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In the recent literature it has been shown that the H0 tension may be eliminated if an abrupt
physics transition changed the Cepheid parameters in the near past of the Universe, nearly 70 −

150Myrs ago. In this letter we stress the possibility that this abrupt transition was caused by the
smooth passage of our Universe through a pressure finite-time cosmological singularity. Being a
non-crushing type singularity the pressure singularity can leave its imprints in the Universe, since
it occurs globally and literally everywhere. We discuss how this scenario could easily be realized by
F (R) gravity, with the strong energy conditions being satisfied without the need for a scalar field
or specific matter fluids. We also stress the fact that the pressure singularity can affect the effective
gravitational constant of F (R) gravity. Moreover, we stress the fact that pressure singularities can
disrupt the trajectories of bound objects in the Universe, which is also pointed out in the literature,
even in the context of general relativity. We also show numerically in a general relativistic framework
that elliptic trajectories are distorted and changed to different elliptic trajectories when the Universe
passes through the pressure singularity. Such a disruption of the trajectories could have tidal effects
on the surface of the earth, for example on sea waters and oceans, regarding the distortion of
moon’s elliptic trajectory. Accordingly, the distortion of earth’s trajectory around the sun could
have affected climatologically earth 70− 150Myrs ago.

PACS numbers:

I. INTRODUCTION

The H0 tension [1, 2] is an undoubtable fact according to the latest observations. Such discrepancy between
the Cosmic Microwave Background measurements and the low-redshift sources on the present day H0 could be a
calibration argument, as was pointed out in Refs. [3, 4]. As was pointed out in Refs. [4, 5], the H0 tension is
eliminated if an abrupt transition in the Cepheid parameters have occurred before 70 − 150Myrs. Such a change
could have occurred if the physics of the Universe globally changed around 70 − 150Myrs ago, and this could also
have affected the strength of the gravitational force during the same period of time. In this letter we aim to discuss
the possibility that such a physics change may have been caused by the smooth passage of the Universe through
a pressure singularity. Pressure singularities are mild non-crushing type singularities, which also respect the strong
energy conditions. It is known that such singularities cause deformations in the trajectories of bound systems [6].
Thus, if the Universe passed through a pressure singularity before 70 − 150Myrs, it is possible that the trajectories
of the bound planets in the solar system could also have been affected. In addition the orbit of the moon around
earth could have been deformed too. Thus it is possible that these changes in the orbits could have generated tidal
effects on the surface of the earth, like elimination of movement of sea waters or oceans (moon-earth system), or
even climatological changes on earth (earth-sun system). We discuss how a pressure singularity could have been
generated by an F (R) gravity, how this pressure singularity could have affected the effective gravitational constant.
Also, following the analysis and presentation of [6], we explicitly show in a general relativistic (GR) framework how
elliptic trajectories are deformed when the Universe passes through a pressure singularity.
For this work we shall assume that the geometric background is described by a flat Friedmann-Robertson-Walker

(FRW) metric, with its line element being,

ds2 = −dt2 + a(t)2
∑

i=1,2,3

(

dxi
)2

, (1)

where a(t) is the scale factor, while the Ricci scalar for the FRW metric is

R = 6
(

Ḣ + 2H2
)

, (2)

where H = ȧ
a
, denotes as usual the Hubble rate.
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II. THE PERSPECTIVE OF A PRESSURE SINGULARITY IN THE NEAR PAST AND THE F (R)
GRAVITY PICTURE

Following the argument of Ref. [6], it is probable that the H0 tension might be an artifact of calibration. As was
shown and claimed in [6], an abrupt change of physics before 70 − 150Myrs may, can directly affect the Cepheid
parameters and can eliminate the Hubble tension. Following this line of research, we shall discuss the possibility
that this abrupt change in the physics of the Universe, is caused by a global finite-time cosmological singularity of
sudden type. These singularities are known to be geodetically complete, and also the strong energy conditions are
respected when the Universe passes through these smooth singularities. In the following we shall assume that the
spacetime metric is a flat FRW metric. Let us recall the classification of finite-time cosmological singularities, which
are classified as follows [7] if the time instance of the singularity is at a finite-time ts:

• Type I (“Big Rip”) : This is a crushing type singularity, in which case, as the singularity at t → ts, the scale
factor a(t), the total effective pressure peff and energy density ρeff , diverge, so effectively a → ∞ , ρeff → ∞,
and |peff | → ∞ [8].

