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We show that the H|, tension can be alleviated in the framework of Horndeski/generalized Galileon
gravity. In particular, since the terms depending on G5 control the friction in the Friedmann equation, we
construct specific subclasses in which it depends only on the field’s kinetic energy. Since the latter is small
at high redshifts, namely at redshifts which affected the CMB structure, the deviations from ACDM
cosmology are negligible, however as time passes it increases and thus at low redshifts the Hubble function
acquires increased values in a controlled way. We consider two models; one with quadratic and one with
quartic dependence on the field’s kinetic energy. In both cases we show the alleviation of the tension,
resulting to Hy = 74 km/s/Mpc for particular parameter choices. Finally, we examine the behavior of
scalar metric perturbations, showing that the conditions for absence of ghost and Laplacian instabilities are
fulfilled throughout the evolution, and we confront the models with Supernovae type Ia and cosmic

chronometer data.
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I. INTRODUCTION

The Standard Model of cosmology, namely A cold dark
matter (ACDM) plus inflation in the framework of general
relativity, proves to be very efficient in describing the
Universe evolution, both at the background and perturba-
tion levels [1,2]. However, theoretical issues such as the
cosmological constant problem and the nonrenormalizabil-
ity of general relativity, as well as the possibility of a
dynamical nature for the late-time acceleration, led to the
appearance of various extensions and modifications. In
general these belong to two classes. In the first class one
maintains general relativity as the underlying gravitational
theory but adds extra components, such as the dark energy
sectors [3,4]. In the second class one constructs modified
theories of gravity, which possess general relativity as a
particular limit but which in general provide the necessary
extra degree(s) of freedom that can drive the Universe
acceleration [5-7].
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Recently, an additional motivation in favor of extensions/
modifications of the concordance cosmology has appeared,
namely, the need to incorporate tensions such as the H,
and og ones. The former arises from the fact that the
Planck Collaboration estimation for the present day cosmic
expansion rate is Hy = (67.27 + 0.60) km/s/Mpc [8],
which is in tension at about 4.46 with the 2019 SHOES
Collaboration (R19) direct measurement, i.e., Hy =
(74.03 £ 1.42) km/s/Mpc, obtained using the Hubble
Space Telescope observations of 70 long-period Cepheids
in the Large Magellanic Cloud [9] (note that combination
with gravitational lensing and time-delay data increases the
deviation at 5.30 [10]). Additionally, the og tension is related
to the parameter which quantifies the matter clustering within
spheres of 84~! Mpc radius, and the possible deviation
between the cosmic microwave background (CMB) estima-
tion [8] and the SDSS/BOSS measurement [11-13]. If these
tensions are not a result of unknown systematics, which at
least concerning the H, one seems progressively less
possible to be the case, then one should indeed seek for
alleviation in extensions of the standard lore of cosmology.

In principle one has two main directions to alleviate the
H, tension. On one hand we could alter the Universe
content and interactions while maintaining general
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relativity as the gravitational theory [14—-50], and on the other
hand we could seek for a solution in modified gravity. Since
the second direction maintains the advantages that modified
gravities bring related to renormalizability and early- and
late-time acceleration, it might be preferable. Furthermore,
since the H, tension implies that the Universe expands faster
than what ACDM cosmology predicts, in order to alleviate it
one should seek for a modified gravity that qualitatively leads
to “less gravitational power” at intermediate and late times.
Hence, during the last five years many models of modified
gravity have been proposed as candidates for the potential
alleviation of the H, tension [51-76].

In this work we are interested in alleviating the H,,
tension in the framework of Horndeski gravity. Horndeski
gravity [77], which is equivalent to generalized Galileon
theory [78-80], is the most general four-dimensional
scalar-tensor theory with one propagating scalar degree
of freedom, that has second-order field equations and thus
is free from Ostrogradski instabilities [81]. Hence, by
choosing suitable subclasses of the theory we can obtain
a cosmological behavior that is almost identical with that of
ACDM at early times, but which at intermediate times
deviates from it due to the weakening of the gravitational
interaction, thus alleviating the tension (see also [82,83] for
a different approach on the problem using cubic covariant
Galileon formulation).

