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The magnitude and sign of the gravitational coupling 1/G depend on the relations be-
tween different contributions from scalar, fermionic and vector fields. In principle, this
may give the zero and negative values of 1/G in some hypothetical Universes with the
proper relations between the fermionic and bosonic species. We consider different con-
jectures related to gravity, such as the wave function collapse caused by gravity, entropic
gravity and maximum force. We find that some of them do not work in the Universes
with zero or negative 1/G, and thus cannot be considered as universal. Thus, the ex-
tension of the gravitational coupling to 1/G < 0 provides the test on the universality of
the proposed theories of gravity.
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maximum force, wave
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1. Introduction

Both in the fundamental gravity and in the induced Sakharov gravity,! 2 the grav-
itational coupling G~! depends on the fluctuating vacuum quantum fields. The
contributions of massless fields at zero temperature are as follows:

2

Gt :GalJer—u;(nowLnl/zfélnl). (1)

Here, Ay, is the UV cutoff (for the asymptotically save scenario see review?);

no, n1/2 and ny are the numbers of correspondingly scalar, Weyl and vector fields;

and 1/Gy contains the other possible contributions, which may include the “funda-
mental” value.

For massive fields, Eq. (1) is modified by the m? terms, while for the temperature

T, which is larger than the masses of the fields but smaller than the UV cutoff, the

G~! contains the T? contributions. For example, in effective gravity emerging in
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1 the superfluid *He-A with Weyl fermionic quasiparticles, the temperature correction
> to the inverse Newton “constant” contains the conventional contribution from the

s Weyl fermions®®:

™

“ G UT)-G N T=0)= 3

n1/2T2 . (2)
s Since the thermal contribution does not contain the UV cutoff, it is universal, i.e.
6 it is the same for the fermionic relativistic quantum fields and for the Weyl-like
7 fermions in condensed matter. The same universality takes place for scalar fields:
s the (m/9)noT? contribution to G™1(T) comes both from the relativistic scalars in
o gravity” and from phonons in the effective gravity emerging in superfluid *He.5

10 So, we have two separate quantities: the UV cutoff Ay, which, in principle, can
u  be fundamental and can be called the Planck energy scale; and the gravitational cou-
1> pling 1/G, which cannot be fundamental, since it depends on temperature, species
15 and their masses. In particular, while A2, is always positive, in the Universes with
1 the proper relations between the fermionic and bosonic fields, the gravitational
15 coupling 1/G can be zero and even negative. The negative and zero gravitational
16 coupling 1/G have been discussed in theories with spontaneous breaking of scale
17 invariance by scalar field.® The possibility of the negative value of G during the
18 cosmological time evolution was also debated, see, e.g. Refs. 9 and 10. The negative
1 G naturally appears in the effective gravity emerging in the superfluid *He with
2 massless Dirac quasiparticles,'t where it is responsible for the solid angle excess in
2 the effective metric of the global monopole.

2 The zero value of 1/G may take place in the Big Bang, if it is considered as the
»  topological quantum phase transition.!? In this scenario 1/G is always positive, and
2 become zero only at the point of the Big Bang. The reason for that is that the Big
»s  Bang is considered as the intermediate state between two topological vacua with
s broken conformal symmetry, while in the topologically trivial intermediate state,
2 the conformal symmetry is restored, and 1/G = 0.

2 Some conjectures related to gravity, which are based on the positive value of the
» gravitational coupling, G~ > 0, do not work in the Universes with G~! < 0. That is
s why such conjectures cannot be considered as universal. Example is provided by the
s Diosi-Penrose scenario of the collapse of the wave function induced by gravity,'3 1
» which is discussed in Sec. 2. This scenario does not work in the Universe with
s G~1 <0, and thus cannot be considered as fundamental. Verlinde conjecture of the
s entropic gravity in Sec. 3 and the conjecture of the maximum force in Sec. 5 do not
5 work in the Universe with 1/G = 0.

