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Warm DBI Inflation
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We propose a warm inflationary model in the context of relativistic D-brane inflation in a warped
throat. The inflaton has Dirac-Born-Infeld (DBI) kinetic term and is coupled to radiation through
a dissipation term. Warm DBI inflation provides an alternative to the traditional reheating mech-
anism by smoothly connecting an early inflationary period with a radiation dominated phase. The
primary source for the primordial cosmological perturbation is a random thermal noise. The per-
turbation freezes at the sound horizon and the power spectrum is determined by a combination
of the dissipative parameter and the sound speed parameter. The thermal dissipation ameliorates
the eta problem and softens theoretical constraints from the extra-dimensional volume and from
observational bounds on the tensor-to-scalar ratio. The warm DBI inflation mechanism can lead to
appreciable non-Gaussianity of the equilateral type. A slow-roll warm inflation model is obtained in
the non-relativistic limit. As a phenomenological model, ignoring compactification constraints, we
show that large-field warm inflation models do not necessarily yield a large tensor-to-scalar ratio.

Inflationary cosmology has become the prevalent
paradigm to describe the physics of the early universe.
Inflation solves the flatness problem, the homogeneity
and unwanted relics problems and predicts a nearly scale-
invariant primordial power spectrum consistent with cur-
rent cosmological observations [1]. Among the most fa-
mous obstacles encountered in inflationary model build-
ing is the so-called eta problem [2]. If the inflaton field
has a Dirac-Born-Infeld (DBI) action [3] it is possible to
circumvent the eta problem [4]. The special form of the
DBI kinetic term introduces an effective speed limit on
the inflaton field which can keep the inflaton near the
top of a potential, even if the potential is steep. In string
theory models of D-brane inflation, the inflaton field can
be interpreted as a moduli parameter of a D-brane [5]
moving in a warped throat region of an approximate
Calabi-Yau, flux compactification. The propagation of
field fluctuations is characterized by the sound speed pa-
rameter, cs, which is characteristically smaller than unity
in DBI models. Because the sound speed is slower than
the speed of light, cosmological perturbations are frozen
at the sound horizon where k = aH/cs, rather than the
Hubble radius where k = aH .

It was soon recognized that ‘ultra-violet’ (UV) DBI
brane inflation is strongly constrained by the combina-
tion of backreaction effects from a relativistic brane mov-
ing in a warped throat [3, 6, 7], and from the inflation-
ary background [8]. It is difficult for models to provide
enough e-foldings to be compatible with cosmological
data [9]. Moreover, the simplest models suffer from a
severe inconsistency problem due to an upper bound on
the tensor-to-scalar ratio arising from constraints on the
throat volume [10] and bulk volume [11], and a lower
bound from observations [12]. Successful reheating, also
posses a significant challenge. Typically, the reheat-
ing process involves brane anti-brane annihilation and

leads to the production of highly constrained, long-lived,
Kaluza-Klein (KK) modes [13].

The standard picture of inflation involves a thermody-
namically supercooled phase of the early universe due to
the exponential expansion. Standard Model particles are
produced via the traditional reheating mechanism after
inflation ends. An alternative proposal is warm infla-

tion [14], during which the vacuum energy of the inflaton
is released into relativistic particles through a dissipa-
tion term during inflation, thus eliminating the necessity
of a reheating process [15]. A distinguishing feature of
this mechanism is that the eta problem is alleviated by
a large dissipation parameter, since the radiation gener-
ated by the time dependence of the inflaton acts to slow
the inflaton field [16]. Inflation ends once the initially
subdominant radiation energy density approaches that
of the vacuum ρr ≃ ρv.

In this Letter, we propose a model of warm DBI in-
flation inspired by the description of a D-brane coupled
to radiation through a dissipation term. A slow-roll re-
alization of the warm inflation naturally emerges in the
non-relativistic limit. We use the reduced Planck mass,
m2

p = 1/8πG = 1, and metric signature (−,+,+,+).

