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Observational evidence for inflation is very 
compelling, and the possible detection of primordial 

tensor modes can only make things better.	
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Predictions follow from perturbative calculations, 
involving a weakly coupled inflaton which drives a 

phase of accelerated expansion.	





Linearized perturbations 

gauge	



spatial metric	



: Tensor modes	


: Curvature perturbation	



At large scales,              freeze.	



+ gravity	





Evolution of  perturbations 

Inflation	



:const	



Physical scale	



Horizon scale	





UV sensitivity of inflation 

time	


energy scale	



・Cosmological perturbation theory	



・Quantum field theory	



©esa	





UV sensitivity of  inflation 

Scale of inflation may be close to the Planck 	


or string scale. 	



Super Planckian field excursions require 
careful embedding in a UV complete setup. 	



GR coupled to an inflaton is not expected to 	


be a complete theory.	



Eternal inflation leads to measure issues 	


which may be UV sensitive.	





Outline 

1. dS/CFT	



2. Inflation/QFT	



4. ζ correlators from boundary	



3. Boundary QFT	





AdS/CFT correspondence 

Classical SUGRA on AdS5×S5 	



Duality	



 SU(N) super Yang-Mills theory in 4D	



‘tHooft coupling λ	

 λ=(l0/ls)4	

 Curvature scale l0 	



 Strong coupling	



Boundary CFT 	

 Bulk gravity	



 λ ≫1, l0 ≫ ls 	

  Weak coupling	


 Weak coupling	

  Strong coupling	

 λ ≪1, l0 ≪ ls 	


Central charge	

 Planck scale lp 	





Gauge/Gravity correspondence 

+ RG flow	


d-dim gauge theory	

 (d+1)-dim gravity theory	



・ Correlation functions in strongly coupled 
CFT from classical gravity	





AdS and dS 
de Sitter (dS)	

Anti de Sitter (AdS)	



Vacuum with Λ < 0	

 Vacuum with Λ > 0	



z=0	



z=-∞	

 z:const, M3	



η=0	



η=-∞	



η:const, R3	



lAdS        ildS 	


z        iη	


t        -iw	



Boundary	





dS/CFT 
η=0	



η=-∞	



・CFT lives on the spacelike boundary	


at the future infinity of dS.	



・Time evolution in bulk can be described by	


RG flow of the boundary CFT.	



・Wave function for bulk gravity	

 ΨHH[g]=ZCFT	



Probability distribution	

 P[g]= |ZCFT|2	



Renormalization scale µ ∝ Scale factor a 



Central charge in dS/CFT 
In CFT	



Through the correspondence: for linearized gravitons	





Outline 

1. dS/CFT	



2. Inflation/QFT	



4. ζ correlators from boundary	



3. Boundary QFT	





Inflation 

de Sitter space	



(ex)mass	



QFT where 
couplings flow 

CFT on R3	

SO(1,4)	



Breaking conformal symmetry 

Breaking dS sym.	

 Breaking conf. sym.	


      + inflaton φ	

    + φO	





Inflation 	


= dS + modulation	



Standard picture of inflation 
4D bulk	





Inflation 	


= dS + modulation	



QFT 	



Holographic inflation 

CFT+1 deformation	



Ψbulk[φ]  =   ZQFT [g]	



4D bulk	

 3D boundary	



deformation	



Building blocks 	


- φ& g relation?	



- t & µ relation?	

what is time?  

 we assume a local relation  



Conservation of ζ  	


From cosmological perturbation theory  	



Single clock           ∂tζ  = O((k/aH)2) 

・Energy conservation                    	



・Conservation holds at full non-linear order       	





Inflation 	


= dS + modulation	



QFT 	



Holographic inflation 

CFT+1 deformation	



Ψbulk[φ]  =   ZQFT [g]	



4D bulk	

 3D boundary	



- φ& g relation?	



- t & µ relation?	



Conservation	


of Pζ 

a(t) ∝ µp    p : const	



N.B. Subtle issue occurs for bi-spectrum in higher order of SR 	





Outline 

1. dS/CFT	



2. Inflation/QFT	



4. ζ correlators from boundary	



3. Boundary QFT	





Boundary QFT 

SQFT = SCFT + δS	



µ : Renormalization scale	



O : Boundary operator consists of χ 
g : Dimensionless coupling 	



Conformal perturbation theory	



g	

(0 ≦　<< 1)	



(~ Slow-roll expansion)	



- Correlators for CFT	





Beta function & FP 

β function	



Classical scaling	

 Quantum corrections 	



  - Fixed point (FP)  β=0	



For          < 0	

 Two FPs    g=0,   	



For          ≧ 0	

 One FP    g=0,   	



λ=Δ - 3 



Solving RG flow 

for            < 0	



UV FP	

IR FP	


µ 

λ <0 

λ >0 
2 	



p 

g(µ) 
g(p) 1 	



0 	





Reconstruction of potential 
RG equation	

KG equation	



φ	



V(φ)	





