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§1. Scenario
* Randall-Sundrum’s “default” parameters:
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ds®> = dy? +e Wty  dx"dx” (Minkowski brane at y = 0)
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brane tension: o = o,

If |o| > o., then inflation occurs on the brane:
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If |o| = 0. but |Ascrr| < |As],
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Brane-world inflation can be driven solely
by bulk (gravitational) scalar fields.



§2. 5D Einstein-scalar system with a Z, brane

e 5D Einstein equations

Gap + As gap = ’{g Top s ng = 87Gs
% (4 + 1)-decomposition (Gaussian Normal Coordinates)
Jab = ((1) 0 ) : 4D metric
()
ds® = +q,dxtdx” ; - -« 5th dimension

* Energy-momentum tensor
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* Zo-symmetry and RS brane tension
qab(To + Y) = qab(ro — Y),  P(10) =0,
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e 4D “Einstein-scalar” equations on the brane
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apotential with m?2<0

im?|¢p? K Vg



single deS brane




*x 1st order:

- assumption

P(t) = e 3/DHE 4 (r) = Pu_—l/z(COSh("“/ﬁ))

sinh®2(r/€)
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§m2 for |m?|0* <« 1
=
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gm for |m~|€* > 1
\
* This is the (the lowest eigenvalue) solution.

x For |m?| < H?, this gives slow-roll inflation on the brane.

* In general,
¢ = P(t)u(r) + : -+« Kaluza-Klein modes

But the zero-mode dominates at late times if |m?|¢? < 1.



* 2nd order:
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For V = Vy + m?¢?/2, this means
P2
Peft = 9 +U(®); )
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Consistent with the 1st order solution when |m?|£* < 1. (small
discrepancy when |m?|€? > 1; non-negligible KK contributions)



What we need to work on now are:

These include

* Quantifying KK corrections to the brane dynamics.

* Quantum fluctuations and cosmological perturbations.
(¢?) has been calculated (Sago, Himemoto & MS (2002)).
But this is not directly related to observables.

Need to evaluate and

x Initial condition of the brane universe.

Need quantum cosmological considerations.
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§4. Cosmological perturbations (work in progress)

e Evaluation of F,,
- Full background spacetime:

ds* = dr?® + b*(r, t)(—dt* + a*(r, t)dﬂé)) , ¢ =o¢p(r,t).
where we have
b(r,t) = b(r) + O(qbz) , a(r,t) =a(t) + O(¢2) :
b(r) = HLsinh(r/f), a(t) = H 'cosh Ht
- Lowest order background approximated by AdSs:
ds? = dr* + b*(r)(—dt* + az(t)dﬂé))
- F,,, in the bulk satisfies an equation of the form

18y = S L --- d’Alembertian-like operator

S, -+ source term quadratic in ¢
with the boundary condition at the brane:

(‘L(szW) = O, Oy ~ energy momentum of ¢ on the brane
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1. Solve 0¢ in the AdS bulk.
2. Take the perturbation of LFE,, = S,,.:

L 5E“,/ = (SS’L“/ : 5S/J,1/ = ¢(t7 T)5¢(t, r, ',BZ)
3.Solve LOE,,, = 05, by the Green function method:

OE(x) ~ d°x’'G(x, )6 S (x') + d*z’'8,(b*0E(x'))G(x, x)

bulk brane

4. Analyze the late time behavior of dFE,, on the brane.

U

Cosmological perturbation theory on the brane
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Eulidean field equation for ¢ in AdS;s (r/€ — r)

1 o ., O n 1 0
sin” xy—
sinh? r sin® x Ox X('?X sinh* r Or
b.c.: 87“¢(09 X) — ,«qb('rg, X) =0,
Oyp(r,0) =0, Oyo(r,m/2) =0(?)

e Lowest order in m?2#2:

0
sinh* i o(ryx) =0

e Effect of m?¢? # 0:

- Is (Hawking-Moss instanton)
?

- Maybe 0,¢(r, w/2) = 0 should not be imposed.
(cf. 4D mini-superspace quantum cosmology)
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§6. Summary

* Brane-world inflation can be induced by dynamics of a bulk
scalar field.

*x If |m?|£? <« 1, the zero-mode dominates the brane dynamics at
late times.

(m2; = m?/2 holds irrespective of the value of H?/m?)

* If ¢ interacts with matter on the brane, reheating proceeds in
the same way as in 4D models (Yokoyama & Himemoto ’01)

The model is indistinguishable from a 4D theory at O ((m?¢*)?)
= Need to quantify the effect of O(m?¢?, H*¢?).

*x The effect of quantum fluctuations of

* Initial condition for the brane inflation
that matches to an inflating brane.




