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Abstract

Using the previously introduced measurability notion, in this work
the author continues his studies of space-time (or otherwise quantum)
fluctuations, i.e. quantum foam. At the beginning, the author presents
his earlier results which are needed for better understanding of his con-
cept and also the structure of gravity in the measurable form at all
energy scales. In the second part of the paper these results are applied
to study the quantum foam in the case of a measurable consideration.
It is demonstrated that measurability allows for a new approach to
investigation of quantum fluctuations of the metric, especially at high
(Planck) energies, i.e. in the quantum-gravitational region, leading to
new approaches to studies of the quantum foam. Then the possibility
for applying the obtained results to the well-known problems of Gen-
eral Relativity, in particular to the problem of the existence of Closed
Time-like Curves (CTC) is discussed.

Subject Classification: 03.65, 05.20
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1 Introduction

This paper is a continuation of previous works written by the author [1]–
[7] with the use of the measurability concept. Section 2 presents a short
description of the prior information with the relevant references. In this Section
the author lifts some initial restrictions (limiting conditions) imposed in the
above-mentioned papers. Specifically, it is not supposed from the start that a
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theory involves some minimal length lmin. Instead, the primary length `.It is
noted that the whole formalism developed in [1]–[5] on condition that ` = lmin
is a minimal length is fully valid for the case when ` is the primary length.
Sections 3 presents the results, earlier obtained in [5], pertinent to a study of
gravity in the measurable form at all energies scales.
Finally, in Section 4 the obtained results are applied to study the quantum
foam in a measurable consideration. This Section is a continuation of Section
5.2 in [3]. It is demonstrated that measurability allows for studies of quantum
fluctuations of metrics on the basis of a new approach. In the case of high
energies E ≈ Ep, i.e.in the quantum-gravitational region, this approach leads
to new investigation methods for the quantum foam.

2 Preliminary Information Briefly

In this Section we briefly consider some of the results from [1]–[5] which are
essential for subsequent studies. Without detriment to further consideration,
in the initial definitions we lift some unnecessary restrictions and make impor-
tant specifications.
Presently, many researchers are of the opinion that at very high energies
(Plank’s or trans-Planck’s) the ultraviolet cutoff exists that is determined by
some maximal momentum.
Therefore, it is further assumed that there is a maximal bound for the mea-
surement momenta p = pmax represented as follows:

pmax
.
= p` = h̄/`, (1)

where ` is some small length and τ = `/c is the corresponding time. Let us
call ` the primary length and τ the primary time.
Without loss of generality, we can consider ` and τ at Plank’s level, i.e.
` ∝ lp, τ = κtp, where the numerical constant κ is on the order of 1. Con-
sequently, we have E` ∝ Ep with the corresponding proportionality factor,
where E`

.
= p`c.

Explanation. In the theory under study it is not assumed from the start
that there exists some minimal length lmin and that ` is such. In fact, the
minimal length is defined with the use of Heisenberg’s Uncertainty Principle
(HUP) ∆x ·∆p ≥ 1

2
h̄ or of its generalization to high (Planck) energies – Gen-

eralized Uncertainty Principle (GUP) [41]–[49], for example, of the form [41]

∆x ≥ h̄

∆p
+ α′l2p

∆p

h̄
, (2)

where α′ is a constant on the order of 1. Evidently this formula (2) initially
leads to the minimal length ˜̀ on the order of the Planck length ˜̀ .= 2

