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Motivation

• interested in studying the physics of a strongly coupled conformal sector 
that is present during the early universe inflationary epoch (connection 
with some interesting BSM scenarios) 

• Spectral features in the early universe carry high-energy fingerprints.  
• The primordial power spectrum, in particular, offers an opportunity to 

probe energy scales that may be forever out of reach of terrestrial 
experiments due to the extremely high energy scales relevant during an 
early universe inflationary epoch 

• We can consider, for example, a CFT operator O with scaling dimension Δ, 
and ask what sort of contribution it gives to the power spectrum as a 
function of its boundary conditions and Δ. 

• We can utilize the AdS/CFT dictionary, and study the quantum fluctuations 
of a 5D scalar field in AdS-dS





• AdS/CFT: 5D gravity ↔ 4D conformal gauge theory. 

• RS1 and RS2 models as duals of large-N CFTs. 

• Conformal symmetry breaking is essential for phenomenology.



• Inflaton localized on UV brane. 

• Bulk scalar coupled to inflaton field. 

• AdS-dS geometry: Hubble scale introduces IR cutoff.







5D inflationary set-up

The metric has a singularity at z → ∞, corresponding to a horizon, and the length of the extra dimension is

The finite size of the observable universe, H−1, acts as an infrared cutoff for the geometry

5D Einstein-Hilbert action on a space with one brane, and a scalar field action on UV brane:

FLRW equation on the UV brane:

5D metric:



Continuum in Inflationary 5D geometry                        

Bulk Scalar eom after field rescaling (φ = φe3/2 A(w)): ~

- Switch to a convenient conformal coordinate:

Bulk scalar eom:

if V   => Continuum with 

Mass Gap! 
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µ2
0 = finite 1D QM  

problemw→∞

w

 => continuum begins at: μ0= (3/2)*H for ξ=0

V(w)→

 “Schrödinger Eqn”.:

V(w)



Correlation functions and the Spectral Density 
(From AdS/CFT)

- For CFT (UV brane at the AdS boundary):                                               

both      solution works for: −4 ≤ m2 ≤ −3

unitarity bound, ∆ ≥ 1

∆±

describes two CFT’s, with each of them associated with a different choice of 
boundary action for the scalar field

- For RS type of model: UV brane is at some high scale (CFT is 
explicitly broken at that scale:

UV-brane boundary condition for the scalar field then can be interpreted as a 
β-function that serves to create an RG flow between UV and IR CFT’s

Scaling dimension of operator flows from ∆− in the UV, to ∆+ in the IR



Correlation functions and the Spectral Density 
(From AdS/CFT)

unitarity bound, ∆ ≥ 1

- For RS type of model: m2 > −3 becomes interesting (less studied)

∆UV = ∆ − scaling is prohibited by unitarity constraints: ∆ ≥ 1

Two possibilities: 1. Conformal invariance is completely broken at high scales where the theory 
would have followed the ∆− < 1 scaling law
2. theory is still conformal, but exhibits a scaling law that differs from the 
prediction

∆UV = ν, rather than ∆UV = ∆− = 2−ν

- Emergence of Particle:
As the theory transitions between the usual IR scaling, ∆IR = ∆+, and ∆UV = ν
there is typically a sharp particle-like feature in the spectral density separating the two 
regions of distinct scalings



Quasiparticles Cosmological Quasiparticles:







By measuring cosmological correlations, we learn both about the evolution
of the universe and its initial conditions

(Basic review)



(Basic review)



(Basic review)



(Basic review)



(Basic review)



φ(t, x) = φ0(t)+ξ(t, x)

UV brane localized 

scalar inflaton







Small Bulk Mass: m2 ≈ 0 L ∋ λO     with [O]~4

nearly marginal, runs slowly. 
Confinement thus occurs through a 
form of dimensional transmutation, 
stabilizing the Planck-Weak hierarchy



Small Bulk Mass: m2 ≈ -4 

ν ≈ 0

L ∋ λO†O    with [O]~2 β = −λ2

δ = 2(ν −λ)

-can lead to an IR localized state that is near to the horizon, producing a “cosmological quasiparticle”



The non-analytic particle-like feature can rise above the continuum contributions, giving the 
“smoking gun” oscillatory features in the shape function for FNL



Thank you!


