistic case or ultrarelativistic case.
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Then for the ultrarelativistic case, with regard to (48)—(55), formula (62)
takes the form

1 he h
Ng — —— lmin = - y 64
Ne — 15, E(Ng)  |p(Np)| ()

where N = N,,.
In the relativistic case at low energies we have

E < Epas x Ep. (65)

In accordance with (46),(47) formula (61) is of the form

he

AN =|N = —
| E(NE)(U))’ | NE[lmin E(Np)

.| Ng| > 1 — integer. (66)
In the nonrelativistic case at low energies (65) due to (62) we get

h
|Apny (W) = | Np|lmin = =7, |Np| > 1 — integer. (67)
p(Np) p (V)] P

In a similar way for the time coordinate ¢, by virtue of formulas (57)—(59),
at the same conditions we have similar formulas (60),(61),(62)

AE’maz (t) = tmzn (68)
For £ = E(N;) < Epag
| A g ()] = | Ne|tmin, (69)

where |Ng| > 1l-integer, so that we obtain

1 he
Ny — —|tmin = ——= 70
’ t 4Nt ‘ E(Nt) ( )
In the relativistic case at low energies
EF < Enp < Ep, (71)
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in accordance with (46),(47), formula (61) takes the form

he

YA = |Nl iy = ——
| E(Nt)(w)| | t|mm E(Nt)

, | Nt| > 1 — integer. (72)

Comment 1

Obviously, when [,,;, is involved, the foregoing formulas for the momentums
p(N,) and for the energies E(Ng), E(N;) may certainly give the highly ac-
curate result that is close to the experimental one only at the verified low
energies: |N,| > 1,|Ng|> 1,|N;| > 1.

In the case of high energies £ « E,,,, o Ep or, what is the same |N,| —
1,|Ng| — 1,|N¢| — 1, we have a certain, experimentally unverified, model
with a correct low-energy limit

In what follows, within the scope of the above definitions, we consider,
unless stated otherwise, only measurable increments (variations) of the
space-time quantities and the corresponding momentums and energies.
Proceeding from all the above, this simply means that all minimal incre-
ments (variations) of the space-time quantities are dependent on the present
energies and coincident with the corresponding minimal uncertainties
from the Uncertainty Principle at the All Scales Energies.

3.2 Gravity for the Static Spherically-Symmetric Space
With Horizon in Terms of Measurable Quantities

Now let us return to the example of a horizon space given in Subsection 2.2.2
(formula (22)), considering it in greater detail and in view of Definition 2.
Gravity and thermodynamics of horizon spaces and their interrelations are
currently most actively studied [46], [56]-[67]. Let us consider a relatively
simple illustration — the case of a static spherically-symmetric horizon in
space-time, the horizon being described by the metric

ds* = —f(r)dt* + f~(r)dr? + r2dQ2. (73)

The horizon location will be given by a simple zero of the function f(r), at
the radius r = a.
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This case is studied in detail by T.Padmanabhan in his works [56, 46]. We
use the notation system of [46]. Let, for simplicity, the space be denoted as
H.

It is known that for horizon spaces one can introduce the temperature that
can be identified with an analytic continuation to imaginary time. In the
case under consideration ([46], eq.(116))

hef'(a)
T = . 1
g dm (74)
Therewith, the condition f(a) =0 and f'(a) # 0 must be fulfilled.
Then at the horizon r = a Einstein’s field equations
Al 1
— | = — 2| =47P 2
e {2]” (a)a 2} nPa (75)

where P =T is the trace of the momentum-energy tensor and radial pres-
sure.

Now we proceed to the variables <a from the formula (13) to consider (75)
in a new notation, expressing a in terms of the corresponding deformation
parameter . In what follows we omit the subscript in formula (13) of ay,
where the context implies which index is the case. In particular, here we
use « instead of «,. Then we have [29]

a=la 2 (76)

Therefore,

f(a) = =205,0° f (). (77)
Substituting this into (75) we obtain in the considered case of Einstein’s
equations in the <a-representation> the following [29]:

c* / 1 —172

Multiplying the left- and right-hand sides of the last equation by «, we get

(79)

min*

(—f(a)a* — %a) = 47 PI?