√
α′lp.
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Besides, other forms of GUP [49] also lead to the minimal length. Thus, we
should note that in all the works lmin is actually (but not explicitly) introduced
on the basis of some measuring procedure (different forms of the Generalized
Uncertainty Principle (GUP)). In any form GUP in turn is a high-energy gen-
eralization of HUP. But in the original proof of HUP a planar geometry of the
initial space-time was actively used [50]. Extension of this principle to other
pairs of conjugate variables is also valid only for quantum mechanics in the
planar geometry space [51]. As HUP is a local principle, at low energies in the
curved space-time, by virtue of Einstein’s Equivalence Principle, we can con-
sider that in a fairly small neighborhood of any point the geometry is planar an
hence HUP is valid too. But all the results obtained point to the fact that lmin
should be at a level of lp,i.e. lmin ∝ lp, or even should be smaller. However, as
showed in the papers..., at the Planck scales Einstein’s Equivalence Principle
(EEP) is obviously inapplicable, and there is no way to use the measuring
procedure ignoring the space geometry at these scales. Meantime, none of the
GUP forms [49] makes an effort to include it and is hardly completely correct.
Moreover, there are some serious arguments against GUP as demonstrated in
Section IX of the review paper[49]. The foregoing considerations support ar-
gumentation against the introduction of lmin from the start.
Because of this, in the present work the validity of this principle is not implied
from the start too. GUP is given merely as an example. As pmax (1) is taken
at Planck’s level, it is clear that HUP is inapplicable. Taking this into consid-
eration, the existence of a certain minimal length ˜̀ is not mandatory. So, we
start from the primary length ` and the primary time τ . The whole formalism,
developed in [1]–[5] on condition that ` is the minimal length, is valid for the
case when ` is the primary length but now we can lift the formal requirement
for involvement of lmin in the theory from the start.
There is one more barrier for the use of lmin in the theory as indicated in [48]
and other works (for example, [49]). In the above-mentioned papers, it has
been noted that there is a nonzero minimal uncertainty in position, i.e. lmin
implies that there is no physical state which is a position eigenstate since an
eigenstate would, of course, have zero uncertainty in position. So, in this case
in a quantum theory we have the momentum representation rather than the
position representation, and the quantum theory becomes very depleted.
The question arises whether the introduction of pmax is naturally associated
with the involvement of a minimal length. But this is the case only when at
the energies Emax corresponding to pmax we have the substantiated measuring
procedure. Unfortunately, this is not the case.
Note that in the canonical QFT in continuous space-time (i.e. without lmin)[26]
–[28] measurements of the contributions in the loop amplitudes involve the
standard cut-off procedure for some large (maximal) momentum pcut

.
= pmax.

Then it is demonstrated that the theory at low energies p � pcut is in fact
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independent of the selection of pcut
.
= pmax. Of course, the theory still remains

to be continuous [26] –[28]. In this case we make another step forward, re-
lating the corresponding length ` = h̄/pmax to pmax and constructing on its
basis a low-energy theory very close to the initial continuous theory. Now we
have the naturally derived parameter ` for the construction of a high-energy
deformation of this theory at the energies E ≈ Emax within the scope of de-
termining the physical theory deformation [40].So, we start from the primary
length ` and the primary time τ . The whole formalism, developed in [1]–[5]
on condition that ` is the minimal length, is valid for the case when ` is the
primary length but now we can lift the formal requirement for involvement of
lmin in the theory from the start.
Based on pmax and ` in [6], [7], the notions of primary measurability and
generalized measurability have been introduced and studied. Then, in
terms of them, the author has constructed in the general form the quantum
theory and gravity which at low energies E � Ep are close to the correspond-
ing canonical theories in continuous space-time.
In what follows we mainly make references to [5]–[7]. In particular, the basic
definitions Primary Measurability,Generalized Measurability,Primarily
Measurable Quantities(PMQ),Primarily Measurable Momenta(PMM),
Generalized Measurable Quantities(GMQ) and the like are given in Sec-
tion II of [5].
The canonical quantum field theory (QFT) [26]– [28] is a local theory at all
energies scales considered in continuous space-time with a plane geometry, i.e
with the Minkowskian metric ηµν(x). But, as it has been already noted in this
work and indicated by the author in [6],[7], the space-time metric can not be
Minkowskian at all energies scales due to the great metric quantum fluctua-
tions arising at the Planck scale E ≈ Ep and due to replacement of the known
space-time geometry by space-time (quantum) foam [11]–[16].
The Planck scales E ≈ Ep present a natural bound for the applicability of
EEP. However, it has been noted in [6], [7] that this bound in the general
case is not the upper bound. In fact, this bound should satisfy the condition
E � Ep. As this takes place, the energy scales E � Ep are understood as the
energies in the interval 0 < E ≤ 10−2Ep.
It is clear that we can suggest relativistic invariance of the theory only within
the above-mentioned energy scales.
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3 General Relativity in Terms of Measurable

