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Modified Gauss–Bonnet theory as gravitational alternative
for dark energy
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Abstract

We suggest the modified gravity where some arbitrary function of Gauss–Bonnet (GB) term is added to Einstein action as
gravitational dark energy. It is shown that such theory may pass solar system tests. It is demonstrated that modified GB gravity
may describe the most interesting features of late-time cosmology: the transition from deceleration to acceleration, crossing the
phantom divide, current acceleration with effective (cosmological constant, quintessence or phantom) equation of state of the
universe.
 2005 Elsevier B.V. All rights reserved.
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1. The explanation of the current acceleration of
the universe (dark energy problem) remains to be a
challenge for theoretical physics. Among the number
of the approaches to dark energy, the very interesting
one is related with the modifications of gravity at large
distances. For instance, adding 1/R term[1,2] to Ein-
stein action leads to gravitational alternative for dark
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energy where late-time acceleration is caused by the
universe expansion. Unfortunately, such 1/R gravity
contains the instabilities[3] of gravitationally bound
objects. These instabilities may disappear with the ac-
count of higher derivative terms leading to consistent
modified gravity[4]. Another proposals for modified
gravity suggest lnR [5] or Tr1/R terms[6], account
of inverse powers of Riemann invariants[7] or some
other modifications[8]. The one-loop quantization of
generalf (R) in de Sitter space is also done[9]. In
addition to the stability condition which significally
restricts the possible form off (R) gravity, another
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restriction comes from the study of its Newtonian
limit [10]. Passing these two solar system tests leads
to necessity of fine-tuning of the form and coefficients
in f (R) action, like in consistent modified gravity[4].
That is why it has been even suggested to consider
such alternative gravities in Palatini formulation (for
recent discussion and list of references, see[11]).

In the present Letter we suggest new class of mod-
ified gravity, where Einstein action is modified by
the functionf (G), G being Gauss–Bonnet (GB) in-
variant. It is known thatG is topological invariant in
four dimensions while it may lead to number of in-
teresting cosmological effects in higher-dimensional
brane-world approach (for review, see[12]). It natu-
rally appears in the low energy effective action from
string/M-theory (for recent discussion of late-time
cosmology in stringy gravity with GB term, see[13]).
As we demonstrate below, modifiedf (G) gravity
passes solar system tests for reasonable choice of the
function f . Moreover, it is shown that such mod-
ified GB gravity may describe late-time (effective
quintessence, phantom or cosmological constant) ac-
celeration of the universe. For quite large class of func-
tionsf it is possible to describe the transition from de-
celeration to acceleration or from non-phantom phase
to phantom phase in the late universe within such
theory. Thus, modified GB gravity represents quite in-
teresting gravitational alternative for dark energy with
more freedom if compare withf (R) gravity.

2. Let us start from the following action:

(1)S =
∫

d4x
√−g

(
1

2κ2
R + f (G)

)
.

Here G is the GB invariant:G = R2 − 4RµνR
µν +

Rµνξσ Rµνξσ . By introducing two auxiliary fieldsA
andB, one may rewrite the action(1) as

(2)S =
∫

d4x
√−g

(
1

2κ2
R + B(G − A) + f (A)

)
.

Varying overB, it follows A = G. Using it in (2), the
action(1) is recovered. On the other hand, by the vari-
ation overA in (2), one getsB = f ′(A). Hence,

S =
∫

d4x
√−g

(3)×
(

1

2κ2
R + f ′(A)G − Af ′(A) + f (A)

)
.

The scalar is not dynamical, it has no kinetic term and
is introduced for simplicity. Varying overA, the rela-
tion A = G is obtained again.

The spatially-flat FRW universe metric is chosen as

(4)ds2 = −dt2 + a(t)2
3∑

i=1

(
dxi

)2
.

The first FRW equation has the following form:

(5)0= − 3

κ2
H 2 + Af ′(A) − f (A) − 24Ȧf ′′(A)H 3.

Here the Hubble rateH is defined byH ≡ ȧ/a. For
(4), GB invariantG (A) has the following form:

(6)G = A = 24
(
ḢH 2 + H 4).

In general, Eq.(5) has de Sitter universe solution
where H and thereforeA = G are constants. If
H = H0 with constantH0, Eq.(5) looks as:

(7)0= − 3

κ2
H 2

0 + 24H 4
0f ′(24H 4

0

) − f
(
24H 4

0

)
.

For large number of choices of the functionf ,
Eq. (7) has a non-trivial(H0 �= 0) real solution forH0
(de Sitter universe). Hence, such de Sitter solution may
be applied for description of the early-time inflation-
ary as well as late-time accelerating universe.

Let us check now how modified GB gravity passes
the solar system tests. The GB correction to the New-
ton law may be found from the coupling matter to the
action(1). Varying overgµν , we obtain

0= 1

2κ2

(
−Rµν + 1

2
gµνR

)
+ T µν + 1

2
gµνf (G)

− 2f ′(G)RRµν + 4f ′(G)Rµ
ρRνρ

− 2f ′(G)RµρστRν
ρστ − 4f ′(G)RµρσνRρσ

+ 2
(∇µ∇νf ′(G)

)
R − 2gµν

(∇2f ′(G)
)
R

− 4
(∇ρ∇µf ′(G)

)
Rνρ − 4

(∇ρ∇νf ′(G)
)
Rµρ

+ 4
(∇2f ′(G)

)
Rµν + 4gµν

(∇ρ∇σ f ′(G)
)
Rρσ

(8)− 4
(∇ρ∇σ f ′(G)

)
Rµρνσ .

Here T µν is matter EMT. In the expression(8), the
third derivative f ′′′(G) is included as∇2f ′(G) =
f ′′′(G)∇2G + f ′′(G)∇µG∇µG, for example. In
Eq.(5) corresponding to the first FRW equation, how-
ever, the terms includingf ′′′ do not appear. When
T µν = 0, the(t, t)-component of Eq.(8) reproduces
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