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Primordial non-Gaussianity from the DBI Galileons

Shuntaro Mizuno* and Kazuya Koyama®

Institute of Cosmology and Gravitation, University of Portsmouth, Portsmouth POI 3FX, United Kingdom
(Received 13 September 2010; published 12 November 2010)

We study primordial fluctuations generated during inflation in a class of models motivated by the DBI
Galileons, which are extensions of the DBI action that yield second-order field equations. This class of
models generalizes the DBI Galileons in a similar way with K inflation. We calculate the primordial non-
Gaussianity from the bispectrum of the curvature perturbations at leading order in the slow-varying
approximations. We show that the estimator for the equilateral-type non-Gaussianity, f\ﬂ'jﬂ, can be applied
to measure the amplitude of the primordial bispectrum even in the presence of the Galileon-like term
although it gives a slightly different momentum dependence from K-inflation models. For the DBI
Galileons, we find —0.32/c2 < jﬁ{"l < —0.16/c? and large primordial non-Gaussianities can be obtained
when ¢, is much smaller than 1 as in the usual DBI inflation. In G-inflation mode;ls, where a de Sitter
solution is obtained without any potentials, the nonlinear parameter is given by fed"! = 4.62/~%/3, where

r is the tensor to scalar ratio, giving a stringent constraint on the model.
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I. INTRODUCTION

The DBI inflation model [1] is one of the most interest-
ing possibilities to realize large non-Gaussianity of the
cosmic microwave background (CMB) temperature fluc-
tuations. Non-Gaussianity of the curvature perturbation in
DBI inflation has been studied extensively [2-22] (see also
[23,24] for reviews).

Recently, a very interesting extension of the DBI infla-
tion model, the so-called “DBI Galileons” was proposed
by de Rham and Tolley [25] (see also [26]). This is based
on the relativistic extension of the Galileon model [27-29]
(for studies of cosmology based on the Galileon field, see
Refs. [30—40]). The simplest example is a single field
model that arises from a probe brane action in the five-
dimensional spacetime. Let us consider the following four-
dimensional induced action on the probe brane:

s = f d'x =5\ — MK), (1)

where A is a tension of the brane, M5 is the five-
dimensional Planck constant, g,, is the induced metric
on the brane,

8uv = Mpy T 9,7, 7, 2)
and K is a trace of the extrinsic curvature K,,,,,

P 9,0,
r J1+ (677)2'

Here 7 is a modulus describing the position of the brane.
Using the fact that the inverse metric is given by
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g*’ = n*¥ — y?9* ¥, where vy is the Lorentz factor
v = 1/4/1 + (97)?, the brane action is written as

S = —A[d“x«l + (9)* + M3
X [d“x(lihr — )/26#6,,778“778”77). 4)

By integrating by part and discarding the total derivative
terms, this action can be rewritten as

S = —A/d“xﬂl + (am)? + Af fd4x(y2(8w)ZD7T
+ 9, (yH)(0#m)(9m)?). (5

The first term is the usual DBI action. The higher order
terms look to contain the higher derivatives but the equation
of motion is at most second order in derivatives. In the
nonrelativistic limit y — 1, this reduces the Galileon model
where the action is invariant under the Galileon symmetry
d,m— d,m+ c,. Itis also possible to include two more
higher order terms in the action, but in this paper we focus
our attention on the leading order cubic order terms.

Recently, Refs. [41,42] considered a generalization of
this model. This generalization is based on the extension of
DBI inflation to K inflation. The generalized action is
given by

S = [ d'x/TE(P(X, ¢) — G(X, $)T¢p),  (6)

where ¢ is the same degree of freedom as 7r, but it is
defined so that ¢ has a dimension of mass and X =
—(1/2)(9¢)%. In Eq. (6), P(¢, X) and G(¢, X) are arbitrary
functions of ¢ and X. Precisely speaking, this general-
ization does not include the action (5). However, in the DBI
inflation, the Lorentz factor, 7y, varies very slowly and at
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leading order in the slow-varying parameters, which is
usually used to calculate the leading order contribution to
non-Gaussianity, the last term in (5) does not play a role.
Thus the action (6) is general enough to include the case of
the DBI Galileons. Again the equation of motion is at most
second order in derivatives.