• Type II (“sudden”): This a pressure singularity, firstly studied in Refs. [9], see also [10], for which as t → ts,
a → as, ρeff → ρs, |peff | → ∞. This is the type of cosmological singularity for which we shall be interested for
in this paper.

• Type III : In this case as t → ts, we have a → as, ρeff → ∞, |peff | → ∞.

• Type IV : This type of cosmological singularity is the mildest singularity studied thoroughly in [7, 11–17], for

which as t → ts, we have a → as, ρeff → ρs, |peff | → ps, while
dnH
dtn , for n ≥ 2 diverge.

We shall be interested for pressure singularities, or sudden singularities [9]. As we already mentioned, for these
singularities, the total effective energy density, the scale factor and its first time derivative, and the Hubble rate, are
finite, as the singularity is approached. However, the first derivative of the Hubble rate, the pressure and the second
derivative of the scale factor are divergent as the singularity is approached. In order to have a more quantitative idea
on the evolution of the Universe near a pressure singularity, let us assume that the scale factor has the following form,

a(t) ≃ g(t)(t− ts)
α + f(t) , (3)

where g(t) and f(t) and all their higher order derivatives with respect to the cosmic time are smooth functions of the
cosmic time. For consistency in order not to have complex values before and after the singularity, let us assume that
a = 2m

2n+1 . According to the values of the exponent α, the following types of singularities may occur,

• For α < 0 the Universe develops a Type I singularity.

• For 0 < α < 1 the Universe develops a Type III singularity.

• For 1 < α < 2 the Universe develops a Type II singularity.

• For 2 < α the Universe develops a Type IV singularity.

Thus the pressure singularity occurs for 1 < α < 2, since the second derivative of the scale factor near the singularity
is ä ∼ (α− 1)αg(t)(t− ts)

α−2, and the same applies for the derivative of the Hubble rate, which near the singularity

becomes at leading order Ḣ ∼ (α−1)α(t−ts)
α−2

f(t) .

For pressure singularities, the only physical quantity that diverges is the pressure, thus the energy density remains
finite. The singularity occurs in a global way, so at t = ts which is a spacelike hypersurface, the pressure diverges.
However, a pressure singularity does not lead to geodesics incompleteness, since for all causal geodesics, at t = ts, the
following integral is finite [18],

∫ τ

0

dtRi
0j0(t) . (4)

Regarding the strong energy conditions, these are not violated at a pressure singularity, but we have ρeff + 3peff > 0
and ρeff > 0. This condition can be realized by many GR cosmological frameworks, like from scalar fields and
cosmological fluids. In this article, for the moment, we shall assume that the scale factor a(t) of Eq. (3) is realized
by F (R) gravity. In fact it is much more feasible to realize the scale factor (3) and at the same time to respect the
strong energy conditions ρeff + 3peff > 0 in F (R) gravity. The reason is that in the case of F (R) gravity, the energy
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momentum tensor receives a geometric contribution, but let us give some details on this. Consider the F (R) gravity
action in the presence of matter fluids,

S =
1

2κ2

∫

d4x
√−gF (R) + Sm(gµν ,Ψm), (5)

where κ2 = 8πG and also Sm denotes the matter fluids present. Note that future singularities in F (R) gravity were
thoroughly studied in [19]. In the metric formalism, the field equations read,

Rµν − 1

2
Rgµν =

κ2

FR(R)

(

Tµν +
1

κ2

(F (R)−RFR(R)

2
gµν +∇µ∇νFR(R)− gµν�FR(R)

))

. (6)

where, FR(R) = ∂F (R)/∂R and Tµν stands for the energy momentum tensor of the perfect matter fluids that are
present. We can write the F (R) gravity field equations in the Einstein-Hilbert form, ,

