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MOTIVATION
• We would like to explain the accelerated epochs of the universe:

• Inflation:

• inflationary field with negative pressure

• Artificial mechanism to turn out the exponential expansion

• Problems with initial conditions (fine-tuning) 

• Late-time acceleration

• If constant, we invoque a cosmological constant with out a physical explanation so far

• If dynamical, there is no a clear idea about its nature

• Ho tension

ϕ
Λ



THE THEORY
• We modified gravity by adding an infinite tower of curvature invariants

S = ∫ d4x
−g

2κ
(R +

∞

∑
n=3

α(n)ℛ(n))

Properties • Schwarzschild-like black hole solutions [Bueno & Cano 2017]

• Only the standard graviton. [Bueno & Cano 2016, Bueno et al 2017]

• No phantoms. [Bueno & Cano 2016, Bueno et al 2017]

• In general, the field equations are of 4°order.     Renormalization?  [Stelle 1977]

• 2° order field equations in FLRW universe [Arciniega et al 2020]

[Arciniega & Jaime 2021]



THE THEORY
• The modified Friedmann equations are

3F(H) = κρ + Λ

where

−
·H

H
F′ (H) = κ(ρ + P)

F(H) = H2 +
∞

∑
n=3

α(n)H2n

[Arciniega et al 2020]



THE THEORY
• Lets rewrite the second of the Friedmann equations as

··a
a

= H2 −
κH(p + ρ)

F′ (H)

Inflaton with negative pressure

[Arciniega et al 2020]



THE MODEL

• We want to build a model that can produce acceleration (early and late)

F(H) = H2 +
∞

∑
n=3

α(n)H2n

It would be possible to produce 
inflation?

After that process… it would be 
possible to reproduce our universe?

[Arciniega & Jaime 2021]



• With the model, I mean the form of the serie…

F(H) = H2 +
∞

∑
n=3

α(n)H2n

Inflation
High energy

Late Acceleration
Low energy

THE MODEL [Arciniega & Jaime 2021]



• We can separate into:

F(H) = H2 +
∞

∑
n=3

α(n)H2n

General 
Relativity

H2 +
∞

∑
n=3

λ̃(n)L2(n−1)H2n +
∞

∑
m=3

β̃(m)L2(m−1)H2m

Geometric 
inflation

Late 
Acceleration

-

THE MODEL [Arciniega & Jaime 2021]



• We choose

λ̃ (2n − 3) = 0,

λ̃(4) = λ,

λ̃ (n) =
λ

n − 4
2 +1

[(n − 4)/2]!

β̃(3) = 0,

β̃(n) =
(−1)n−1βn−3

(n − 4)!
,

H2 +
∞

∑
n=3

λ̃(n)L2(n−1)H2n +
∞

∑
m=3

β̃(m)L2(m−1)H2m-

THE MODEL [Arciniega & Jaime 2021]



• We choose

F(H) = H2 + (λL6 − βL6)H8 + β2L8H10

+(λ2L10 −
1
2!

β3L10)H12 +
1
3!

β4L12H14

+(
1
2!

λ3L14 −
1
4!

β5L14)H16 + ⋯

THE MODEL [Arciniega & Jaime 2021]
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• Then, the model will be given by

F(H) = H2 + H8(λL6eλ(LH)4 − βL6e−β(LH)2) .- -

Inflation
High energy

Late Acceleration
Low energy

THE MODEL [Arciniega & Jaime 2021]



COSMIC HISTORY WITH GEOMETRIC 
INFLATION (GI)

• Lets explore, first the case with only the 
high energy contribution and the 
cosmological constant will drive the late 
acceleration
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3F(H) = κρ + Λ

−
·H

H
F′ (H) = κ(ρ + P)

[Jaime 2021]



COSMIC HISTORY WITH GEOMETRIC 
INFLATION (GI)
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• Lets explore, first the case with only the 
high energy contribution and the 
cosmological constant will drive the late 
acceleration

F(H) = H2 + H8λL6eλ(LH)4

3F(H) = κρ + Λ

−
·H

H
F′ (H) = κ(ρ + P)



HISTORY OF THE UNIVERSE WITH GEOMETRIC 
INFLATION AND LATE ACCELERATION (GILA)

• Now, we explore the cosmological 
solution for GILA
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F(H) = H2 + H8(λL6eλ(LH)4 − βL6e−β(LH)2)- -



HISTORY OF THE UNIVERSE WITH GEOMETRIC 
INFLATION AND LATE ACCELERATION (GILA)

• Now, we explore the cosmological 
solution for GILA

3F(H) = κρ

−
·H

H
F′ (H) = κ(ρ + P)
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F(H) = H2 + H8(λL6eλ(LH)4 − βL6e−β(LH)2)- -



HISTORY OF THE UNIVERSE WITH GEOMETRIC 
INFLATION AND LATE ACCELERATION (GILA)

• Late acceleration

3F(H) = κρ

−
·H

H
F′ (H) = κ(ρ + P)

F(H) = H2 + H8(λL6eλ(LH)4 − βL6e−β(LH)2)- -
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HISTORY OF THE UNIVERSE WITH GEOMETRIC 
INFLATION AND LATE ACCELERATION (GILA)

• It looks quite the same, nevertheless it has 
some important differences that could have 
some impact on the sound horizon scale

r*(z) ≡ ∫
zinf

z*

dz
H(z) 3R(z) + 1

,

-30 -25 -20 -15 -10 -5 0
-0.6

-0.4

-0.2

0.0

0.2

0.4

[Arciniega & Jaime 2021]



CONCLUSIONS
• We have presented a new theory with the next properties, so far…

• Its vacuum spectrum consists solely of a graviton and the theory is ghost-free.

• It posses Schwarszchild black hole solutions.

• Its cosmology (FLRW) is well-possed as an initial value problem.

• It produce a geometric mechanism triggering an inflationary epoch which is gracefully connected to 
the rest of the evolution of the universe.

• Variations of H are small during the BBN

• The value of  can reach a lower value than in GR+

• It produce late acceleration without a cosmological constant which is in agreement with SNIa data.
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