The plan of the work is the following: In Sec. II we present
Horndeski gravity, providing the background cosmological
equations as well as the conditions for pathologies absent at
the perturbation level. In Sec. III we construct specific
subclasses of Horndeski gravity that can alleviate the H
tension, we compare them to ACDM behavior, and we
confront them with Supernovae type Ia (SNIa) and cosmic
chronometer (CC) data. Finally, in Sec. IV we give a
summary of the results and we conclude.

II. HORNDESKI GRAVITY

In this section we briefly review Horndeski gravity, or
equivalently generalized Galileon theory. We first give
the corresponding general action, and by applying it in a
cosmological framework we extract the background
Friedmann equations. Additionally, we give the perturba-
tion equations around such a background, and we provide
the conditions for the absence of instabilities.

The most general Lagrangian with one scalar degree of
freedom coupled to curvature terms, with second-order
field equations is [77,84,85]

5
L=) L (1)
P
with
L, =K(¢,X), (2)
L3 = —G3(¢, X)Ug, (3)

Ly=G4(¢,X)R+ Gy x[(Og)* = (V,V,0)(VFV“9)], (4)

['5 = G5 (¢’ X) Gﬂu(vﬂvy(ﬁ)
1

— ¢ Gsx[(B9)° =3(L9)(V,V.0) (V' V*9)

+2(ViVu0) (VEV0) (VIV,. )] (5)

where V, is the covariant derivative and [ the
d’Alembertian. In the above expressions R is the Ricci
scalar and Guv the Einstein tensor, while the functions K
and G; (i =3, 4, 5) depend on the scalar field ¢ and its
kinetic energy X = —d"¢a,¢/2. Moreover, G, x and G,
(i = 3, 4, 5) denote the partial derivatives of G; in terms of
X and ¢, i.e., G; x = 0G;/0X and G, 4 = dG;/d¢p. Hence,
the total action of the theory will be

S — / & /L A+ L), (6)

where g is the metric determinant, and £,, accounts for the
matter content of the Universe, which corresponds to a
perfect fluid with energy density p,, and pressure p,,.

We consider an expanding universe described by a flat
homogeneous and isotropic Friedmann-Robertson-Walker
(FRW) geometry with metric

ds? = —di* + a®(1)8;;dx'dx, (7)
with a(z) the scale factor. Varying the action (6) with

respect to the metric, and imposing the above FRW form
we obtain the two generalized Friedmann equations,

2XK x — K + 6X¢HG; x — 2XGs 4 — 6H*Gy + 24H?X (G4 x + XG xx) — 12HX PGy 4x
—6H()G 4 + 2HXP(5Gs x + 2XGs xx) — 6H* X (3Gs 4 + 2XGs 4yx) = Py, (8)

K =2X(Gs 4+ ¢Gsx) +2(3H> + 2H)G, — 8HXG, x — 12H>XGy x — 4HXG, x — 8HXXG, xx
+2(¢p+ 2HP)Gy gy + 4XGy gy + 4X(h — 2HP) Gy gy — AH*X*GGs xx — 2X(2H + 2HH ¢ +3H>))Gs x
+4HX(X — HX)Gs 4x + 4HX}Gs 4y + 2[2(HX + HX) + 3H?X|Gs g = =P, 9)
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where dots mark derivatives with respect to ¢, and where we
have defined the Hubble parameter H = a/a. Additionally,
varying (6) with respect to ¢(¢) leads to its equation of
motion, namely

1 d
where

J =K x + 6HXGsx — 2§Gs 4 — 12HXGy 4x
+ 6H?P(Gyx + 2X Gy xx)
+ 2H3X(3Gs x + 2XGs xx)
+ 6H2(/"7(G5_(/, + XGs 4x). (11)

Py=K ,—2X(G;3 4y + ¢G3,¢X)
+6(2H? + H)Gy 4+ 6H(X + 2HX)G, 4x
- 6H2XG5’¢¢ + 2H3X¢G5,¢X' (12)