Quantities and Its High-Energy Deforma-

tions

At low energies E � Ep for connectivity coefficients in gravity, i.e. Christoffel
symbols, and for the fixed set {N} .= (Nxχ) in paper [5] the author has derived
their expressions in the measurable form (for example formula (50) in [5]):

Γαµν(x, {N}) =
1

2
gαβ(x, {N}) (∆νgβµ(x, {N}) + ∆µgνβ(x, {N})−

−∆βgµν(x, {N})). (3)

Here, to make it short, the author denotes the operator ∆/∆Nxχ
from formula

(9) in [5] as ∆χ, and Nxχ–corresponding element from the set {N}.
In [5] it is shown that, with the use of (3) in the measurable form, one can
obtain all the base quantities of General Relativity (GR), in particular the
Riemann tensor Rµ

ναβ(x, {N}) and, finally, the measurable form of Einstein
Equations, for short denoted as (EEM) (abbreviation for Einstein Equations
Measurable) (formula (57) in [5]):

EEM{N} .= Rµν(x, {N})−
1

2
R(x, {N}) gµν(x, {N}) + λ(x, {N}) gµν(x, {N}) =

= 8π GTµν(x, {N}). (4)

Considering the properties of {N}, for the measurable form of GR the
Bianchi identity may be written, to a high accuracy, as follows:

D̃ρ,{N}R
χ
λµν(x, {N}) + D̃µ,{N}R

χ
λµρ(x, {N}) + D̃ν,{N}R

χ
ναβ(x, {N}) = 0, (5)

where D̃α,{N} = ∆
∆Nxα

+ Γµνα(x, {N}) and Nxα ∈ {N}.
Actually, it is clear that (EEM) given by formula (4) represents deformation
of the canonical Einstein equations (EE) [8] in the sense of the Definition given
in [40] with the deformation parameter {N} (or 1/{N}), and we evidently have
[5]

lim
|{N}|→∞

EEM{N} = EE

or same lim
1/|{N}|→0

EEM{N} = EE . (6)

It should be noted that the understanding of ”high energies” in gravity and
in other theories (in particular in gauge theories) is different. According to
the current knowledge, in gravity these energies are at a level of the Planck
energies E ≈ Ep (or same E ≈ E`) which are associated with origination of the
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quantum-gravitational effects. In [5], using the definitions given in Remark
2.0, the author has constructed a high-energy (Planck) deformation of GR of
the form

EEM[Nq]
.
= Rµν(x, {Nq})−

1

2
R(x, {Nq}) gµν(x, {Nq})−

+λ(x, {Nq}) gµν(x, {Nq}) =

= 8π GTµν(x, {Nq}). (7)

Here {Nq} .= {Nxχ}, χ = 0, ..., 3 is a set of the integer numbersNxχ the absolute
values of which are close to 1.
The small quantity `/Nxχ = `2

h̄
pNxχ ,where pNxχ is a primarily measurable

momentum and |Nxχ| � 1, at low energies E � E` in the case under study
has its analog at high energies E ≈ E`–the quantity lH(pNxµ ) that is given by
formula formula (113) in [5].
As absolute values of the integers Nxµ are small, the quantities lH(pNxµ ) are
varying discretely and hence the high-energy deformation of GR specified by
EEM[Nq] (formula (7)) is in fact a discrete theory.
It is clear that in this case the limit