36 Of course, if 1/G < 0, the vacuum can be unstable, since the gravitons have
w negative kinetic energy. But in a given context, it is important that 1/G < 0 is,
s in principle, possible. If some conjecture is fundamental and universal, it should
s be valid irrespective of the stability or instability of a given state of the quantum
w0 vacuum. That is why the extension of the conjecture to the vacua with 1/G < 0
o provides the test on the universality of the conjecture.
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1 2. Diosi—Penrose Scenario of Gravitationally Induced Collapse

> The physical origin of the collapse of the wave function is a fundamental problem
3 of quantum mechanics. Here, we discuss the scenario in which the wave function
+ collapse is caused by gravity.!315 In the semiclassical approach, which uses the
s nonlinear Schrodinger equation, there is the gravitational self-interacting term in
s the energy:

d3rd®r’

GM? / /
i U=-= // T (RF — @ PP - ). (3)

s Here, M is the mass of the body; U and ¥, are two wave packets (or in the other

o similar scenario, the wave functions in the two potential wells, left and right). For
1 G > 0 the localization of the wave packet (or the localization of the body in one
u  of the potential wells) is energetically favorable. This according to Penrose!® and
12 Diosi'® leads to the collapse of the quantum superposition, with the collapse time
3 At ~1/U.

1 However, for G < 0 this conjecture does not work: the quantum superposition
15 of the wave packets has lower energy, thus leading to the “anti-collapse”, i.e. the
16 superposition “wins” the game. Since the Diosi-Penrose scenario depends on the
v sign of the gravitational coupling, and thus on the relations between the quantum
18 fields, it cannot be the fundamental source of the wave function collapse.

19 The criticism of this scenario of collapse can be found for example in Ref. 16,
» where in particular the application of nonlinear Schrodinger—Newton equation is
a1 criticized, since it violates the linear character of quantum mechanics.

» 3. Verlinde Entropic Gravity

23 Let us first mention that when the entropy of horizon is considered, the contribution
2 of the fluctuating ny vector fields can be different from the negative contribution
»  of these fields in Eq. (1).17 12 Nevertheless, the negative or zero value of G~ may
2 come from the negative value of G L

27 In the entropic gravity by Verlinde?® it is assumed that the number of bits of
2 information on the holographic screen is (h = ¢ = 1):

A
2 N = ek (4)

s This entropic scenario of emergent gravity does not work in the Universe with
a 1/G = 0, since the information is simply absent, N = 0. Nevertheless, in such
» Universe, gravity does exist, since 1/G = 0 simply means that gravitational action
1 starts with the quadratic terms. Equation (4) does not make sense for 1/G < 0. All
s this demonstrates that this entropic approach to gravity is not universal.

35 If the holographic principle is valid in the Universe with G=! < 0, it would
% be natural if it is determined by the UV cutoff scale: N ~ AAZ2 . But this has
» mo relation to gravity in the Universe with G~ < 0, where Newton’s law has the
s Opposite sign.
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1 4. Jacobson Gravity from the First Law of Thermodynamics

> In the Jacobson conjecture?' of the thermodynamic origin of Einstein equations
5 (see also review in Ref. 22), the “species problem” (dependence of G on species
+ and their masses) is taken into account. According to Ref. 23 the Bekenstein—
s Hawking entropy A/4G contains the same renormalized 1/G, which comes from
s the fluctuating vacuum fields (the possible exception from this rule may come from
7 the vector fields!”19).

8 At first glance the extension to the negative 1/G looks problematic. This is
s because the black hole horizons do not exist in the Universe with 1/G < 0. However,
1 in this Universe, the de Sitter state can exist if the vacuum energy density A (the
1 cosmological constant) is negative, with the Hubble parameter H? = (87/3)|G||A|.
1 Thus, at least the cosmological horizon at R = 1/H may exist, which shows that
13 the local Rindler horizon can be constructed and can be used for the derivation of
11 the Einstein action.