In this paper, we study primordial fluctuations generated
during inflation described by the action (6). We calculate
the power spectrum of the curvature perturbation as well as
the bispectrum of the curvature perturbations. Two ex-
amples of the model are considered: one is the DBI
Galileons described by the action (5). The other is
G-inflation models proposed by Ref. [42]. This model is
based on a specific choice of the functions P(X) and G(X)
that realizes a de Sitter solution without any potentials.

This paper is organized as follows. In Sec. II, we in-
troduce a model studied in this paper. The power spectrum
is calculated in Sec. II and the bispectrum is discussed in
Sec. III. In Sec. IV, we consider two examples, the DBI
Galileons and G inflation. Section V is devoted to
conclusions.

II. MODEL

Assuming that ¢ described by the action (6) is mini-
mally coupled to gravity, we consider a class of models
described by the following action:

1
S = 5 [d4x1 [=8[M3R + 2P(¢, X) — 2G(¢, X)),
(N
where M, is the Planck mass. In the background, we are

interested in flat, homogeneous, and isotropic Friedmann-
Robertson-Walker universes described by the line element

ds? = —di* + a*(1)8;;dx'dx/, (8)

where a(t) is the scale factor. It can be shown that the
energy density and pressure of the field are given by

p=2PxX — P+ 6GxyHpX —2G 4X, )

p=P—2Gy+Gxd)X, (10)

where H = a/a is the Hubble parameter, the dot repre-
sents a derivative with respect to cosmic time ¢, and the
subscripts , X and , ¢ denote derivatives with respect to X
and ¢, respectively. The Friedmann equation and the field
equation are given by

3MAH? = p, (11)
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Px(¢ +3Hd) + 2P xxXb + 2P x4 X — P,
—2G 4(¢ +3Hp) — 2G x4 X(d — 3Hp)
+6G x[(HX) + 3H?X] — 2G 44 + 6G xxyHXX = 0.
(12)
It is useful to define a slow-varying parameter

_H _XPy+3GyHpX
H? M2 H?

E =

: (13)

where for the second equality, we have assumed the quan-
tities |/(H¢)| and IG,¢,¢'>/(GH)| are much smaller than
1. Since we are interested in fluctuations generated during
inflation, we will consider the background that satisfies the
slow-varying conditions which are given by |€| < 1, to-
gether with |¢/(H¢)| < 1 and |G 4¢/(GH)| < 1.

III. POWER SPECTRUM

We are interested in the primordial curvature perturba-
tion on uniform density hypersurfaces, £, on large scales,
which is directly related to temperature anisotropies in the
CMB. In order to calculate the statistical quantities of { at
leading order in the slow-varying approximations, we first
calculate the bispectrum of the fluctuations of inflaton ¢ in
the flat gauge where the three-dimensional metric takes the
form h;; = a*6,;, and then relate it to that of { using the
relation obtained from the delta-N formalism [43,44]

[=-2 (14)
¢
In Eq. (14), ¢ is the background value and Q is the
perturbation in the flat gauge. In this gauge, at leading
order in the slow-varying approximations, the second-
order action is expressed as

1
S, = [ dtd3xa3[P,X5X<2> + zPXX((SX<1>)2

— G,X5X(2)D¢(0) — G,XéX(l)qu(”

1

=5 Gxx(8X1)? 0 ] (15)
with

.o 1. .
5XV =40, 6XP =0 - 01000

2 2a
. . . 1 .
O¢©® =-3Hp, ¢V =-0-3H0+—03,0.
a
(16)
Introducing the sound speed for the scalar perturbations
Px +4¢pHG x