Finally, the system of equations closes by considering the
matter conservation equation

Pm +3H(py + py) = 0. (13)

Having obtained the background equations of motion,
one can proceed to the investigation of perturbations
[85-87]. In this work we are interested in the scalar
perturbations, and specifically on the conditions of absence
of ghosts and Laplacian instabilities, in order to ensure that
our solutions are cosmologically viable. In particular, in
order for Horndeski/generalized Galileon theory to be free
from Laplacian instabilities associated with the scalar field
propagation speed one should have [85]

32wiwy H — wiwy + dwiwyw; — 2whin,)
wi (dwiws + 9w3)

>0. (14)

2
Cs

Similarly, for the absence of perturbative ghosts one should
have [85]

05 = wi (dwyws + 9w%) 0. (15)

2
3w;

In the above expressions we have set
wi =2(Gy = 2XGyx) = 2X(Gs xpH = Gs 4),  (16)

wy = —2G3 xX¢p + 4G,H — 16X>°Gy xx H
+ 4(pGy gx — 4HGyx)X +2G 4b
+ 8X?HGs 4y + 2HX(6Gs 4 — 5Gs xpH)
— 4G5 xxpX2H?, (17)

w3 = 3X(K x + 2XK xx)
+6X(3XPHG; xx — G3 yxX — G3 4 + 6HPG x)
+ I8H(4HX?Gy yxx — SXPGyyx + THG, xX
—HGy — Gy yp + 16HX* Gy xx — 2X* PGy yxx)
+ 6H>X (2H}Gs xxxX> — 6X>Gs yxx — 18Gs
+13XH}Gs xx — 27Gs 4x X + 15HPGs ), (18)

wy = 2G4 — 2XGs 4 — 2XGs x. (19)

We mention here that a negative sound speed square should
be definitely avoided, however a sound speed square larger
than one does not necessarily imply pathologies and
acausal behavior [88,89].

Lastly, we mention here that in Horndeski theories the
gravitational-wave speed is in general different than 1,
namely than the light speed. In particular, we have [85]

Wy

=—2>0, (20)

wi

and as we can see from (16) and (19) the G5 terms may
have an effect according to the cosmological evolution.

III. ALLEVIATING THE H, TENSION

In the previous section we presented the cosmological
equations in the framework of Horndeski/generalized
Galileon gravity. In this section we desire to use particular
subclasses of the theory in order to obtain an alleviating of the
H, tension. Our strategy is the following: since the simplest
model in Horndeski cosmology is ACDM one, arising from
G4 =1/(162G), K = =2A = const, and G3 = G5 = 0, we
want to introduce deviations which will be negligible at high
redshifts, in which CMB structure is formed, but that will
play a role at low redshifts, in which direct Hubble mea-
surements take place. In particular, since it is known that the
terms depending on G5 affect the friction term on the scalar
field [90-97], we could consider G5 functions depending
only on the kinetic energy X in a way that their effect is
negligible at high redshifts while being gradually important
in a controlled way at low redshifts.

Having these in mind, in the following we will consider
G, = 1/(162G) and G; = 0, which are also the case in
ACDM cosmology, and we will impose a simple scalar
field potential and standard kinetic term. Hence
K = -V(¢) + X, and we will consider the G5 term to
depend only on X, namely Gs(¢, X) = G5(X). In this case,
the Friedmann equations (8) and (9) become

8rG

H? :T(/)DE + Pm)s (21)

H= —472G(ppE + PoE + Pm + Pm)- (22)
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In these equations we have defined an effective dark energy
sector with energy density and pressure respectively,

poe = 2X — K + 2H3X$(5Gs x +2XGsxy).  (23)

poe = K —2XGs x(2H3 ¢ + 2HH ¢ +3H*)
— 4H>X?)Gs . (24)

and thus the dark-energy equation of state parameter
becomes

wpg = PPE (25)
PDE
Note that the scalar-field conservation equation (10)
becomes simply

poE + 3H (ppg + ppe) = 0. (26)

As we mentioned above we want to make our model to
coincide with ACDM cosmology at high redshifts. Thus, it
proves convenient to use the redshift z = —1 + ag/a as the
independent variable, fixing the current scale factor aq = 1
[therefore H = —(1 + z)H(z)H'(z) where primes denote
derivatives with respect to z]. Introducing, as usual, the
matter density parameter through Q, = 8’;2/2"", we can
express the Hubble function in the case of ACDM
cosmology as

Hacom() = Hoy/Quo(1 + 2P + 1= Q0. (27)

with H, the Hubble parameter at present and Q,, the
present value of the matter density parameter.