pNxχ , (|Nxχ| ≈ 1)
|Nxχ |≈1→|Nxχ |�1

⇒ pNxχ , (|Nxχ| � 1), (8)

where momenta in the right-hand side of formula (8), i.e. pNxχ , (|Nxχ| �
1), are the primarily measurable momenta at low energies E � Ep and
pNxχ , (|Nxχ | ≈ 1) – corresponding generalized measurable momentum from
Section 2 in [5], should be valid.
Then for the canonically measurable prototype of the infinitesimal space-time
interval at low energies E � Ep is replaced by its quantum analog or the
canonically measurable quantum prototype for E ≈ Ep taking the form (the
formula (112) in [5])

∆s2
{N}(x,q)

.
= gµν(x, {N},q)lH(pNxµ )lH(pNxν ) =

`4

h̄2 gµν(x, {N},q)pNxµpNxν . (9)

Here there is no doubt that the numbers Nxµ , Nxν belong to the set {N}, all
the components of this set are integers with small absolute values, pNxχ are the
generalized measurable momenta at high energies corresponding to formula
(8) and gµν(x, {N},q) meets the condition

gµν(x, {N},q), (|{N}| ≈ 1)
|{N}|≈1→|{N}|�1⇒ gµν(x, {N}), (|{N}| � 1), (10)

where gµν(x, {N}) = gµν(x,Nxχ) is a metric in the measurable form at low
energies (formula (19) in [5]).
Thus, at high energies E ≈ Ep we have

lH(pNxχ )
.
=
`2

h̄
pNxχ ; |Nxχ| ≈ 1. (11)
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Then by the change `/Nxχ 7→ lH(pNxχ ) in formulae we can have quantum
analogs of minimal measurable variations of the metric and of the partial
derivative

∆qgµν(x,Nxχ ,q)χ
.
= gµν(x+ lH(pNxχ ), Nxχ ,q)− gµν(x,Nxχ ,q),

∆χ,qgµν(x,Nxχ ,q)
.
=

∆qgµν(x,Nxχ ,q)χ
lH(pNxχ )

. (12)

Using the substitution

`

Nxµ

7→ lH(pNxµ );
∆

∆Nxµ

7→ ∆q

∆Nxµ ,q

,

∆qF(xµ)

∆Nxµ ,q

=
F (xµ + lH(pNxµ ))− F (xµ)

lH(pNxµ )
(13)

and applying this substitution to all corresponding formulae in the measur-
able format of GR at low energies, we can derive at planck energies E ≈ Ep all
the components high-energy deformation of Einstein Equations in the mea-
surable form EEM[Nq] (7) (or formula (117) in [5])
As a result, we have

lim
E�Ep

EEM[Nq] = EEM or lim
|{Nq}|�1

EEM[Nq] = EEM. (14)

For EEM[Nq], the metrics gµν(x,Nxχ ,q) (formula (9)) represent the solution.

4 Quantum Foam and Measurability

In accordance with the modern understanding of the problem, at high energies
E ≈ Ep the space geometry, due to high Space-Time Quantum Fluctuations
(stqf), represents the ”space-time foam”(stf) (or otherwise and exactly ”quan-
tum foam” (qf)) [11]–[25]. The notion of ”quantum foam” was introduced by J.
A. Wheeler about 60 years ago for the description and investigation of physics
at Planck scales (Early Universe). Actually, because of high quantum fluc-
tuations of the metric gµν , the space has a quantity of geometries. Despite
the fact that in the last time numerous works have been devoted to physics at
Planck scales within the scope of this notion, by this time still their no clear
understanding of qf as it is.
And it should be noted that the proposed approach can be considered as a
development of the idea of qf,i.e. space-time geometry qf [11]–[25] but for the
case of discrete consideration. Really, at low energies E � Ep the canon-
ical metric components in a continuous consideration gµν(x) may be taken as
components of the metric in the measurable form gµν(x,Nxχ) ((formula (19)
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in [5])) for Nxχ =∞, i.e. we have gµν(x) = gµν(x,∞)). But, as at low energies
|Nxχ| � 1, the theory may be considered continuous to a high accuracy [5].
Then, expanding the quantity gµν(x,Nxχ) into a series in terms of the small
parameter 1/Nxχ close to the point gµν(x) and retaining only the zero- or first-
order terms (due to obvious smallness of all the remaining terms), in fact, we
arrive at the formula for fluctuation of the metric g in a region with the size
L ([13],formula (43.29)):