Ql %
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L.h.s. of (79) is dependent on «. Because of this, r.h.s. of (79) must be
dependent on « as well, i. e. P = P(«), i.e

(80)

min®

% (~F(@)0” - 50) = 4rP(0)i

Note that in this specific case the parameter o within constant factors is
coincident with the Gaussian curvature K, [68] corresponding to a:

l2 : 9

Substituting r.h.s of (81) into (80), we obtain the Einstein equation on
horizon, in this case in terms of the Gaussian curvature
¢t 1

5(_f/(Ka>K§ - iKa> = 47TP(KCL>' (82)

This means that up to the constants

1
—f(K.)K? — 5o = P(Ka), (83)
i.e. the Gaussian curvature K, is a solution of Einstein equations in this
case.
Then we examine different cases of the solution (83) within the scope of
Definition 2 — in the case when a is a measurable quantity (36).

3.2.1) First, let us assume that a > l,,;,. As, according (36), the radius a
is quantized, we have a = N,l,,,;, with the natural number N, > 1. Then
it is clear that the Gaussian curvature K, = 1/a* ~ 0 takes a (nonuniform)
discrete series of values close to zero, and, within the factor 1/12, | this
series represents inverse squares of natural numbers

1 1 1

W)= Wz Er

). (84)

Note that N, > 1 is associated with the low-energy case £ < Ep and hence
all variations (increments) of the radius R = a are given by the formulas
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(66) or (67).

For definiteness, without the loss in generality, we suggest that the case
under consideration (66) is relativistic, and the minimal increment a is
given by

a — a =+ Nglyin
1 < |Ng| < N,. (85)
Then it is clear that

| Nl
N,

aiAE(NE) =a=* AE(NE)<w) = Na(l + )lmzn (86)

But, as N, > 1, for sufficiently large N, and fixed F, the bracketed expres-
sion in r.h.s. (86) is close to 1 under (85):

| NE|
14 ~ 1.
v (s7)
Obviously, we get for fixed F
N
im (1+ | E') — 1. (88)

As aresult, the Gaussian curvature K, corresponding to r = axa Np)

iAE(NE)

1

—_— 89
N2(1 =+ Bzl)2 (89)

=1/d? X
aaiAE(NE) / :tAE(NE)

in the case under study is only slightly different from K,,.

Thus, the Gaussian curvature K,, for fixed E, due to its smallness (K, < 1,
is practically continuously dependent on the increments Ap(y,) (formulas
(86)—(89)). Then in terms of K,, up to the constant factor, we can obtain
the following:

d[L(K,)] = d[P(K,)], (90)
Where have )
L(Ka) = _f,(Ka)Kg - §Kzz7 (91)



i. e. Lh.s of (82) (or (83)).
But in fact, as in this case the energies are low, it is more correct to consider

L(K

aiAE(NE))

— L(K,) = P(K,

- P(Ka) = FE[P(Ka)L (92)

with fixed E and Apgy,) from (65),rather than (90).
In view of the foregoing arguments 3.2.1), the difference between (92) and
(90) is insignificant and it is perfectly correct to use (90) instead of (92).
3.2.2) Now we consider the opposite case or the transition to the ultraviolet
limit

a = Klpin. (93)
Here k is on the order of 1.
Then it is clear that formulas (87) and (88) are no longer valid as the ener-
gies I o< Ep, N, = r are close to 1 and |Agny)|/a = |Ng|/N, =~ 1.
In this case the Gaussian curvature K, is not a <small value> continuously
dependent on a and takes, according to (89), a discrete series of values
K, K, S where 7,7, ...~ integers on the order of 1.
Yet (75), similar to ”(L82) (83), is valid in the semiclassical approximation
only, i.e. at low energies.
In accordance with the above arguments, the limiting transition to high
energies (93) gives a discrete chain of equations or a single equation with
a discrete set of solutions as follows:

Enlmin’ ai /

1

_f,(Ka)Kc% - §Ka = O(K,);
1
_f,(Kainlmin)Kg:tnlmin - §Kainlmin - @(Kainlmln)’

and so on. Here O(K,) — some function that in the limiting transition
to low energies must reproduce the low-energy result to a high degree of
accuracy, i.e. P(K,) appears for a > [, from formula (83)

lim O(K,)) = P(K,). (94)