Rµν − 1

2
Rgµν = Tm

µν + T curv
µν , (7)

where Tm
µν is equal to,

Tm
µν =

1

κ

Tµν

FR(R)
, (8)

and originating from ordinary matter perfect fluids, while T curv
µν is equal to,

T curv
µν =

1

κ

(F (R)−RFR(R)

2
gµν + FR(R);µν(gαµgβν − gαβgµν)

)

, (9)

The energy momentum tensor (9) is thus the contribution of F (R) gravity to the total energy momentum tensor. In
order to further see this for a flat FRW metric (1), we consider the f(R) gravity field equations for a FRW metric,
which are

3H2FR =
RFR − F

2
− 3HḞR + κ2 (ρr + ρm) , (10)

− 2ḢF = F̈R −HḞR +
4κ2

3
ρr ,

where ρm and ρr denote the total energy density and pressure of the dark matter and radiation fluids present, and
accordingly pr is the radiation fluid pressure. Rewriting the field equations in the Einstein-Hilbert form, we have,

3H2 = κ2ρtot , (11)

− 2Ḣ = κ2(ρtot + Ptot) ,

where ρtot = ρm+ρG+ρr stands for the total energy density, ρm is dark matter energy density, and ρr is the radiation
energy density. Finally, ρG is the energy density contribution of the F (R) gravity, which is defined as,

κ2ρG =
FRR− F

2
+ 3H2(1− FR)− 3HḞR , (12)

and its pressure is,

κ2PG = F̈R −HḞR + 2Ḣ(FR − 1)− κ2ρG . (13)

Thus the strong energy conditions near a sudden pressure singularity can be easily satisfied by an F (R) gravity, and
at the same time the scale factor (3) can be realized by the same F (R) gravity in a consistent and easy way.
Now let us turn to the physical implications of a pressure singularity in a FRW Universe described by F (R) gravity.

Firstly, the divergence of the second time derivative of the scale factor implies a sudden change in the acceleration of
the Universe at the singularity. The Universe may thus superaccelerate or superdecelerate for a small amount of time
before and after the singularity, depending on the specific form of the scale factor. This change is an abrupt change
in the physics, and in principle can be aligned with the arguments of [6] for abrupt changes in the physics before
70− 150Myrs.
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More importantly, a pressure singularity may directly affect the effective gravitational constant in F (R) gravity. In
the sub-horizon approximation where the wavenumbers of the modes satisfy,

k2

a2
≫ H2 , (14)

the matter density perturbations quantified by the parameter δ = δεm
εm

, satisfy,

δ̈ + 2Hδ̇ − 4πGeff (a, k)εmδ = 0 , (15)

where Geff (a, k) stands for the effective gravitational constant of gravity F (R) theory which is defined as [20],

Geff (a, k) =
G

FR(R)

[

1 +

k2

a2

FRR(R)
FR(R)

1 + 3k2

a2

FRR(R)
FR(R)

]

, (16)

where G is Newton’s gravitational constant. Also εm in the definition of the matter density perturbation parameter
δ, is the total energy density of the dark matter perfect fluid. Obviously, the presence of a pressure singularity
in the evolution of the Universe will directly affect the terms in the effective gravitational constant (16) which are
related with the F (R) function and its derivatives with respect to the Ricci scalar. This is due to the fact that the

Ricci scalar in a flat FRW spacetime is of the form R = 12H2 + 6Ḣ, and Ḣ is singular at the time instance that
the pressure singularity occurs. Thus, this abrupt change in the effective gravitational constant can also affect the
Cepheid parameters, thus a pressure singularity in the near past may be responsible for the abrupt change of physics
in the near past. In fact, as was also pointed out in Ref. [5], a change in the effective gravitational constant at small
redshifts, may remedy the H0 tension.
So far in this article, we discussed the implications of a pressure singularity in the evolution of the Universe in the

