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General setup and assumptions

1) Stabilized compact spatial extra dimensions

Hidden brane Our brane

R : stabilized » (55) Einstein eq. decoupled

e.g. by a bulk scalar (Csaki, Graesser, Randall, Terning '99)
(Goldberg, Wise '99)

2) Weak scale hierarchy problem addressed Our brane = IR brane

_ IR brane UV brane
3) Inflationary 4D spacetime

. constant energy density (cosmological constant) dominated
) ds® = f(z)? (dt? — 5 Axidnd) — dZ?

Metric Ansatz



Tensor mode in braneworld inflation

Mg = Mg /5 ds f()? with ds® = f(2)% (dt* — e §;; dx'dx?) — dz°

- The warping f(z) depends on H : Tensor mode changes compared to the 4D universe.
- Independent of a specific 5D source driving 4D inflation (e.g. bulk field, brane localized inflaton)

- Scalar (density) perturbation

does depend on a specific source driving inflation.
IRB (InfraRed Brane) assumption : inflaton field lives in our visible brane.  Giudice, Kolb, Lesgourgues, Riotto ‘02

1 1/ H(k) \°
» Ps(k) = S-2 ( (%) ) + O(€) with H? = 3Mg o : inflaton energy density

Pl,exp
: U » T_PT(KJ)  Mpyexp? y Pr(k)
ensor-to-Sscalar ratio = ~~
Ps(k) Mpieg?  Ps(k) |4p

- Beyond the IRB assumption, we cannot make a general statement on tensor-to-scalar ratio.
- Still, we can predict the altered behavior of the tensor mode by the effective Planck mass.



Large Extra Dimension

|dentical

Put a positive local energy density p > O at the brane. /\
- MOl e
Einstein eq. »
- f(z)
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A positive local energy density makes the graviton profile “denser” at the brane.
= |less spreading of graviton to the extra dimension

= gravity becomes stronger during inflation (tensor mode enhanced)
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Randall-Sundrum model

IRB assumption : Inflaton lives in the IR brane (z=0).

I negative IR brane tension (Ao < 0) + Inflaton energy density (p > 0)

[Ao + 1< [Ao|
» “‘weaker kink” at z=0
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bulk Ap = -6 k2 Ms3

The smaller effective IR brane tension leads to weaker warping along the extra dimension.

| less spreading of graviton to the extra dimension

| gravity becomes stronger during inflation (tensor mode enhanced)
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Randall-Sundrum : Remote Inflation

The visible (IR) brane inflation can be driven by an inflaton living in the hidden (UV) brane.
| positive UV brane tension (/\; > O) + Inflaton energy density (p > 0)

Vx> g
.I: / I R+ n
f((zz)) — ( ?iMJrSp) » ‘stronger kink” at UV brane (z=nR)
| R— 5
H2
f2(z) = e + 272 lcosh(2kz) — 1]
" ~
>0

H? B 1
Ml%ljeﬁ = M3, [1+4—]€2(1+Q 2—92_14“}3)] 0 _ R

The bigger effective brane tension leads to stronger warping along the extra dimension.
| more spreading of graviton to the extra dimension
| gravity becomes weaker during inflation (tensor mode suppressed)

- Reheating? e.g. gravitational particle production : K-inflation, See Artymowski’s talk “Dark Inflation”
- The scalar (density) perturbation requires a dedicated study.



Linear Dilaton (LD) model

- Gravity dual of little string theory

[M5 R+ (@MS

/d5x

Antoniadis, Arvanitaki, Dimopoulos, Giveon 12
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Deconstructing 5D scalar “clockwork geometry” M2, = % [(1 4+ % wR) _ 1]
in the LD background Giudice, McCullough ’16
See also Changsub Shin’s talk ~k~TeV | R ~10 nm

- Inflationary (dS4) solution with the IRB assumption

Qualitatively similar to the RS

z=TiR

A on 57 0 due to the dilaton degree of freedom
Po 8 13 3p3., Pr 2 PO
+ — k7 R° X ~ —kmR X
3Mp 2T o3 Bl

IRB assumption inconsistent : hidden brane contribution unavoidable



Linear Dilation model : IRB consistent scheme

- Radius stabilization by dilaton
brane dilaton potential
Vo = Ao+ p+&(S(z) — So)?

V7r — A7T + €7r (S(Z) _ SW)Q

3 Sr — S0
kmR = §[exp< 3 )—1]

+
FE _ —(ho+p) . Simi
_ with  |Ag + p| < |Ag| : similar to RS
At the IR brane, (o) o~ 3M§ \ 0 P’ | 0‘
/() PR | 58 = =
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. dilaton backreaction strengthens the UV brane tension (S, < 0) - metric crossing over

5P

4
M3 g = M3 (1 +3 H*km R + h.o.) tensor mode suppressed

o does not induce any hidden brane additional energy density
. IRB consistent, thus tensor-to-scalar ratio is also to be reduced.

Kehagias and Riotto 16 : similar result, but in a different setup (SM & Inflaton in UV brane)



Conclusions

- Inflationary tensor perturbation is susceptible to extra dimensions.

- Remote inflation in two brane scenarios would offer a variety of
possibilities including different behavior on inflationary tensor
mode.

- LD with external stabilization is incompatible with the IRB
assumption : Inflaton is to be non-local.

- LD with dilaton stabilization is consistent with the IRB assumption.
Tensor mode is predicted to be suppressed compared to the 4D
universe, in contrast to LED and RS.