D-brane inflation can be effectively described by the
DBI action,

LDBI =
1

f

[

1−
√

1− 2fX

]

− V , (1)

where we define X ≡ − 1
2
gµν∇µφ∇νφ, φ is the inflaton

field with potential V , and f is the warp factor of an
AdS-like throat. In the traditional (cold) DBI inflation-
ary picture, the above action is coupled to the Einstein-
Hilbert action. The process of the probe brane falling
into the warped throat–from the top of the throat to-
wards the tip–corresponds to a UV model. The inflaton
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equation of motion is

d

dt

(

φ̇

cs

)

+ 3H
φ̇

cs
− cs

a2
~∇2φ+

f ′

f2
(1− cs) + V ′ = 0,(2)

where the dot denotes the derivative with respect to cos-
mic time t, and the prime denotes partial differentiation
with respect to φ. In the above, we have introduced the

sound speed parameter cs =

√

1− fφ̇2, whose variation
during inflation can be characterized by the dimension-
less parameter

s = −2m2
p

c′s
cs

H ′

H
, (3)

which is a newly defined slow-roll parameter. DBI mod-
els are also characterized by the familiar slow-roll expres-
sions,

ǫ = 2csm
2
p

(

H ′

H

)2

, η = 2csm
2
p

H ′′

H
. (4)

The above parameters are expected to be much less than
unity during cold DBI inflation in order to give sufficient
expansion and to account for the observed primordial
power spectrum. Under the slow-roll assumption, the
homogeneous part of the background equation of motion
simplifies to 3Hφ̇+ csV

′ ≃ 0.
We extend the traditional model by introducing a dis-

sipation term Γ. This term can be obtained from finite
temperature field theory [17], in a model of intermediate
particle decay [18], or in the context of a cosmological
thermal brane system [19]. Assuming the interaction be-
tween the inflaton and radiation is indirect 1, the domi-
nant background equation becomes,

(3H + Γ)φ̇+ csV
′ ≃ 0 , (5)

after taking into account the radiation damping effects
on the evolution of the inflaton field. The continuity
equation for the radiation is derived using the above,

ρ̇r + 4Hρr = Γ
φ̇

cs
. (6)

Under the slow-roll approximation, the background equa-
tions reduce to

φ̇ ≃ − csV
′

3H(1 + Γ̄)
, ρr ≃

3Γ̄φ̇2

4cs
, V ≃ 3m2

pH
2 , (7)

where we have introduced the dimensionless dissipative
parameter, Γ̄ ≡ Γ/3H . Hence, the energy density of
radiation can not be fully diluted during inflation.

1 This is a reasonable assumption if the background warped throat
does not carry a standard model charge.

Note that the consistency of the above analysis relies
on behavior of a new slow-roll parameter

σ = 2csm
2
p

Γ′

Γ

H ′

H
, (8)

which quantifies the variation of the dissipation term dur-
ing inflation. The model of warm DBI inflation involves
four slow-roll parameters ǫ, η, s and σ, but the fine-
tuning problem is significantly diminished with respect
to the cold inflationary model, since we only require the
slow-roll parameters to be smaller than 1+ Γ̄ opposed to
unity. We note that, in general, these parameters can be
quite large in a strongly dissipative system. In this warm
brane inflation picture, inflation will end when ǫ = 1+ Γ̄
and the radiation energy density surpasses that of the
probe brane potential vacuum energy.

Now we develop the theory of cosmological perturba-
tions in the warm DBI inflation model. Since we are
working in the context of a cosmological system, the met-
ric perturbation will be included as well as field and ther-
mal fluctuations. Similar to the model of multi-brane
inflation [20], the propagation of each fluctuation com-
ponent has its own sound speed. We can eliminate one
degree of freedom by choosing a suitable gauge, for ex-
ample, the spatially flat gauge with vanishing spatial cur-
vature; accordingly, the gauge invariant perturbation is
given by ζ = H δρ

ρ̇ .