near past in a theoretical way. In this way, it is not so apparent how a pressure singularity in the near past evolution
of the Universe, may actually be identified as a mean to remedy the H0 tension. It is thus vital to have a way to
identify such a scenario in an direct or indirect experimental way. Such a proposal may be realized by considering the
changes on the surface of earth for cosmic times in the range 70−150Myrs. The reason is simple, if a sudden pressure
singularity occurred in the near past in our Universe, then it would affect the tidal forces of gravitationally bound
objects and it would certainly disturb their orbits. Such a scenario was considered thoroughly in Ref. [6], and it was
shown that a sudden pressure singularity can indeed disturb the orbits of bound objects. If this scenario indeed took
place in the Universe, it would also affect the solar system, and of course it would have direct implications on the
orbit of the moon around earth. Specifically, it would change the elliptic orbit of the moon around the earth and this
in effect would generate observable effects on the surface of the earth. These effects would be the same in origin to the
effects of the tidal gravitational forces on the surface of the earth. The most known effect of these tidal forces is the
tide in the sea water. Thus a pressure singularity before 70− 150Myrs, may actually cause entire seas to disappear
from the surface of the earth, if the tidal forces caused by the change in the moon’s orbit were significant enough.
Intriguingly enough, the changes in Tethys Sea chronologically occurred nearly 70 − 150Myrs, so it is possible that
the change in the orbit of the moon around earth, or even the changes in the trajectory of earth around the sun,
gave rise to tidal and climate phenomena before 70 − 150Myrs. In order to have an idea how a pressure singularity
could have affected the trajectory of bound objects, we shall use the paradigm of Ref. [6], which was performed in the
context of simple GR. We also adopt the same GR approach in order to make the argument independent from models
of F (R) gravity. In Ref. [6], the initial trajectory was considered to be a circle, we shall assume that the initial curve
is actually an ellipsis. Following Ref. [6], see also [21], and also adopting their notation, in a FRW Universe in the

context of GR, the energy density and pressure are ρ(t) = 3
8πG

(

ȧ2

a2

)

and p(t) = 1
8πG

(

2 ä
a
+ ȧ2

a2

)

, thus the pressure

becomes singular for a sudden singularity. Assuming for simplicity that the pressure singularity occurs at t = 0 a
scale factor which can model a Type II singular evolution is the following,

a(t) = 1 + c|t|η . (17)

The pressure singularity occurs for 1 < η < 2, and this is the case we shall consider in this presentation too. Now,
the metric that describes the Newtonian limit of a spacetime near a gravitational source M , in a flat FRW expanding
Universe is [6, 21],

ds2 =

(

1− 2GM

a(t)ρ

)

· dt2 − a(t)2 ·
(

dρ2 + ρ2 · (dθ2 + sin2θdϕ2)
)

, (18)
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FIG. 1: Upper left plot: The trajectory of the point particle in Cartesian coordinates around the gravitational source M , before
(blue curves), during and after (red curves) the Universe experiences the pressure singularity. Upper right plot: The radial
coordinate r̄(t) as a function of the rescaled cosmic time. It can clearly be seen that the characteristics of the elliptic trajectory
are affected by the pressure singularity at t̄ = 0

which is valid when 2GM
a(t)ρ ≪ 1. This condition cannot be violated in pressure singularities, since the scale factor is

finite on these singularities. Replacing r = a(t) · ρ, the geodesics equation for the metric (18) are [6, 21],

(r̈ − ä

a
r) +

GM

r2
− rϕ̇2 = 0, r2ϕ̇ = L (19)

for both the coordinates, and L is the angular momentum per unit mass, which is a conserved quantity. Combining
equations (19), the radial equation of motion of the a point particle around the gravitational source M is [6, 21],

r̈ =
ä

a
r +

L2

r3
− GM

r2
, (20)

and in order to obtain dimensionless quantities, one needs to make the rescalings [6, 21] r̄ ≡ r
r0
, ω̄0 ≡ ω0t0 and t̄ ≡ t

t0
,

where r0 and t0 are arbitrary time and length scales. Upon the rescaling and also by defining ϕ̇(t0) = ω0 ≡ GM
r3
0

, the

geodesics equation becomes [6, 21],

¨̄r − ω̄2
0

r̄3
+

ω̄0
2

r̄2
− ä

a
r̄ = 0 . (21)