∆g ∼ lp
L
. (15)

Indeed, as lp ∝ `, considering that the energies are low and with due regard for
definition in [7], L represents PMQ. Then, setting L = Nxχ` and substituting
it into (15),we get the following [3]:

∆g ∼ lp
L
∼ `

Nxχ`
=

1

Nxχ

. (16)

So, at low energies the indicated quantum fluctuations are very small, actually
being coincident with the basic parameters in the measurable approach (pa-
rameters of the corresponding deformation).
But, as demonstrated by formulae (7)–(13), at high energies E ≈ Ep this is
not the case, and quantum fluctuations
gµν(x, {N},q), (|{N}| ≈ 1) of the metric gµν(x, {N}), (|{N}| � 1) are great.
In this case in the measurable form the notion ”space-time foam” or
”quantum foam” is absolutely adequate because the only restriction im-
posed on
gµν(x, {N},q), (|{N}| ≈ 1) is (10). It is clear that in this case there is a great
deal of different gµν(x, {N},q), (|{N}| ≈ 1). As the measurable analogs of
Einstein Equations at low energies EEM (4) and at high energies EEM[Nq]
(7), according to the above formulae, are determined by the quantities pNxχ ,
where |Nxχ| � 1, |Nxχ| ≈ 1, respectively, at low energies for the given metric
gµν(x, {N},q), (|{N}| � 1) its quantum fluctuations in the general case are de-
termined by the functions Gµ(Nxµ), µ = 0, ..., 3 which are dependent on integer
values of Nxµ so that [3]

pNxµ
.
=

h̄

Gµ(Nxµ)`
, (17)

and

lim
|Nxµ |→∞

Gµ(Nxµ) = Nxµ . (18)

Still, some models based on micro-black holes are very interesting and fairly
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promising. In particular, the models studied in [16]–[22] and based on micro-
black holes, i.e. black holes with a Schwarzschild radius of several Planck units
of length.
It should be noted that the case of micro-black holes with the Schwarzschild
metric in terms of measurable quantities has been already studied by the
author in his paper [4]. In this paper, within the scope of validity of the
Generalized Uncertainty Principle (GUP) of Section 2, in terms of the mea-
surability notion the gravitational equations at the event horizon surface of
these holes have been derived and their basic thermodynamic characteristics
(temperature, entropy) have been obtained.
It is obvious that these holes form a discrete finite set, provided their Schwarzschild
radii rmbh are considered primarily measurable quantities:

rmbh = Nrmbh`,Nrmbh ≈ 1, (19)

where Nrmbh is an integer number.
As, in accordance with GUP of Section 2, we have

p(Nxi , GUP ) =
h̄

1/2(Nxi +
√
N2
xi
− 1)`

, i = 1, ..., 3, (20)

on passage from high energies E ≈ Ep to low energies E � Ep, formulae
(17),(18) are valid and we can, to a high accuracy, obtain at low energies the
primarily measurable momenta p(Nxµ), |Nxµ| � 1.
However in [4], due to the validity of GUP, initially it has been supposed that
` is a minimal length, that is a rather restrictive condition as noted in the very
beginning of Section 2. But in the case under study we assume only that ` is
a primary length, i.e. it satisfies the formula of (1).
Then formula (20) for the integer Nxi takes the following form:

pNxi =
h̄

1/2(Nxi +
√
N2
xi
− 1)`

, i = 1, ..., 3, (21)

and formulae (17),(18) are valid too. This is in line with remark from Section
2: ”the whole formalism, developed in [1]–[5] on condition that ` is the minimal
length, is valid for the case when ` is the primary length”.
In the terms and notations from [15], for the fluctuations δ̃l of the distance l,
the estimate is as follows:

