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Randall SundrumI Setup 

AdS/CFT phenomenological correspondence 
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AdS/CFT phenomenological correspondence

AdS5 CFT4

ɤ ɤ ɤ ᴼπȟbare tuning

ɤ ɤ ὃÆᴼπquartic tuning        

Goldberger Wise mechanism        explicit conformal invariant breaking

Small back-reaction in GW Scalar                                 partial solution to quartic tuning

Þ

Small  mistunes in Brane tension 

Some RS models plagued by eternal inflation 1 

1 Creminelli et. al (2001)
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Å Bulk scalar potential  with òsoftó dependence on הᵼSpontaneous breaking of 
scale invariance (SBSI) 2
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Soft wall geometric 
model of SBSI 

Soft wall generic 
when IR brane
tension >0 

IR brane plays 
subdominant role:
just cuts off growth 
of scalar field and 
curvature

Soft-wall Model
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2 Bellazzini et. al (2013 )
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CC small

Zero temperature  

Weak scalar field dependence

Soft wall realisation of small condensate contribution
to CC in models with non -linearly realised SBSI 

Different from GW mechanism 

Using  holography to compute the effective dilaton (f) potential 

Vdilaton

Light dilaton
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Geometry includes a black hole horizon at 
a finite point, yh in extra dimension, y. 

Hawking radiation from this BH allows 
BH to reach in equilibrium with the 
thermal bath.

Partition function associated with these 
Classical solutions 

Þ

Free energy of system 

Free energy, V =  VUV +  Vhorizon

=   U     ð T  S 

IR brane has been replaced with a BH horizon at yh

Finite temperature 
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Finite Temperature 
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No backreaction

With back-reaction 
included Phase transition 
would occur at higher 
temperatures 
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ὠ ḐὝ

f

Black hole solution 

Warped solution dominated by the scalar field 

Dominates the bubble action 

Phase transitions

At T=T c , first order phase transition occurs 

At  T<T c system is in warped scalar field dependent phase 
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Expands until false vacuum 
bubble disappears . 

In 5D, spherical brane patches
form on the horizon

System at T = Tc

In 4D , True vacuum bubble forms 

They expand and coalesce to 
form a complete 3-brane 

Bubble nucleation 
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Å For a successful phase transition: 

Å Bubble nucleation rate >  Rate at which the universe expands 

Å Ý Bubble action, SE > 140 

Å Exact calculation for SE are not possible  

Å Approximate methods are used 

Å Ўὠ ÈÅÉÇÈÔÏÆÔÈÅÂÁÒÒÉÅÒÝ thickness of bubble wall  ~ size of the bubble, R

(Thick- wall Approximation ) 3

Å CÏÓÍÏÌÏÇÉÃÁÌÃÏÎÓÔÒÁÉÎÔÁÓÁÕÐÐÅÒÂÏÕÎÄÏÎ.

Bubble nucleation 

3 Randall, Servant (2007)
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ÅWe have explored òsoft-wallórealization of the Randall
Sundrum geometry

Å SBSImanifests as continuous geometry (soft wall SBSI) with IR
brane playing lesserrole of a cutoff

Å As the universe cools, a first order phase transition between two
phases,AdS-Slike (high T) to warped geometry (low T) occurs

Å Back reaction is a crucial element in assisting phase transition at
high T

Å Punchline: no eternal inflation ᵼcosmology is safe 
(bubble nucleation rates faster than RS )

Summary
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TH     NK   YOU!  
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Cosmological Constant Problem
Cosmological Constant (CC)
Å Conventionally denoted by  ǫand  Dimensionful Ƃ units of length -2

Å Parameter describing the energy density  of vaccum - perspective from particle 
physics 

ÅWhen we start considering  scales of various contributions  to vacuum energy we 
find that 

òTheoretical expectations for the cosmological constant exceed observational limits 
by some 120 orders of magnitude .ó ðWeinberg (Rev. Mod. Phys. 61, 1 )

Å Miraculously !!
Vacuum zero point energy+ fluctuations

+ 
QCD gluon and quark condensates                                                = net CC 

+ ~ ╖▄╥ (obs)
Higgs field 

+
GUTs? String theory? All unknown contribution!!

Å No known special symmetry  enforcing this vanishing vacuum energy  & being 
consistent with the laws of nature  - Cosmological constant problem