Hence, if the scale factor approaches a pressure singularity, it will be of the form given in Eq. (17), so the geodesics
equation becomes,

¨̄r =
ω̄2
0

r̄3
− ω̄0

2

r̄2
+

c η(η − 1) |t̄|η−2

(c |t̄|η + 1)
r̄ . (22)
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We solved numerically the above differential equation for various values of the parameter η and c focusing on values
for which the bound system is not destroyed, but is simply disrupted. We chose the initial conditions in such a way so
that the trajectory of the test particle around the gravitational source M before the singularity was an ellipsis. The
results of our analysis are presented in Fig. 1. In the upper left plot of Fig. 1 we present the trajectory of the point
particle in Cartesian coordinates around the gravitational source M , before, during and after the Universe experiences
the pressure singularity. As it can be seen in blue curves, the trajectory of the point test particle before the singularity
was an ellipsis, and as the singularity is approached, the trajectory is disrupted, starting at nearly t = 0. At that
point the red curve describes the disruption of the trajectory of the point particle around M , which after a while it
also becomes an ellipsis. In the upper right plot of Fig. 1, we plot the radial coordinate as a function of the rescaled
cosmic time. As it can be seen, the elliptic trajectory is changed at the singularity, and also the trajectory is an
elliptic curve after the singularity, with different characteristics though. In the bottom of Fig. 1 we plot the function
ϕ(t). These simple considerations can be extended in the F (R) gravity case, for specific models of F (R) gravity, but
they suffice to support our argument that pressure singularities might actually have caused observable tidal or even
climatological effects on earth before 70− 150Myrs. These effects might changed the surface of the earth, removing
entire seas or even oceans from their initial position, if the tidal effects of moon’s gravity were severe enough.

III. CONCLUSIONS

In this article we considered the scenario that an abrupt change in physics occurred around 70−150Myrs ago might
have been caused by a pressure singularity. The Universe can smoothly pass through such a pressure singularity, since
these are not crushing type singularities, and the only physical quantity that diverges is the effective pressure of the
Universe everywhere on the three dimensional spacelike hypersurface corresponding to the time instance at which the
singularity occurs. The strong energy conditions are not violated in such types of singularities, and we explained how
such singularities might occur in the context of F (R) gravity. Also in F (R) gravity, the strong energy conditions can
easily be satisfied. Moreover, we showed that a pressure singularity can actually cause a blow-up in the F (R) gravity
effective gravitational constant, and this phenomenon is also aligned with the abrupt physics changes argument of
Refs. [5]. We should also note that there might be a connection of our present approach with a maximal turn round
radius which is related to the shape of the specific f(R) gravity, see for example [22]. Apart from this feature which
may depend strongly on the specific f(R) gravity model, there is a similarity between the pressure singularity and
the transition redshift that relates deceleration to acceleration in cosmographic approaches [23]. Certainly, these
perspectives should be closely discussed in some future article.
Coming back on the results of our article, as we discussed in the text, a pressure singularity occurring before

70− 150Myrs, could have disrupted the elliptic orbits of bound objects in the Universe, without destroying them, but
deforming these to ellipses with different characteristics. As we showed numerically, this is feasible in the presence of
a pressure singularity. Such deformation in the elliptic trajectories of bound objects could also have occurred in our
solar system, and could have had direct effects on the surface of the earth or even in the climate of the earth before
70 − 150Myrs. Indeed, even deforming the orbit of the moon could have had observable effects on oceans and sea
waters at that time. Also the same effects along with climatological changes could have occurred due to the change
of the elliptic orbit of the earth around the sun. Thus earth’s primordial history might reveal such abrupt changes in
the physics of the Universe, as is also nicely pointed out in Ref. [6]. In the same line of research, recently in Ref. [24]
it was also pointed out that the extinction of dinosaurs may be related to the Hubble crisis. This argument further
supports the general idea of seeking imprints of the late-time Universe on the geological and environmental history of
earth. This line of research is sensational, it might open up new horizons in theoretical cosmology and astrophysics.
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