(δ̃l)γ ∼> lγp l
1−γ = lp(

l

lp
)1−γ = l(

lp
l

)γ = lλγl , (22)

or that same

|(δ̃l)γ|min = βlγp l
1−γ = βlp(

l

lp
)1−γ = βlλγl , (23)
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where 0 < γ ≤ 1, coefficient β is of order 1 and λl ≡ lp/l.
From (22),(23), we can derive the quantum fluctuations for all the primary
characteristics, specifically for the time (δ̃t)γ,l, energy (δ̃E)γ,l, and metrics

(δ̃gµν)γ,l. In particular, for (δ̃gµν)γ,l we can use formula (10) in [15]

(δ̃gµν)γ,l ∼> λγl . (24)

As it is assumed that ` ∝ lp, i.e. ` = κlp, where κ ≈ 1, in formulae (22)–(24),
without loss of generality, the following substitution is justified:

lp 7→ `. (25)

Then at low energies E � Ep in the measurable form it is natural to assume
that the distance l is the primarily measurable quantity, i.e. l = Nl`, where
Nl � 1 is an integer number, in this case λl ≡ `/l = N−1

l , and all the quantities
in formulae (22)–(24) are expressed in terms of Nl. Specifically, formula (24)
takes the form

(δ̃gµν)γ,l ∼> N−γl . (26)

Obviously, because in this case we have Nl � 1, (δ̃gµν)γ,l is weakly dependent
on Nl.
On the contrary, at high energies E ≈ Ep, according to formulae (17),(18), the
distance l is not a primarily measurable quantity

l = G(Nl)`, (27)

where Gi = Gj = G, i 6= j; i, j = 1, ..., 3, Nl is a small integer number, and the

fluctuation (δ̃gµν)γ,l in this case is evidently strongly dependent on Nl (or l).
Note that, within the constant factor h̄/`, the parameter λl is coincident with
the momentum pl = h̄/(G(Nl)`) from formula (17) that, in accordance with
formula (18), is a primarily measurable momentum at low energies E � Ep
and a generalized measurable momentum at high energies E ≈ Ep.
In [5] at low energies E � Ep for the measurable form of gravity EEM{N}
(4) the author has derived the Least Action Principle and the Lagrangian
formalism .
The action for GR in the measurable format can be derived from the action
for the canonical GR in continuous space-time

SEH = − 1

16πG

∫
d4x

√
|g| (R + λ) (28)

And ”measurable” action has the following form (formula (79) from [5])

SEH({N}) = − 1

16πG

∑
∆({N})Ω

√
|g({N})| ·

· (R(x, {N}) + Λ(x, {N})) , |{N}| � 1, (29)
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where ∆({N})Ω is the volume element in a measurable variant of GR (formulae
(44)-(46) in [5]).
It is clear that at high energies E ≈ Ep, due to real discreteness of the theory,
the Least Action Principle in the general case is no longer valid for this theory.
We can note only the Planck deformation SEH(Nxχ , q) of the ”measurable”
action SEH(Nxχ) (29):

SEH(Nxχ ,q)
.
= − 1

16πG

∑
∆(Nxχ ),qΩ

√
|g(Nxχ ,q)| ·

·
(
R(x,Nxχ ,q) + λ(x,Nxχ ,q)

)
, |Nxχ | ≈ 1, (30)

with substitution of all components in formula (29) in accordance with the
formulae in Section 3.
Of course, in this case the condition