2= : . an
Py +2XPyx + 6Hp(G x + XG xx)
and integrating by parts, we can write the second-order

action as
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3 2
S, = [dzde L Py + 4¢HGX)[Q2 - C—;ana,-Q].
2¢5 ' a
(18)
The perturbations in the interaction picture are promoted
to the quantum operators as

o(r,x) = (2717_)3 fd3kQ(7-, K)elkx,

0(7, k) = u(r, k)a(k) + u*(r, —k)at (—k),

19)

where a(k) and af(—Kk) are the annihilation and creation
operators, respectively. They satisfy the usual commuta-
tion relations

[a(ky), at(ky)] = 27)* 6% (k; — k), [a(ky), a(k,)]
= [a®(ky), at(ky)] = 0. (20)

From the second-order action (18), the solution for the
mode functions is given by

H 1 A
u(t, k) = . 3—/2(1 + ikcyT)e ke,
V2e,(Px +4GHG ) ¥
2D
It is convenient to introduce the following parameters:

GxpX

v = 'Xf ) E=¢e+y, (22)
M2, H

where € coincides with € when there is no Galileon-like
term. € is also much smaller than 1 for » << 1. Then, the
power spectra of Q and { are given by

(0(k1)Q(ky)) = 2m)* 8 (ky + kz)TQk—

X (23)

° arMcE

272
3 b
1

2 2

(L2l = 250k + ) Py 2

1

1w (24)
¢ 8w My i€

which are evaluated at the time of the sound horizon exit,
csk = aH. 1t is worth noting that it is € and not € which
appears in Eq. (24), which gives the behavior of the power
spectrum that is different from the usual K-inflation model
as we will see below. Defining additional slow-varying
parameters

. _ € Cy
n=— s =
éH’ c,H’

(25)

the spectral index of the primordial power spectrum is
given by
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AP0
s dlnk

We need to require €, 7, and s to be very small in order to
realize the almost scale invariant power spectrum. We have
confirmed that this result is consistent with the one ob-
tained in Ref. [42] when the conditions |¢/(H )| < 1 and
|G 4 ¢/(GH)| < 1 are satisfied. Notice that 7 is different
from the usual 7 defined by n = €/(eH).

The power spectrum and spectral index of tensor per-
turbations are given by the usual expression

2H?
2172’
T Mpl

—2e—7 —s. (26)

Pr= nyr = —2e. 227

In the usual K inflation, n; and the tensor to scalar ratio
r=P;/ P are not independent, and there is a so-called
“consistency relation” r = —8c,nr [45]. However, it is
clear that this relation does not hold in the presence of the
Galileon-like term. Instead, we have

r= —8c,(ny — 2v), (28)
where v is given by Eq. (22).

IV. BISPECTRUM

The third order action can be obtained in the same
way as

3 a’ -3 C, . .
S3 = fdtd XE[CIQ + —2Q8’Q8,Q
a

R 000,000,0 + 55 0003,0]  (9)
where
C) = 2X?P yxx + XP xx + 2HPX?G xxx
+5HXG yy + HPG y,
C, = —(XPyy + 3HPXG yx + HHG y),
C; =1H¢Gy, Cy=2HdGx +2HPXG xx.  (30)

The vacuum expectation value of the three point opera-
tor in the interaction picture is written as [43,46]

(0(t, k1) O(1, k) O(1, k3))
— f LA k) Q1 k)0 ko), H/(DD, (1)

where #, is some early time during inflation when the
field’s vacuum fluctuation are deep inside the sound hori-
zon and 7 is some time after the sound horizon exit. If one
uses a conformal time, it is a good approximation to
perform the integration from —oo to 0 because 7=
—(aH)~'. H, denotes the interaction Hamiltonian and it
is given by H; = —Ls, where L5 is the Lagrangian ob-
tained from the action (29). Using the solution for the mode
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function and the commutation relations for the creation and
annihilation operators, we get

(0(k1)0(ky)Q(k3)) = 2m)3 8% (ky + k; + k3)

