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DBI inflation Silverstein, Tong (2004)
Inflation is driven by a mobile D3-brane
with relativistic speed 1
- Action \/ 1 —¢?/T()

S =[d'5\=g|[-T(@)|1+°0,4/T(@) +TW|-V (9) |

DBI part
1/2 1/2
\/_\( dp =Ty *dp, T(¢) = Ty'*h*
6D Calabi-Yau
D3 : -
Large equilateral non-Gaussianity

P : radial position of the brane
/ Inflaton |
equil 2 —2
anti-D3 NL X7 XE

Warped
throat



"
Galileon Nicolis, Rattazzi, Trincherini (2008)
Deffayet, Esposito-Farese, Vikman (2009)

Self-accelerating universe without a ghost instability
from the terms consistent with Galileon symmetry

Opm — Oy + ¢, 2 Shift symmetry in gradient space

- Galileon invariant terms
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== E.O.Ms are kept to be second order



DBI Galileon de Rham, Tolley (2010)

DBI and Galileon are profoundly related through
the higher dimensional picture with a brane

 Probe brane in 5D Minkowski bulk

/ Induced metric of the brane

> Guv = Npv T+ a,uﬂ-auﬂ-
Y Extrinsic curvature of the brane

»
»

B, — — 0Oy
% is localised _ 1

v =
oty = m(ah) Lorentz factor NECOE

Requiring E.O.Ms are kept to be second order
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DBI Galileon (cont.)

- Effective action

: M? M4
ﬁz\/—_Q(—_)\—MégKJFTR—ﬁ KGB)

Y%
l l taking non-relativistic limit v — 1
A1+ (0m)2 M3
\/ ( ) i —i(f)ﬂ)z + M (om)? Ln
DBI action g 2 2
I Galileon (L2 and L3)

Similarly, we can show
ﬁR —= £4

Lap — L5 inthe non-relativistic limit

e~4m/t (—)\\/1 + e27/(0m)? + )\)

If we start with AdS bulk

Natural unification of the DBI and Galileon !!
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Model Kobayashi, Yamaguchi, Yokoyama (2010)
- Action see also Deffayet et al (2010)
8 = %dela?\/—g[f\aIg;R +2P(0, X) — 2G(¢, X)Uo)
C - Minimally coupled to gravity X = —(1/2)(96)?

- Including the DBI Galileons up to L3

g(0) X

L Cf. P(o,X) = —1(6) ' V1=2X[(0) + f(8)" + V(0), G(6,X)= T oX7(0)

This extension Is done in a similar way as

DBI inflation » K inflation

—[(@) VT =2XT(0) + f(9) 7+ V(9) P(, X)

Furthermore, we assume " slow-varying”
e= |H|/H* <1 , |¢/(HP)| <1, |Ge0/(GH)|<1



"
Predictions from linear perturbations

. power Spectrum YamaglJChl'San’S talk
PC — 1 H with E P,X—FQijxx—i-GHq;(G,X +XG'!XX)
2ATE e B
ST ﬂlpz € 5 = = B

cf. k-inflation [(PX + 4C5HGqX) = (Px + 3C5Hqu) —+ (GﬁHGXﬂ

X
M2 H?

- scalar spectral index

€ &,
pup—_ S
eH %

ng—1=—-2¢e—n—3:s with 7=
C} €, 1, S very small for almost scale invariant power spectrum

- tensor to scalar ratio

r = 16¢,é  consistency relation r = —8c,nr IS broken!!
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Bispectrum

- 3 rd order action o(t. ) = ¢o(t) + Q(t.2) (flat gauge)

33 g Og o o C5
S = /dfdgia [ClQS o —ZQQU?QU?Q 7()3
) (il

2 o . .
Cy = §X2R\;\-x + XPxx +2H0X?G xxx +5HOXG xx + HoG x |

Cz=— (XPxx +3HOXGxx + HoGx), C3=3HoGx, Ci=2HYGx+2HIXG xx

@ In-in formalism

* bispectrum
H® 1
k1)Q(k2)Q(k 0 : - — ”
(Q(k1)Q(k2)Q(ka)) = (2m)°5 <k1+k2+k3)(P,x+4®HG?‘Y)3®HE%:1;*’?A'
shape function

( momentum dep.)
04) A+ ./49 + /43

2 s
T

appear in k-inflation (known to be almost equilateral)

Ao = 3(ci-
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Momentum dependence of Bispectrum

- shape functions
A1/ (k1koks) Ao [ (kykoks)

k2/k1

For all shapes, signal is maximum at k1 ~ k2 ~k3 ——  Equilateral type

- Correlation with equilateral shape
Az : better than 99.9% cf. A1:93.6% .A2:995%

EE) we can measure NG by an equilateral-type template!!
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Observational constraint

* non-linear parameter for equilateral type NG

equzl f(l 5f(2) . 6_5f(3)
- 24‘3 81 81
with ¢ = —3(Cie; —Cy) £ - ¢z I Cs
(Px +4¢0HG x) 2(Px +49HG x) (Px +4¢HG x)c2

% . ) .
O = §X2P__\—_\—_\— + XPxx +2H¢X?G xxx +5HOXGC xx + HoG x ,

. . | . . .
Cy=— (XP__\—_\— - PRI gl HoG,X) . CGa=HYGx., Cy=2HPGx+2HXGC xx

- Notice that feq‘“l 0 may not mean pure Gaussian.
It may give orthogonal type non-Gaussianity.
- WMAPY constraint

ortho
—214 < fSI < 266 A= fo © < (6
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Summary of single field model