During inflation the energy density of radiation is sub-
dominant, and its thermal fluctuation only contributes to
entropy perturbations. Consequently, we will disregard
it and focus on the field fluctuation. By making use of
the background solution found in Eq.(7), we derive the
relation between the power spectrum of the perturbation
and that of the field fluctuation,

Pζ ≃ (1 + Γ̄)2

2m2
pcsǫ

Pδφ . (9)

The evolution of a DBI field interacting with radi-
ation satisfies a Langevin equation after introducing a
stochastic thermal noise θ. Applying the background so-
lution, we find the inflaton fluctuation satisfies a gener-
alized Langevin equation which, in Fourier space, takes
the form

ük + (3H + Γ)u̇k +
c2sk

2

a2
uk ≃ θk . (10)

If the temperature of the universe is sufficiently high [17],
the thermal noise is assumed to be highly Markovian

a3〈θk1
(t1)θ−k2

(t2)〉
= 2ΓT (2π)3δ(~k1 − ~k2)δ(t1 − t2). (11)

Note that the sound speed parameter in Eq.(10) can
be absorbed into the gradient term by redefinition, and
consequently one can solve the perturbation equation
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through the Green function method developed in [21]
which yields,

Pδφ ≃
√
3π

2

(

1 + Γ̄
)

1

2 HT . (12)

Hence, the sound speed parameter affects the freezing
moment of the field fluctuation but does not change the
fluctuation amplitude. This behavior mimics the stan-
dard DBI inflation scenario.
Based on the above analysis and making use of Eqs. (9)

and (12), one obtains an approximately analytic solution
in the strongly dissipative limit Γ̄ ≫ 1, for the primordial
perturbation at the time of sound horizon exit, i.e. when
k = aH/cs,

Pζ ≃
√
3π Γ̄

5

2 T̄H2

4m2
pcsǫ

, (13)

where we have defined the dimensionless temperature-
to-Hubble ratio, T̄ ≡ T/H . We see that the primordial
perturbation is amplified by both a large dissipation pa-
rameter Γ̄ and a small sound speed cs. The spectral index
is given by

ns − 1 ≡ d lnPζ

d ln k
≃ 1

Γ̄

(

− 3

4
ǫ+

3

2
η − 9

4
σ − 7

4
s

)

.(14)

The above results are in agreement with those obtained
in [21] when cs = 1.
Furthermore, the amplitude of the primordial tensor

perturbation is given by PT = 2H2

π2m2
p

, evaluated at horizon

crossing k = aH . 2 The tensor-to-scalar ratio is

r ≡ PT

Pζ
≃ 8csǫ

30.3Γ̄5/2T̄
, (15)

which implies a modified Lyth bound: the relation be-
tween the field range ∆φ and the number of e-foldings
∆N ,

∆φ =
φ̇

H
∆N ≃ 2.75r

1

2 Γ̄
5

4 T̄
1

2mp∆N .

Here ∆φ is evaluated on observable scales with |∆N| ≃ 4
(corresponding to 1 < l < 100), and

∆φ >∼ 11r
1

2 Γ̄
5

4 T̄
1

2mp .

For sufficiently large dissipation, it is possible to have
a large variation of the inflaton field even if the tensor-
to-scalar ratio is unobservable. This interesting charac-
teristic behavior of warm inflation is present even in the
non-DBI limit.

2 Note, depending on the behavior of the sound speed, the dif-
ference in horizon crossing times of the scalar and tensor com-
ponents may be significant [22]; however, for the sake of the
following approximation argument we will ignore this possibil-
ity. Certainly, in the slow-roll limit the difference is completely
negligible.

Within the context of common string theory compact-
ifications, the variation of the inflaton field is bounded
by the volumes of the warped throat and the compact
bulk [10]. As a naive estimate, we require ∆φ6 <
πf−1m2

p/Vol5, where for a typical compactification,
Vol5 ∼ O(π3). Consequently, this yields an upper bound
on r as a combination of Pζ , Γ̄, T̄ , and the number of
observable e-foldings ∆N :

r <
8Pζ√

3π
5

2Vol5 Γ̄ T̄ 2∆N 6
. (16)

Observable levels of non-Gaussianity, such as may be
produced by the warm DBI mechanism, can help to break
degeneracies between inflationary models (see, e.g. [23]).
To calculate the non-Gaussianity produced in the warm
DBI model, it is necessary to move beyond the leading or-
der. There are two mechanisms to generate non-Gaussian
fluctuations in the model under consideration. One is the
non-Gaussianity produced by nonlinear thermal noise, as
discussed in [24]; the other, is nonlinear interactions of
the perturbative Lagrangian. In warm inflation, non-
Gaussianity in the squeezed triangle limit is expected to
be negligible.
The Lagrangian expanded to cubic order is