Kq—0
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In general, ©(K,) may lack coincidence with the high-energy limit of the
momentum-energy tensor trace (if any):

ailzm P(K,). (95)
At the same time, when we naturally assume that the Static Spherically-
Symmetric Horizon Space-Time with the radius of several Planck’s units
(93) is nothing else but a micro black hole, then the high-energy limit (95)
is existing and the replacement of O(K,) by P(K,) in r.h.s. of the foregoing
equations is possible to give a hypothetical gravitational equation for the
event horizon micro black hole.
In all the cases under study, 3.2.1) and 3.2.2), the deformation parameter «,
(13) is, within the constant factor, coincident with the Gaussian curvature
K, that is in essence continuous in the low-energy case and discrete in the
high-energy case.
In this way the above-mentioned example shows that, despite the
absence of infinitesimal spatial-temporal increments owing to the
existence of [,,;, and the essential «discreteness> of a theory, this
discreteness at low energies is not <felt>, the theory being actu-
ally continuous. The indicated discreteness is significant only in
the case of high (Planck’s) energies.

It is seen that the infinitesimal increment of entropy dS of the spheri-
cally symmetric holographic screen S with the radius R and with the surface
area A is a nonmeasurable quantity.

Really, it is obvious that infinitesimal variations of the screen surface area
dA are possible only in a continuous theory involving no /,,;,.

When [,,,;,, < Ip is involved, the minimal variation AA is evidently associ-
ated with a minimal variation in the radius R

R— R+lyn=R+Ap. (R) (96)

it is dependent on R and growing with ~ R for R > l,,;, (possible only at
the maximum energy F,.. < Ep)
AL A(R) = (A(R £ Lnin) — A(R)) o< (£2Rlmin + 12,,) < (£2Ngp +1), (97)

man
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where Ngr = R/lin, as indicated above in (36).
But if ¥ < E,,.; < Ep, then a minimal variation in the radius R is
obviously greater than l,,;,

labelbitdensityl 1R — R+ Ap(n,)(R) = R £ |Ng|lnin, (98)

and in this case in the right-hand side of (97), within the constant /2, , we
have the number quickly growing at low energies as well:
AL A(R) = (A(R =% Lnin) — A(R)) o (£2RNglnin + NplZ0)

In any case from this it follows that dA has no chance to be a measurable
quantity, as its measurability suggests measurability of the quantity dR,
and this is impossible.

Since dS, within a multiplicative constant, equals dA [19],[20]: dS x dA/4,
dS is also a nonmeasurable quantity.

Because of this, the <main instruments in the well-known paper [1] that
is the infinitesimal variation d/N in the bit numbers N on the holographic
screen S is also a nonmeasurable quantity [3] as dN o dS to within an
integer factor.

Let us return to equation (22) of Section 2, but now in the new context.
In [46] it is more generally shown that the Einstein Equation for horizon
spaces in the differential form may be written as a thermodynamic identity
(the first principle of thermodynamics) ([46], formula (119)):

hicf'(a) ¢ (1. 1 ctda 4,
—_d (-4 — 2t o pd 2a). 1
m art\at™ yq P\ ge (100)
kpT ds —dE Pdv

where, as noted above, T'— temperature of the horizon surface, S —corresponding
entropy, E£— internal energy, V' — space volume.

Similar to the previous example from [1], with the use of formulas (96)—(99)

we can demonstrate that, in terms of the measurable quantities of Def-
inition 2, there are no infinitesimal increments da, dV, dS.
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In fact, we have no-go theorems.

It should be noted that the example given in this Subsection has been stud-
ied in [3], with a single but significant difference — instead of the energy
dependent increments of the radius R = a, in [3] the space fluctuations R
[69]-[92] have been considered.

4 Conclusion

The last statements concerning dS, dN may be explicitly interpreted using
the language of a quantum information theory as follows:

due to the existence of the minimal length [,,;,, the minimal area
[2,.. and volume [2 , are also involved, and that means <quantiza-
tion> of the areas and volumes. As, up to the known constants, the
<bit number> N from (2) and the entropy S from (4) are nothing else but

A A
e ’N_F ’

min min

S (101)

it is obvious that there is a <minimal measure> for the <amount of data> that
may be referred to as <one bit> (or <one qubits).