HS
X - -
(Px +4dHG x) ¢
1
X ——= Ay, (32)
IR
where
C C
A, =3(c1 —C—;‘>A1 > zﬂlz 3;43, (33)

and Cy, C,, C3, C4, and C5 are given by Eq. (30). In
Eq. (33), we have introduced the shape functions A,
A,, and Aj as

kzkzk2
A, =125, (34)
k’k, -k ky tk kok
A,=-1 12< 3’<1~|— 2K 3—i—212<3>+2perms (35)
k%kl ° kz k1k2 + k2k3 + k3k1 k1k2k3
.Ag = K (1 + K2 +3 K3 )
+ 2 perms, (36)

where K = k; + k, + k3. The shapes A, and A, appear
in the usual K-inflation models [7] and their amplitudes
can be measured by the estimator for the equilateral-type
non-Gaussianity, feq"ﬂ [47]. On the other hand, the shape
A5 is completely new that arises from the Galileon-like
term.

For the bispectrum of /, making use of Egs. (14) and
(24), we obtain the following expression:

(L(k{(ky)l(k3)) = 2m)380 (kg + Kk, + kj)

X (P)*F(ky, ky, k3), (37)
where
2m)*
Fky, ko, k3) = ég ) meﬂ,, (38)
i= 1 z j=
f(l) _ —3(C1c%.— C,) ’
(Px +4¢HG y)
C
fo=- s (39)
2(Px +4¢HG x)
O = G

(Px +4¢HG x)c?

In the following, we will study the momentum depen-
dence of the bispectrum. Especially, we will check the
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validity of using the estimator for equilateral-type non-
Gaussianity, fs*, for the bispectrum even in the presence

of the new shape A ;. The estimator is defined by
il 4 9 quil
Fel(ky, ky, k3) = (27m) 1o N

><<— 112
Kk Kk Bk kkgk

1

+— i k2k3 +(5 perms)) (40)
where the permutations act only on the last term in paren-
theses. This shape is factorizable and it is possible to
construct a fast optimal estimator that can be applied to
the CMB map. For this purpose, it is useful to define shape
functions F®(ky, ky, k), i = 1, 2, 3 corresponding to the
shapes A ; in Eq. (38). As mentioned before, the shape of
the bispectrum in K inflation is characterized by the sum of
FO(ky, ky, k) and F@(ky, ky, k3) with £ and f@ de-
pending on P(X). For example, in DBI inflation, the rela-
tion f@/f1) = —2/3 holds. However, since functions
FW(ky, ko, k3) and F®(ky, ky, k3) are not factorizable,
Fe(k,, ky, k3) is usually used to approximate the shape
functions F(ky, ky, k) and F® (ky, ky, k3).

In Fig. 1, we compare FUil(k, k,, k;) with
FU(ky, ky, k3), FP(ky, ky, k3), and FO(ky, ky, k) with
appropriate normalizations. From this, we see that not
only FW(ky, ky, k3) and F®(k,, k,, k3), but also the
function F®(k,, k,, k3) has a very similar shape with
Feil(k, &y, ks) and it can be expected that £ provides
a good measure of the bispectrum even in the presence of
the new shape function F®. We can prove this quantita-
tively by the following shape correlator C for two different
shapes characterized by F and F’ introduced by Ref. [48]
(see also [49,50]),

CEF) - TEF @1

JVFERFEF)

where the overlap function F is given by

F(F, F)= f dV F(ky, ky, k3)F'(ky, ks, k3)
X H?:lk?wB(kb k2) k3) (42)

In Eq. (42) the integration is performed for the region
where the triangle condition for (k, k,, k3) holds and
weight function wp is given by
= 1 (43)
R
Table 1 shows that the shapes F°dil(k,, k,, k5) and
FO)(ky, ky, k) are almost completely anticorrelated, which

means that it is very reasonable to adopt the estimator £
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FIG. 1 (color online).

PHYSICAL REVIEW D 82, 103518 (2010)

In this group of figures, we plot the shape functions F(1, ky/ky, k3/k;)(ky/k,)*(k3/k;)? as functions of

(ky/ky, k3/k,). The figures are normalized to have values of 1 for equilateral configurations k,/k; = k3/k; = 1 and set to zero outside
the region 1 — ky/k; < k3/k; =< ky/k;. We plot FID(ky, ky, k3), F@(ky, ky, k3), FO(ky, ky, k3), and FeUil(k,, k,, k3) for upper left,

upper right, lower left, and lower right, respectively.

to measure the amplitude of the bispectrum even in the
presence of the shape FO(k,, ky, kj).