L3 ⊇ a3

2c3sφ̇

(

1

c2s
− 1

)[

δφ̇3 − c2s
a2

δφ̇∇iδφ
2

]

. (17)

For sufficiently small cs, the contribution of the cubic
term in the Lagrangian dominates over that of thermal
noise, and we obtain the equilateral type nonlinearity
parameter fequil

NL ≃ 1
3
( 1
c2
s

−1) as in the usual DBI inflation

scenario [3]. Substituting this result into the expression
for the spectral index, one may obtain a lower bound on r
in a UV DBI model [12]. In our case, this bound appears
as a function of ns, σ, fNL, Γ̄, and T̄ ,

r >
8(1− ns − σ

2Γ̄
)

75Γ̄
3

2 T̄
√
3fNL

. (18)

By combining the upper and lower bounds we derive a
lower bound on the dissipative parameter:

Γ̄
1

2

T̄
>

π2Vol5 ∆N 6

25
√
3fNL Pζ

(

1− ns −
σ

2Γ̄

)

. (19)

Provided this inequality is satisfied, there is no inconsis-
tency between the upper and lower bounds on r. This
constraint is satisfied when σ > 2Γ̄(1−ns). The latest ob-
servation of the cosmic microwave background radiation
(CMB) (WMAP7+BAO+H0), yield ns = 0.963 ± 0.012
(68% CL) at the pivot scale k = 0.002Mpc−1 [25], and
thus the permitted regime for Γ̄ and slow-roll parameter
σ is presented in Fig. 1. There is a color grading towards
lighter tones as Γ̄ approaches infinity, which corresponds
to a fine tuning problem possibly existing in our model.
The above conclusion is obtained in an extremal limit

where thermal non-Gaussianity is negligible. However,
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FIG. 1. Observational and theoretical constraints on Γ̄ and
σ. The viable parameter space is within the red region.

away from this limit, when the non-Gaussianity may be
sizeable, one finds that the sign of the estimator is usu-
ally negative which implies that the thermal fluctuation
might be anti-correlated at next to leading order [24].
Summing these two contributions may decrease the value
of fNL and thereby increase the viable parameter space
of the model. In addition, the above constraints on ns,
do not allow for the possibility of running of the spectral
index. Allowing for such running significantly extends
the range of the viable parameter space [26].
Typically in the UV DBI model of D-brane inflation,

generation of observably large non-Gaussianity is accom-
panied by an observably unacceptable blue spectrum [27].
However, when a dissipation term is included the spectral
index depends on the additional slow-roll parameter, σ
(Eq.(14)), which, if sufficiently large, might induce a red
spectral tilt. In order to determine the nature of this ef-
fect on the spectral index, one must compute all slow-roll
parameters in a specific model [26].
Warm inflation is capable of avoiding certain problems

encountered in traditional cold inflation models (for a
review see [28]). As we have discussed, introducing the
DBI mechanism into the warm inflationary paradigm cir-
cumvents the eta problem, and opens the window for
a concrete embedding of the scenario into a string the-
ory model of D-brane inflation.3 The DBI form for the
inflaton kinetic term offers a tantalizing opportunity to
make contact with observational physics through the pro-
duction of potentially measurable non-Gaussian features
in the CMB. By providing a smooth transition from
the inflationary phase to a radiation dominated phase,
the warm brane inflation scenario avoids the difficulties

3 For recent work towards realizing warm inflation in string theory,
see [29].

associated with reheating the post-inflationary universe
via brane anti-brane annihilation. As an aside note we
showed, for the first time, that large-field warm inflation
models do not necessarily produce a large tensor-to-scalar
ratio. For these reasons, we consider warm DBI inflation
to be an attractive candidate to potentially enlarge the
arena for inflationary model building in string theory. A
rigorous construction along these lines remains a chal-
lenge for future research [26].
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