Hence, we want to suitably choose G5(X) forms in
order for the H(z) obtained from (21), (23) to coincide
with Hpcpm(z) of (27) at z = zeyg ~ 1100, namely
H(z = zems) ~ Hacom(z = zows), but give H(z — 0) >
H xcpm(z — 0). In the following subsections we will con-
sider two subcases of the Gs(X) term separately. For
simplicity, from now on we focus on the dust matter case,
i.e., weimpose p,, = 0, while for the scalar-potential without
loss of generality we choose K = —V¢ + X.

A. Model I: G5(X) =£X>
The first model we consider is the one with
Gs(X) = £X?, i.e., Gs has a quadratic dependence on
the field’s kinetic energy. In this case (23) and (24)
respectively become

)
PDE = % + Vo + TEH P, (28)
2

PoE = % ~ Vo — 4 QH> ¢ + 2HH ¢ +5H?P).  (29)

As described above we chose the model parameter V, and
the initial conditions for the scalar field in order to obtain
H(zems) = Hacom(zems) and Q0 = 0.31 in agreement
with [98], and we leave & as the parameter that determines
the late-time deviation from ACDM cosmology.

In Fig. 1 we depict the normalized H(z)/(1 +z)*? as a
function of the redshift, for ACDM cosmology and for
our model with various choices of £. As we can see, indeed
our model coincides with ACDM cosmology at high and
intermediate redshifts, while at small redshifts the proposed
Model I gives higher values. In particular, the present-day
value H depends on the model parameter £, and it can be
around H, ~ 74 km/s/Mpc for £ = 1.3 (in H, units, i.e.,
where the ACDM H,, is 1). Specifically, the tension can be
alleviated at 3¢ if 1.2 < £ < 1.7. Hence, we can see that
this particular subclass of Horndeski/generalized Galileon
gravity can alleviate the H tension due to the effect of the
kinetic energy dependent Gs term. Specifically, at early
times the field’s kinetic term is negligible and hence the
G;5(X) terms do not introduce any deviation from ACDM
scenario; however, as time passes they increase in a
controlled and suitable way in order to make the
Hubble function, and thus H| too, increase. Note that,
since Hy =~ 107! in Planck units, the fact that V, = 0.08
and & = 1.3 in H,, units implies that V; ~ 0.5 x 10~% and
£~ 8 x 10° in Planck units (in Planck units we obtain

characteristic values of ¢ and ¢ around 1070), which is
the expected scale for the quantities of a scenario that
describes the Universe acceleration (¢ has dimensions of
M) ie., /9 ~ 10* GeV™').

Let us make a comment here on the specific mechanism
behind the tension alleviation. In general, the alleviation of
the H| tension or/and the og tension, is a complex issue,
and it usually arises as a collective result of many effects. If
one remains in the class of late-time modification (without

80

[*2]
(=)
1

H(z)/(1+2)"

20 1

T
1E-3 0.01 0.1 1 10 100

FIG. 1. The normalized H(z)/(1 + z)*/? in units of km/s/Mpc
as a function of the redshift, for ACDM cosmology (black solid)
and for Model I with V, = 0.08 and with G5(X) = £X?, for & =
1.5 (green dotted), £ = 1.3 (red—dashed) and £ =1 (blue
dashed-dotted), in H, units. We have imposed Q,,o ~ 0.31.