15 There are two possible versions for the entropy of the horizon in the Universe
16 with 1/G < 0: it can be either S = A/4|G|, or S = —A/4|G|. The negative entropy
v of horizon was discussed for a white hole obtained from the black hole with the

24.25 and in Einstein-Gauss-Bonnet gravity,26:27

18 same mass by quantum tunneling,
19 see also Ref. 28 and references therein. It is possible that if there is a meaning-
2 ful notion of negative entropy, then the Jacobson approach may produce gravity
a1 with negative G. It would be interesting to consider the connection between the
» negative G and the negative S.

2 In the Universe with 1/G = 0, the action for gravity consists of the R? terms,
2 such as in the fourth-order conformal Weyl gravity. In this case, the entropy is not
s proportional to area, and the Jacobson approach should be modified to obtain the
% 4th order gravity.??

27 All this would mean that in this approach the entanglement entropy per unit
28 area is not a universal constant, which is the same for all Universes, but it is the con-
2 stant which characterizes a given Universe. Note that in the tetrad gravity theory,
s where the tetrad fields emerge as bilinear combinations of the fermionic fields,30 34
a1 the tetrads have dimension of inverse length. Similar dimensional tetrads emerge
» in the elasticity theory of solids.3%3% In this case, the gravitational coupling 1/G
1 and the area A become dimensionless.®” In principle, the dimensionless parameter
1 1/(4G) can be a kind of topological invariant which characterizes the Universes with
s different topology. Such invariant can take any integer value including the zero and

5 negative values, 1/(4G) = ... —2,-1,0,+1,42,...

;7 5. Maximal force

8

s The maximum force was conjectured by Gibbons,?® see also recent papers3?4% and

3 references therein:

1
40 Fmax - E (5)
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1 This is the force between two equal mass static uncharged Schwarzschild black holes
> touching each other at the horizon. It was suggested that this is the maximum
s value of a force between any two objects. However, in the Universe with 1/G = 0,
+ any force between the two objects exceeds this limit, and thus this limit is not
5 universal.

6 On the other hand, in the Universe with 1/G < 0 the black holes are not formed,
7 and thus the force between the gravitational bodies is not limited, i.e. the maximum
s force does not exist. Also, the cosmic strings and global monopoles may exist in the
o Universe with 1/G < 0. Instead of the angle deficit in metric outside these defects,
1 there will be correspondingly the angle excess and solid angle excess.!! As a result
1 the arguments by Gibbons,?® which are based on the maximum angle deficit, are
12 not applicable.

13 In principle, it is possible, that there exists the maximum force, which is deter-
1 mined, say, by the UV cutoff, Fipax ~ A?W. But while this maximum force can be
15 fundamental, it is not related to the gravitational coupling 1/G, which depends on
15 many details and can be made arbitrarily small. Anyway, one should very clearly
17 specify what type of force is considered.*!

18 6. Conclusion

1 In our Universe the gravitational coupling 1/G is positive. However, there is no
20 rule at all prohibiting the existence of a Universe with a negative or zero value of
a 1/G, even if it may be short-lived due to instability. That is why this possibility
22 should be taken into account, when the general principles are introduced. Some
2 conjectures related to gravity do not work in the Universes with 1/G < 0 or with
2« 1/G = 0. That is why such conjectures cannot be considered as the universal
5 principles.

2 The extension of the gravitational coupling to 1/G < 0 provides the test on the
27 universality of the proposed theories of gravity. In particular, the Diosi-Penrose
s scenario of gravitationally induced collapse, the Verlinde entropic gravity and max-
20 imum force conjecture cannot be extended to 1/G < 0, while the Jacobson approach
3 requires modification.

3 It will be interesting to test the other theories,
» matter systems, where there are different types of emergent gravity (acoustic,
5 from Weyl point,® from bilinear combinations of the fermionic fields,>” etc.), and
% different types of event horizons can be simulated.46:47

42:43 and to exploit the condensed

44,45
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