Correlators of O 
Expanding by correlators for CFT with cutoff 	



integrating out k>µ, changing µ, using OPE	



Wave fn. renormalization	



 k<µ	

  k<µ0	





Outline  

1. dS/CFT	



2. Inflation/QFT	



4. ζ correlators from boundary	



3. Boundary QFT	





From boundary QFT to bulk gravity	



＊Distribution function	



Correlators 



Correlators and diagrams 
＊2 point function	



＊3 point function	





ζ Correlators 

x1	



x2	


xn	



in cosmology	



x1	


x2	

 xn	



flat space R=0	



in boundary QFT	



at large scales	



Vertex function	





\mu independent correlator for \zeta implies 

where 

So RG flow seems to be related to scale factor time 



Power spectrum 

Remarks	


1.Amplitude	



2. Spectral index	


For  k>> fp         ns-1=2|λ|      
For  k<< fp         ns-1=-2|λ| 

Blue-tilted	


Red-tilted	





Evolution of “inflaton” 

IR ~ Early time	


µ ~a 

λ <0 

λ >0 
2 	



p 

g(µ) 
g(p) 1 	



0 	



~ φ	



UV ~ Late time	



φ	



V(φ)	


N.B. ns - 1=-6ε+2η	





Puzzling  issue  
Conservation of bi-spectrum?	



Conservation seems to require 

with constant   



Puzzling  issue  
Conservation of bi-spectrum	



・Restricted RG, at most 1 FP	



・Restricted bulk evolution	



・RG w/2 FPs, Break of conservation away from FPs	





Multi-field extension 

SdCFT = SCFT + δS	



µ   : Renormalization scale	


Oa   : Boundary operator consists of χ 
ga   : Dimensionless coupling	



g(np)a(µ, x)= ga(µ)+ sa(µ, x) 

Gauge condition      δg1(µ, x)=0 
g(np)1(µ, x)= g1(µ) 

(a=2, ..., N)	





Conclusion 
Holographic description of inflation scenario	



・ primordial spectrum can be computed holographically,	


(the result may apply to strong/weak gravity regimes) 	



・ The conservation of ζ power spectrum determines	


t & µ relation as a(t) ∝ µp. However, there is a puzzle 	


for higher order correlators        	



・ Holographic inflation (w/2 FPs) predicts broken 	


power law spectrum.	





Backup	





P[δg]=|ΨqdS[δg]|2 

From boundary QFT to bulk gravity δg(x)	



Ψ[δg] = e -WQFT[δg]	



＊Distribution function　　P[δg]= e-δW[δg]	



Correlators 



Equivalence of 2 ways to describe D-branes	



Low energy effective action of	



Open string	

 Closed string	



Gravity	

Gauge theory	



open strings on N D2 branes	


Closed string in blackbrane	


background of N D3 branes	



gauge theory in 4D	

 10D SUGRA in curved sp.	


Correspondence	



AdS/CFT 



string theory in curved specetime → SUGRA	



D3-brane	



RR charge	



Near horizon limit	



AdS5: SO(4, 2)	

 S5: SO(6)	


For             , stringy corrections are negligible.	



Closed string side 



+ gauge theory on N D3 branes	


10D SUGRA in flat spacetime	



...U(1) is decoupled	

 SU(N) super YM theory in 4D	



In low energy limit	

 : fixed	



CFT with	


gauge fields	


scalar fields	


gaugino	



- CFT in 4D    Conformal group SO(4,2)	


- Rotation of 6 adjoint scalars    SO(6)	



Open string side 

Near horizon limit	





1) Quantum gravity corrections can be ignored 	



(= Massive modes of string excitation can be ignored )	


2) Stringy corrections can be ignored	



Keeping ‘tHooft coupling λ = g2YM N = 4πgsN  :const.	



Maldacena’s limit 

Non-trivial duality	





・dS/dS	



dSp with radius R can be foliated by dSp-1	



near horizon                    isomorphic to AdSp-1	



CFT on timelike boundary	



・FRW from uplifted CFT	


uplift AdS/CFT solutions by magnetic flavor branes	



Holography for dS 



Progresses so far 
From bulk gravity to boundary QFT 	



・Power spectrum	



・Beta fn. & Consistency relation	



From boundary QFT to bulk gravity	



・Bi-spectrum	



???	



Weak gravity 	





CFT on Rd 

SO(d,2) symmetry	

 #=(d+1)(d+2)/2	


・Poincare T.	



・Translations	


・Rotations	



・Dilatation	



・Special C.T.	



#=d(d-1)/2	



#=d 
#=1 

#=d 

Correlators fixed by the symmetry	



for	