SEH(Nxχ ,q), (|Nxχ| ≈ 1)
|Nxχ |≈1→|Nxχ |�1

⇒ SEH(Nxχ), (|Nxχ| � 1) (31)

must be fulfilled. It should be noted that the above-mentioned results may be
applied for the derivation of a measurable variant of gravitational thermo-
dynamics for horizon spaces and Schwarzschild’s black holes [4]
Besides, we also have

lim
|{N}|→∞

SEH({N}) = SEH (32)

Then at low energies E � Ep, due to formulae (6) and (32), at sufficiently
large |{N}| all the results for the space-time foam valid in the continuous pat-
tern remain valid in a measurable consideration, to a high accuracy, with
the adequate replacement of the quantities used in the continuous case by the
measurable-form quantities.
In particular, all the results from [24] devoted to evolution of quantum low-
energy fields (i.e. the fields at the energies E � Ep) in a foam-like spacetime
may be expressed in the measurable form within a high accuracy by substi-
tution of ` for lp with the use of the above-mentioned formula ` = κlp.
In the case under study, using formulae (7),(17),(21),... , one can extend the
results from [24] to evolution of quantum high-energy fields (i.e. the fields at
the energies E ≈ Ep).
It is important: taking into account that at low energies E � Ep in the mea-
surable form |{N}| <∞ gives hope that in a measurable picture, with the
specific restrictions imposed on the set {N}, we should have no pathological
solutions of GR (specifically, Closed Timelike Curves (CTC) [52]–[55]), which
are not excluded in a continuous consideration (Section 3 Loss of quantum
coherence in [24]).
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Besides, it is important that in a measurable picture a definition of observ-
able quantities is changed considerably. Specifically,
at low energies E � E` (same E � Ep) all the observable quantities are
PMQ (p.140 in [7]). Actually, this means that
if at low energies E � E` the observable quantity A has the space-time co-
ordinates {xµ},then all real variations of these coordinates for A, provided A
remains an observable quantity, take the form xµ 7→ xµ+∆(xµ), where we have
∆(xµ) = Nxµ`, |Nxµ| � 1 or ∆(xµ) = 0. But in this case, at least, for one
index we have ν,∆(xν) 6= 0. Other variations of the space-time coordinates are
considered to be nonobservable shifts of A. In particular, we can think about
the shifts A(xµ)→ A(xµ + `

Nxµ
).

Similarly, in the momentum representation: if the observable quantity A has
the coordinates {pNxi} , then all variations of these coordinates for A, provided
A remains an observable quantity, take the form pNxi 7→ pNxi + ∆pNxi = pN∗

xi
,

where |Nxi−N∗xi | � 1. Other variations in the momentum representation lead
to nonobservable shifts of A – specifically, A(pNxi ) 7→ A(pNxi±1).
It is clear that such changes in the definition of the observable should require
a correction of the quantum coherence (quantum information) notion and clar-
ification of the Hawking Information Paradox Problem [58].
Passage in the measurable form to high energies E ≈ Ep leads to a com-
pletely discrete picture and hence in this case the notion of CTC in its initial
formulation becomes senseless. Possibly, due to the limiting transition in for-
mula (14), this furnishes the clue to understanding of the conditions resulting
in the absence of CTC in gravity and, generally, in the absence of the loss of
quantum coherence in the measurable form of gravity.

5 Conclusion

Let us summarize shortly the results obtained in this work.
The measurability concept generates a new approach to studies of quantum
foam:
a) first, it demonstrates that the new parameters introduced within the scope
of this concept extend the possibilities for studies of space-time quantum fluc-
tuations;

b) second, at the Planck scale E ≈ Ep the concept, on the basis of formula
(17), constructively produces a discrete structure that could be the essence of
the introduced ”quantum foam” notion.
The future experiments will show what forms the base of the above-mentioned
discrete (actually, granular) structure: micro-black-holes, micro-wormholes or
something else. In the proposed paradigm, of great importance is a correct



The gravity, measurability and quantum foam 93

choice of the function G in formula (17).
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