Now that the validity of using the estimator for the
equilateral-type non-Gaussianity, £33 for the bispectrum
corresponding to the new shape A is confirmed, we will
obtain fS3"! for the bispectrum given by Eq. (38). We
match the two different shapes (38) and (40) so that these
two shapes have the same amplitudes at the equilateral

configuration k; = k, = ks. This gives

TABLE 1.

i 10 85 65
equil _ 7Y £(1) _ 27 £2) — 2F £(3) 44
NL 243f 81f 81f ’ (“44)

V. EXAMPLES
A. The DBI Galileons

For the first example, we consider the DBI Galileons
[25] described by the action (5). Here we extended the
original DBI Galileon model by introducing V(¢), f(¢),

Shape correlations between the factorizable equilateral shape F°4"!(k,, k,, k3) and

the shapes of primordial bispectra characterized by functions F’ D(ky, ky, k3), FP(ky, ky, k3), and
F®(ky, ks, k3). For comparison, we have also shown the correlation between the equilateral
shape and that obtained in DBI inflation which is given by F((k, ky, k3) + F@(k,, ky, k3)

satisfying f®/f) = —2/3,
FO(ky, ky, k3) FO(ky, ky, ks) FO(ky, ky, k3) FPBU(ky, ky, k3)
Overlap 0.936 —0.995 —0.999 89 —0.993

103518-5



SHUNTARO MIZUNO AND KAZUYA KOYAMA

and g(¢) which depend on ¢ weakly so that the slow-
varying parameters are sufficiently small.

P(d, X) = —f(¢) "Y1 = 2Xf($) + f($)~' = V(¢),

().
G X = T 0x @)

It is worth mentioning that only particular choices of the
functions f(¢) and g(¢) come from genuine higher-
dimensional symmetries, although the equations of motion
are still kept to be second order.

In order to analyze this model, it is convenient to define
cp = 1/Px which corresponds to the sound speed in the
DBI model in the absence of the Galileon-like term. Since
it is known that 23" o 1/¢2 in DBI inflation and we are
interested in the case where the large non-Gaussianity is
generated, we consider only the case with ¢p < 1.

We assume that the inflation is driven by the potential
term, that is, V > X/cp, gH$X in Eq. (11) as in usual
DBI inflation. During inflation, the field equation (12)
becomes

(45)

3 . 18gH*X
ZHp+ =24V, =0, (46)
CD CD

The value of cp is specified from the background equations
once V(¢) and f(¢) are given. We assume ¢p/cpH < 1
so that, at leading order, cp, is constant [it is also possible to
construct a model where ¢ is constant by choosing a
functional form of f(¢) for a given V(¢), see Ref. [51]
for the details]. We define a parameter by, = gHd/ c3) S0
that the first two terms in Eq. (46) are comparable when b,
is of order 1. It is worth noting that bp can be also ex-
pressed as b, = v/(e — 3v). Making use of the concrete
forms of P(X, ¢) and G(X, ¢) in Eq. (45) as well as the
definition of bp), the coefficients Cy, C,, C3, and Cy in the
third order action (30) are given by

1 1
C,=—=(1 +24bp), C,=——=(1+ 12bp),
1 2C%( D) 2 ZC%( D)

1 4
C; = _2—170, Cy = —=bp, (47)
Cp CD

where we have used XPyyx~1/(2c3), X°Pxxx ~
3/(4cp), Gy ~g/ch, XGyx~2g8/ch, X*Gxxx~
6g/c8,, and cp < 1.