124051-4



ALLEVIATING H, TENSION IN HORNDESKI GRAVITY

PHYS. REV. D 106, 124051 (2022)

examining possible early-time solutions, as it is the aim
of this work) then one efficient mechanism is to have
wpg < —1 at some recent redshift, since a “phantom” dark
energy implies “faster” expansion. Nevertheless, this
requirement is efficient but not necessary, since the decrease
of the effective Newton’s constant at intermediate redshifts is
also an efficient mechanism [71,99] (see also the discussion
in the recent review [100]), since “weaker” gravity implies
“faster” expansion. In the models proposed in the present
work, although many terms are involved, the alleviation of
the tension arises from such a decreased effective Newton’s
constant, brought about in turn by the friction term. In
particular, in Horndeski theories we have [101,102]

Geff_
G =

(G4 —2XG,x + XGs, — pHXGsx)™", (30)

N[ =

and for the present Model I this exhibits a decrease as can be
seen in Fig. 2. Hence, although wpg in this scenario does not
evolve into the phantom regime, as we show in Fig. 3 (note
that contrary to tracking dark energy models [103], wpg
remains strictly negative for z > 1, i.e., for 100 < z < 1000
the wpg is around —0.13), the aforementioned decrease in
the effective Newton’s constant is adequate to alleviate the
tension.

Finally, we examine the stability of the obtained solution,
by investigating the sound speed square ¢ given in (14)
and the quantity Qg given in (15). In Fig. 4 we depict their
evolution as a function of the redshift for the background
solution given above. As we can see, the stability con-
ditions are always satisfied, and hence the obtained
solutions are free from ghost and Laplacian instabilities
(we mention that for a general Gs# 0 the ¢ is not
identically 1; however, for the chosen Gs(X) with the
chosen £ and the imposed initial conditions we can bring it
to be almost 1 during the whole evolution). Additionally,
the value of Qg for large z is close to zero. However, one

1.04
1.02 4
&)
~
& 1.00
(D \/
0.98 |
0.96 1
S aaees
1E-3 0.01 0.1 1 10 100
Y4
Gefr

FIG.2. The normalized effective Newton’s constant =" given in
(30) as a function of the redshift, for Model I with V; = 0.08 and
with £ = 1.3 in H, units.

0.0+

—0.2+

—0.4+

DE

—0.8+

-1.0

1E-3 0.01 0.1 1 10 100
Z

FIG. 3. The effective dark energy equation-of-state parameter
wpg given in (25) as a function of the redshift, for Model I with
Vo = 0.08 and with £ = 1.3 in H units.

can verify that it always remains positive, and for z > 1
(i.e., for z = 1000) it is around 0.005.

Lastly, in Fig. 5 we depict the corresponding gravita-
tional wave speed square c% given in (20). As we
mentioned after (20), in Horndeski theories the G5 terms
in general lead to a gravitational-wave speed different than
1 (namely, than the light speed). In the present model, the
gravitational wave speed is not identically one; however,
for the chosen parameter value, since the G5 terms are small
compared to G4, and moreover since ¢ is of the same order
of ¢H, the gravitational wave speed is very close to 1.
Specifically, the numerical difference between ¢ and unity
for small z (z < 0.5) is less than <10~'3, while for z > 1 it
becomes larger, namely around 5 x 10710, However, this is
not in contradiction with LIGO-VIRGO bounds [104],
since both GW170817 and GW190425 neutron-star—
neutron-star merger events are at very close distances,

1.0
N
w
© 0.54
0.0 T T T T T T
1E-3 0.01 0.1 1 10 100
z
0.0002+
GU’)
0.0001
0.0000+
T T T T T T
1E-3 0.01 0.1 1 10 100

FIG. 4. The sound speed square c% given in (14) and the
quantity Qg given in (15), as functions of the redshift for Model I
with V; = 0.08 and with £ = 1.3 in H|, units. The model is free
from ghost and Laplacian instabilities.