The statement that there is no such quantity as dN (and respectively dS)

is equivalent to claiming the absence of 0,25 bit, 0,001 bit, and so on.

This inference completely conforms to the Hooft-Susskind Holographic Prin-

ciple (HP) [5]-[8] that includes two main statements:

(a)All information contained in a particular spatial domain is concentrated
at the boundary of this domain.

(b)A theory for the boundary of the spatial domain under study should
contain maximally one degree of freedom per Planck’s area [%.

In fact (but not explicitly) HP implicates the existence of l,,;, = {p. The

existence of [,,,;, < [p totally conforms to HP, providing its generalization.
Specifically, without the loss of generality, I% in point (b) may be replaced
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So, as demonstrated in the previous Section for the particular cases, pro-
vided a theory involves the minimal length [,,;, o lp, gravity is almost
independent of the parameters associated with this length, specifically «;
i.e. the dependence is weak, and so the theory is practically continuous.
This stems from the fact that these parameters are very small due to re-
moteness of the energies characterizing them from the Planck energies and
almost insensitive to the corresponding change in measuring scales.

Despite a discrete nature of the theory owing to the existence of [,
to a high degree of accuracy we can use infinitesimal variations of dx,,, co-
incident in the case under study with l,,,;, and t,,;,. In this way in the case
considered in Section 3.2 the Conformity Principle stating that (on going
to low energies the known theory (in particular GR) must be reproduced to
a high degree of accuracy, at least its experimentally verified part) holds to
a high accuracy.

Still it is clear that, as formally GR has no additional parameters asso-
ciated with [,,;, and the low-energy for now hypothetical variant of the
minimal length theory denoted as Grav'mn has such parameters, there is
also the high accuracy limit indicated above. This limit in every case
determines the <gap> between GR and Grav'i. Evaluation of this gap is
a real challenge for those trying to construct a unified theory at all energy
levels.

As noted in 3.2, for high energies, i.e. for | — [, a discrete chain of
equations (or a single equation with a discrete set of solutions) is derived
that is numbered by inverse squares of the integers 1;1/4;1/9; .....

We have used GR to demonstrate that the above models in 3.2 at low
energies are actually insensitive to variations of the discrete parameters o
associated with the minimal length. Of course, it is more correct to use
Gravi™n and to compare the obtained results with GR. But, as yet there
is no Grav'min, it is connived that at low energies GR and Grav'=i» differ
insignificantly and the indicated parameters, provided [,,;, is involved, are
introduced into GR similarly to Grav'm.
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As the Planck length Ip = (AG/c*)'/? is expressed in terms of the funda-
mental constants, the proportionality coefficient ¢ from formula (3), relating
lmin and [p, in a minimal-length theory [,,;, should also be a fundamental
constant because it (along with G, h, and ¢) must be involved in all the
basic formulae of this theory. Then the question arises: what is its value?

In [13] for the coefficient o in GUP (3) the substantiated value was equal to
1. Provided this is true, £ = 2 and hence the Bekenstein-Hawking formula

for the black hole entropy SZ# may be written most naturally and elegantly
as follows: A
SBH — e (102)

min

So, the principal inference of Section 3 this work is as follows:
provided the minimal length [,,,;,, is involved, its existence must be taken into
consideration not only at high but also at low energies, both in a quantum
theory and in gravity. This becomes apparent by rejection of the infinites-
imal quantities associated with the spatial-temporal variations dz,,,.... In
other words, with the involvement of l,,;,, the General Relativity (GR)
must be replaced by a (still unframed) minimal-length gravitation theory
that may be denoted as Grav'mi». In their results GR and Grav'=» should
be very close but, as regards their mathematical apparatus (instruments),
these theories are absolutely different.
Besides, Gravt» should offer a rather natural transition from high to low
energies

[Ny ~ 1] — [N > 1] (103)

and vice versa
[NL > 1] — [NL ~ 1], (104)

where Ny, — integer from formula (36) determining the characteristics scale
of the lengths L (energies £ ~ 1/L o< 1/Np).
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