Then, the parameters f' ) in Eq. (39) become

= 3 (1 4 20b,)
2¢3 (1 + 4bp)(1 + 12bp)’
@ — (1 +12bp)
4(1 + 4bp)c3) (48)
ey (1 + 12b,)b),

2(1 + 4bp)*cy’
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From Eq. (44) we obtain

equil _ 5 (21 +546b, + 3776b}, + 6048b3},)
NE 3242 (1 +4bp)(1 + 12bp)? '
(49)

which becomes —0.16/c? for by, > 1 and —0.32/c? for
bp — 0. To obtain Eq. (49), we have used that cp and c;
are related as

, (14 12bp) ,
ch (1 + b)) cs. (50)
The nonlinear parameter fsi" scales as o 1/¢? and can be
detectable by future experiments such as PLANCK for
sufficiently small c;.

Especially, in the case of 7 = s = 0, we find that the
following relation holds:

1 + 4b),

— 8¢,
"% 3,

(1 = ny). D

equil

Combined with Eqgs. (49) and (51), we can express fy;, in
terms of n, and r as

il (I—n )?
N 20— (52)
where the coefficient is almost independent of by, for this
setup. This relation suggests that these Galileon-like terms
do not help embed the DBI inflation into string theory

[52,53].

B. G inflation

The second example is the recently proposed G inflation
where an exact de Sitter solution is realized without in-
troducing a potential [42]. In this model the functions P(X)
and G(X) are chosen as

X? 1
PX)=—X+—r), GX)=-—X. 53
() e G0 = EX 6
The de Sitter solution is obtained when P x + 3H ¢/ M?>=0
is satisfied in Eq. (11). The solutions are obtained as

X = uM?3x,
M3 (1—x)? 1—x 0
H=—— , where ————=+/6-—. (54)
Bu x xy1—x/2 M,

Here as in Ref. [42], we only consider simple cases where
u << M. In this situation, (1 — x) = \/g,u/Mpl <« 1 and
w is related to My, M, and H as p = 6MH?/M°.

Then, making use of the concrete forms of P(X, ¢) and
G(X, ¢) in Eq. (53), the fine-tuning condition Py +
3Hd/M? =0 and Eq. (54), the primordial power spec-
trum and tensor to scalar ratio are given by
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J6H? 1

lom* M3 (1 — x)*/’

p= 100 g,

:Pg =
(55)

where we neglected the correction to the tensor to scalar
ratio, r = 16¢,é€, that arises if we allow a small deviation
from the pure de Sitter inflation. As was pointed out in
Ref. [42], r becomes nonzero even in the pure de Sitter
solution, i.e. for € = 0. On the other hand, n, — 1 becomes
0 for the pure de Sitter inflation, but again if we allow a
small deviation for it parametrized by the slow-varying
parameters, n, is given by Eq. (26).

For the primordial bispectrum, the parameters ) in
Eq. (39) become

9
(1) — Z
f X
3
2 —_ > (56)
F ==
3
3) — _—
A i

where we have set x = | unless it appears in the form of
I — x. Then from Eq. (44) we obtain

i 5
equil __
N T 1 =) (57)

Especially, from Eq. (55) and assuming the pure de Sitter

inflation, € = 0, £33 is related to r as
il _ 4 6p 1 (58)
NL 2/3 ’

which gives a strong constraint on this model. For example,
if » = 0.17, which can be detected by the PLANCK satel-

lite [54], fequll = 15.1. Therefore, a detection or nondetec-
tion of the tensor mode and equilateral-type non-
Gaussianity by PLANCK will tightly constrain the model.

VI. CONCLUSION

The DBI inflation model [1] has been extensively
studied recently for both theoretical and phenomenological
reasons. Especially, it is well known that the DBI inflation
model can give large non-Gaussianity of the CMB tem-
perature fluctuations. Recently, de Rham and Tolley [25]
proposed a new model so-called the DBI Galileons based
on a probe brane action in the higher-dimensional space-
time. Interestingly, this model naturally provides a connec-
tion between the DBI model and the relativistic
generalization of the Galileon model [27], where the equa-
tion of motion is at most second order in derivatives due to
the Galileon symmetry 9,7 — 9,7 + c,. Since the DBI
inflation is supposed to be driven by the dynamics of the