- DBI Galileon
g(0)X

P(6, X) = —f(¢)"'V1-2XF(8) + f(#) 7 + V(). G(¢. X) =115 )
Assuming that the inflation is driven by the potential term V as in DBI inflation

non-linear parameter for equilateral type NG

cquil 5 (21 + 546bp + 3776b2%, + 6048b3)) GHO
NL 7 394¢2 (1+4bp)(1+12bp)2 with 0 = VI =27 X"
> —0.16/¢? for bp > 1 and —0.32/¢? for bp — 0
; 1 —n,)? _
cquit —20( > 0 « almost indep. of b
r

- Related works for single field model
Yamaguchi NG from P(X,¢) — G(X,¢)0¢ up to sub-leading order
De Felice NG from (further) generalized model

Naruko Conservation of NL curvature perturbation
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DBI Galileon with higher co-dimensions

 Induced metric
Quv = Guv T+ f(gbI)GUc’?M(bIamJ P A PP

1l

If we require the action to be scalar with respect to I, only tension and scalar
curvature can be allowed!!

M2 M
L= \/_( - WK + —R-§ [3JCGB>

- Action

= [ e[ v=a (g + o) + v (S + g - v

Multi-field DBI inflation is recovered in the limit /2 —s 0
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Derivation of the effective action
We need to rewrite every quantity with {2 in terms of the one with G, 1!
The multi-field DBI action requires the introduction of the mixed kinetic terms:
1
XIJ — _5 qu[a,u,qu
* Determinant

V=4=v=gVD
with D =1—2fX7 +42xV X7 83 xV XTI XE 16X X XK XxH

- [nverse metric
"= Ag" — AyVre'V" g’

: 1
with 4= L (1= 2fx] + apx X - 8P x0 X)X 1)
Apy = % ((1 —2f X4+ 42 XEXS)Grs + 2f (1 — 2f XE) Xps + 4f2XH<X.}K)
mm) Effective action with respectto ¢ n
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Second-order action
"« Work at leading order in a slow-varying approximation F75% <1

- Adopting a flat gauge ¢! = ¢} + Q!

- Using adiabatic and entropy decomposition

) s
1 . . . ,: 2 ‘. 0 4 ) 2 ‘.
Se) = = / dt d*z a* Q—f (1—6a(3—2cp)) — it 2) (1 —2a(5 — 2cp))
2 Ch Cpa”

L—6a (4 _ o (0Qse)
CD (Qi‘ ~ D a’
fH?M?

c% a CDE\/l—fO'Q? ('TE\/G[,]Q%QB'({
= [ No ghosts for « <
- different sound speeds  cf. Arroja, SM, Koyama, 2008

with o =

9 — 6¢3,



Third-order action

Si) = /dtd‘ra 2{9 [(1 — 6 (5—2ch — 43 + 1)) Q2
—c4 (1 -2a (9 —2¢5 — 3)%)) Q, (OQ_")

3. Y se 0 & >
+cpQo Qe + DQJ( Q, ’_ pl —dgy—T 22 ¢ OQ O..
“sach (55 1) & Q0 (il) (50.. ang]

¢ Ha? )2 a2  Ha?

. 5.en 1—63—2,2
with )= Cs,en \/ o p)

Cs,ad I — 2(1(5 — QCQD)

C = AUQCT* _|_ ASEQSQ* ’ AU
transfer from
entropy perturbation

- Bispectrum of curvature perturbation
(C(k1)¢(ka)((ks)) =

|
P oSl
SRR
N—
*

v

A§<QU(kI)QU (kQ)QU (k3)> g5 Aa«‘@e <Q0(k1)Qse(k2)Qse(k3)> -+ PErHL
(almost) equilateral

new shape
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Multi-field non-Gaussianity (new-effect)
* Bispectrum shape generated by ()2 52%(),

A= 2

k2/k1 Cs,ad

k3/kl
“"Equilateral” “local”

For smaller )\ , location of the maximum changes from Equilateral to local !!

Detailed analysis of the isocurvature-induced shape is under way.
two-parameters ( «, cp ) family of shape



Conclusions

e Cosmological perturbations and Primordial non-Gaussianity
from models with Galileon-like terms
- DBI Galileon
Obtained by a motion of a probe brane with induced gravity and
recovers DBI and Galileon as special limits

e Single field model

§=3 f d*z/=g[M3 R +2P(¢, X) — 2G(¢, X)Og)]

m=)  template for the equilateral NG, /i1, works well
(other information is necessary to distinguish with other equilateral type models)

e Multi-field model
5= [t |v=i (g + MPRi) v (R g V)|

C} new shapes interpolating between equilateral shape and local shape
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Background

- Friedmann eq.
3M2H? = 2PxX — P+ 6G xHpX — 2G5X

- Field eq.

B

P\W BHG)) o 2P < (D—l—m = P@ = 2_(3,'4 (f) = ELTL;)) — Z(_r'?‘\'(;f;X(CB - 3H@>

+6G x [(B#X) + 3H2X] - 2G 4, £ 6

new terms

_~ vanish at slow-varying

We are interested in inflationary background

B assuming lel <1, |6/(Hd)| <1, |Gs0/(GH) <1

slow-varying parameter | ,— H _ XPx +3GxHoX
H? M2 H?

pl
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Shape correlation (adiabatic-induced bispectrum)

 vs Equilateral shape  vs Orthogonal shape

C> For the parameter region without correlation with the equilateral shape,
correlation with the orthogonal shape becomes high!!



Modifed Friedmann equations




Inflation in the relativistic regime !

A critical dimensionless quantity that sets

H*M?
the strength of the induced gravity effects: o = / 5

Cp

Conditions for achieving
a phase of quasi de-Sitter acceleration €< 1
in the ‘relativistic regime’
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