124051-5



PETRONIKOLOU, BASILAKOS, and SARIDAKIS

PHYS. REV. D 106, 124051 (2022)

1.0

o\
= 0.9+

0.8 T T T T T T
1E-3 0.01 0.1 1 10 100

Z

FIG.5. The gravitational wave speed square cZ given in (20) as
a function of the redshift, for Model I with V; = 0.08 and with
£ =13 1in H, units.

namely at redshifts around 0.01, and thus strictly speaking
the observational verification of the gravitational wave
speed is only for very low redshifts (and also for the
specific frequency range of LIGO-VIRGO). In summary,
the present model is able to pass the LIGO-VIRGO bounds,
however one could still try to construct Horndeski models
that can alleviate the tension but have ¢ even closer to 1.

B. Model II: G5(X)=AX*

The second model we consider is the one with
Gs(X) = X%, i.e., Gs has a quartic dependence on the
field’s kinetic energy. In this case (23) and (24) respectively
become

72

p 1. ..
PDE :7+V0¢+7/1H3¢9, (31)

. g
PpE = ‘% — Voo - % (2H ¢ + 2HH ¢ +9H?¢).  (32)

In Fig. 6 we present H(z)/(1 + z)3/? as a function of the
redshift for ACDM scenario and for our model with various
choices of A. The two models coincide at high and
intermediate redshifts, but at small redshifts Model II gives
a higher value, while H, depends on the model parameter /.
Specifically, it can be around H, ~ 74 km/s/Mpc for 1 =
1 in H units, and in general the tension can be alleviated at
3¢ if 0.5 < A < 1.2 (in Planck units we have V ~ 1076!
and 1~ 10°'°, and since 1 has dimensions of [M]~!7 we
acquire 1'/'7 ~ 10" GeV~'). Thus, we observe that this
kinetic dependent subclass of Horndeski/generalized
Galileon gravity can also alleviate the H, tension, since
the Gs(X) term that controls the friction term in the
Friedmann equation is negligible at high redshifts while
it increases and plays a role at low redshifts. Lastly, we
mention that the behavior of ¢% and Qj is similar to the one

H(z)/(1+2)*

1E-3 0.01 0.1 1 10 100

FIG. 6. The normalized H(z)/(1 + z)*? as a function of the
redshift, for ACDM cosmology (black—solid) and for Model II
with Vi, = 1 and with G5(X) = AX*, for 1 = 0.5 (red dashed),
A =0.9 (green dotted) and A =1 (blue dashed-dotted), in H,,
units. We have imposed Q,,, = 0.31.

of Fig. 4, i.e., the scenario at hand is free from ghost and
Laplacian instabilities.

We close this section by confronting the models at hand
with Supernovae type Ia (SNIa) and cosmic chronometer
cosmological data. In particular, concerning SNIla it is
known that

2.5log [Z(L—z)] =pu=m(z) —M =5 log {%p)gbs} + 25,

(33)

with /(z) and m(z) the apparent luminosity and apparent
magnitude, and L and M the absolute luminosity and
magnitude, respectively, while d; (z),, is the luminosity
distance. On the other hand, the theoretical value of the
luminosity distance is

dy (2)e = (1 fdz 34
L(Z)th_< +Z) 0 H(Z/)' ( )
Since we know the evolution of H(z) in our models, as well
as Hcpm(z), in Fig. 7 we depict the apparent minus
absolute magnitude predicted theoretically for our models
as well as ACDM cosmology, on top of the binned
Pantheon sample SNIa data points from [105]. As we
can see, the agreement is very good, and the proposed
models have a slightly higher accelerating behavior, as
expected.

Additionally, the CC dataset is based on the measure-
ments of H(z) using the relative ages of massive and
passively evolving galaxies and the corresponding estima-
tion of dz/dt [106]. In Fig. 8 we confront the theoretically
predicted H(z) behavior, as well as the one of ACDM
cosmology, with the H(z) CC data from [107] at 3¢
confidence level. The agreement is very good, and the
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m(z)-M

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

z

FIG. 7. The apparent minus absolute magnitude predicted
theoretically for Model I with V, =0.08 and with £ =13
(red—dashed) and for Model II with Vy =1 and with 1 =1
(blue dotted) in H, units, on top of the Pantheon SNIa data points
from [105]. For comparison we depict the ACDM curve (black
solid) too.