PHYSICAL REVIEW D 82, 103518 (2010)

brane in the higher-dimensional bulk, it is interesting to
study the effect of the Galileon-like terms in DBI inflation

In this paper, motivated by the DBI Galileons, we
studied primordial fluctuations generated during inflation
described by the action (6) which is obtained by general-
izing the action of the DBI Galileons. This generalization
is done in a similar way to the extension of the DBI
inflation to the K inflation. In order to calculate the statis-
tical quantities of £, the curvature perturbation on uniform
density hypersurfaces on large scales, at leading order in
the slow-varying approximations, we have adopted the
simple procedure [44] to first calculate the bispectrum of
the fluctuations of inflaton ¢ in the flat gauge and then
relate it to that of £ using the delta-N formalism (14).

For the linear perturbations, we have confirmed that,
owing to the Galileon-like term, the expression of the
sound speed ¢, for the scalar perturbations is modified
from the usual K-inflation model [Eq. (17)]. We also
provided general expressions for the power spectrum P,
spectral index ng, and tensor to scalar ratio r at leading
order in the slow-varying approximations. In these expres-
sions, € defined by Eq. (22), not € = —H/H?, plays an
important role [Eqgs. (24), (26), and (28)]. Because of this,
the consistency relation between the tensor to scalar ratio
and the tensor spectrum index is broken if there exists the
Galileon-like term.

We calculated the bispectrum at the leading order in the
slow-varying variables. The Galileon-like term gives a new
shape A; in addition to the shapes “A; and A, which
arise in the usual K inflation [Egs. (34)—(36)]. For the new
shape A5, we checked the validity of using the estimator
for the equilateral-type non-Gaussianity, fe4"', based on
the shape correlator introduced by Ref. [48] and showed
that the overlap is at about 99.99% level, which justifies the
use of this estimator to measure the amplitude of the
bispectrum even in the presence of the Galileon-like
term. We obtained the general expression for the amplitude
of the bispectrum in Eq. (44).

For the concrete examples, we have considered two
models: one is the DBI Galileons described by the action
(5). The other is the G-inflation model proposed by
Ref. [42]. For the DBI Galileons, in the small sound speed

limit, £5"" is given by Eq. (49) and written in terms of the
sound speed ¢, and by, that is related to the amplitude of the
Galileon-like term. Since it scales as fed o 1/¢2, large
primordial non-Gaussianities can be obtained when c; is
much smaller than 1, similar to the usual DBI inflation. It is
worth mentioning that for a given c, the b dependence of
Fol s weak and we obtained —0.32/c2 < ol <

—0.16/c2. For G inflation where an exact de Sltter solution

is obtained without any potential terms, we found £3"! and

the tensor to scalar ratio was related as fsi"' = 4.62r_2/ 3.
Although a small deviation from the de Sitter solution
could give a correction to the tensor to scalar ratio, this

103518-7
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relation gives a stringent constraint on the model by a
detection or nondetection of the equilateral-type non-
Gaussianity and the tensor to scalar ratio.

In this paper, we considered the cubic order interaction
in the Galileon theory and its relativistic generalization. As
is shown in [25], it is possible to add two more higher order
interactions which again arise from the probe brane action
in a five-dimensional spacetime with the Gauss-Bonnet
term. It is also possible to generalize these terms in the
same way as generalizing Eq. (5) to Eq. (6). It would be
interesting to study phenomenology of this generalization.
The single field model arises from a probe brane action in
the five-dimensional spacetime. If the DBI Galileons have
some connections to string theory, the DBI Galileons

PHYSICAL REVIEW D 82, 103518 (2010)

should be naturally a multifield model as in the DBI
inflation where the position of the brane in each compact
direction is described by a scalar field. The multifield
Galileon model has been extensively studied recently
[55-60] and the relativistic extension of the model has
been proposed [55]. We leave the study of multifield DBI
Galileons, the relativistic generalization of the multifield
Galileon, for a forthcoming paper.
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