H(z) evolution of the proposed models lies within the
prediction of the direct measurements of the H(z) from the
CC data, having again a slightly higher accelerating
behavior at low redshifts, for the parameter sets
{Q,0, Vo, &} ={0.31,0.08,1.3} and {Q,0, Vo, 4} =
{0.31,1, 1}.

In summary, there exist regions of the free parameters
that are able to reproduce the observed Hubble function
evolution and at late times potentially alleviate the H,,
tension, implying also the viability of the examined models.
Definitely, in order to conclude on whether a specific model
can alleviate the cosmological tensions, a full confrontation
with all observational datasets is required. The present

300
200
= L
T 100
04
-100 ; . : : : . - -
0.5 1.0 1.5 2.0
V4
FIG. 8. The H(z) in units of Km/s/Mpc as a function of the

redshift, for Model I with Vy, =0.08 and with &= 1.3 (red
dashed-dotted), and for Model II with Vj =1 and with 1 =1
(orange dashed), in H, units, on top of the CC data points from
[107] at 30 confidence level. For comparison we depict the
ACDM curve (black solid) too. We have imposed Q,,o ~ 0.31.

work is just an initial approach on the subject, in order to
reveal the mechanism that is able to lift the present Hubble
parameter value comparing to ACDM scenario (following
the general requirements of [99,100]). The detailed veri-
fication of viability for the proposed models and their
results, applying likelihood analysis and model selection
criteria on full cosmological datasets, lies beyond the scope
of the current work and will be presented in a forthcoming
project.

IV. CONCLUSIONS

The H| tension, unless it is caused by some unknown
systematics or is related with some basic data-handling
error, may provide a strong indication towards the modi-
fication of Standard Model of cosmology. In the present
work we investigated the possibility for its alleviation
through Horndeski/generalized Galileon gravity.

In particular, knowing that the terms depending on Gs
control the friction term in the Friedmann equation, we
constructed specific subclasses depending only on the
field’s kinetic energy X. Since the kinetic energy is small
at high redshifts, namely at redshifts which affected the
CMB structure, the deviations from ACDM cosmology are
negligible. However as time passes X increases in a
controlled way and it leads to a decrease in the effective
Newton’s constant, and thus at low redshifts H(z) acquires
increased values.

We considered two models, one with quadratic and one
with quartic dependence on the field’s kinetic energy. In
both cases we showed that at high and intermediate
redshifts the Hubble function behaves identically to that
of ACDM scenario, however at low redshifts it acquires
increased values, resulting to H,~ 74 km/s/Mpc for
particular parameter choices. Hence, these subclasses of
Horndeski/generalized Galileon gravity can alleviate the
H, tension. We mention that the above behavior is obtained

without a tuning in the initial conditions of ¢ and ¢ (we do
not have much freedom since we set Qpgy = 0.7 and
moreover we desire to have wpg(z =0) around —1).
However, the amount of tuning comes mainly in the
selection of the functions G;’s and K(¢, X), since only a
small subclass of them can fulfill the above requirements.

As a self-consistency test we examined the behavior of
scalar metric perturbations, showing that the conditions for
absence of ghost and Laplacian instabilities are fulfilled
throughout the evolution, and hence that the proposed
solutions are stable and free from pathologies. Finally, for
completeness we confronted the proposed models with
SNIa and CC data, as a first evidence that they are viable
and in agreement with observations.

In summary, in this pilot project we showed that the H,,
tension can be alleviated in the modified gravity framework
of Horndeski/generalized Galileon theory, due to the
weakening of gravity at low redhifts by the terms depend-
ing on the scalar field’s kinetic energy. Definitely, in order
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beyond the scope of this first work, and it is left for a future
project.

to obtain a more concrete verification of the above result
one should perform a full observational confrontation,
using the full datasets, namely data from SNIla, baryonic
acoustic oscillations (BAQO), cosmic chronometers, redshift
space distortion (RSD), CMB shift temperature and polari-
zation, and fog observations, performing also the compari-
son to ACDM concordance scenario using various
information criteria. Such a full and detailed analysis, lies
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