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∼ + :  

- :  Cosmic   Variance 

A. Sagnotti –   String Phenomenology  2014 

One  usually ASSUMES  that  the  inflaton “starts out” high up 

String Theory (+ high-scale SUSY breaking)  a way to bring it there 

[with potential lessons for low CMB multipoles] 
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SUSY  Breaking  in  String  Theory       
a)  In bulk: 

  Scherk-Schwarz:  
  [Bose: p=m/R] 
  [Fermi: p=(m+1/2)/R] 

Vacuum redefinitions ! 

b)  With branes: 
  parallel 
  orthogonal (brane SUSY) 
 [ at angles (magnetic)] 

c)  Brane SUSY breaking (B.S.B.): 
  O-plane charges  antibranes 
      [classically STABLE: NO Tachyons] 

a): (Rohm;Ferrara,Kounnas,Porrati,Zwirner) 
b),c): (Angelantonj, Antoniadis, D’Appollonio, Dudas, AS) 
b): (Scrucca, Serone, Trapletti),… 
c): (Sugimoto;Aldazabal,Uranga;Mourad;Pradisi,Riccioni) 
b): (Antoniadis, Taylor) 
[magnetic: Bachas, …., Blumenhagen, Lust et al, …] 

(?) 
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Brane  SUSY  Breaking (BSB) 
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(Sugimoto, 1999) 
(Antoniadis, Dudas, AS, 1999) 
(Aldazabal, Uranga, 1999) 
(Angelantonj, 1999) 

BSB: Tension  unbalance     exponential  potential  

 Flat space :  runaway behavior 

 String-scale breaking : early-Universe Cosmology ? 

Tree – level  BSB   
 

 SUSY broken at string 
     scale in open sector,   
     exact in closed sector 
 
 Stable vacuum (classically) 

 
 Goldstino in open sector 
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One – Scalar  (Exp-)Cosmologies 
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• Consider the action for gravity and a scalar φ : 

• Look for cosmological solutions of the type 

• Convenient gauge choice  (V ≠ 0) 

(Halliwell, 1987) 
……………… 
(Dudas,,Mourad, 2000) 
(Russo, 2004) 
……………….. 

• In expanding phase :  

• Letting :  

• OUR  CASE : 
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Climbing  &  Descending  Scalars 
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•  γ <  1 ?      Both  signs  of  speed   
a. “Climbing” solution (ϕ climbs, then descends): 

b. “Descending” solution (ϕ only descends ): 

Limiting  τ- speed (LM attractor): 

γ  1 :  LM attractor  &  descending  solution  disappear 

•  γ = 1 :       

CLIMBING :  in  ALL asymptotically  exponential potentials  with  γ≥ 1  !  

NOTE : only ϕo .  Early speed  singularity time ! 
(Lucchin and Matarrese, 1985) 
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Climbing  Can  Inject  Inflation 

8 

a.  “Hard” exponential of Brane SUSY Breaking 
b.  “Soft” exponential  (γ < 1/√3): 
 
 
 

 
 

 BSB  “Hard  exponential“    makes  initial climbing  phase  inevitable 

 “Soft  exponential”  (or  other V’ )   drives inflation in subsequent descent 

ϕo : “intensity” of kick ! 

NAIVE : 

Need:  ns ≈ 0.96 

Local  signature  of  “bounce” 
 
E.g. in Starobinsky: 
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With  BSB  in  String  Theory  
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• Two  scalar  combinations (φ  and  σ    Φs  and  Φt).  Focus  on Φt  : 

(Dudas,AS, Kitazawa, 2010) 
(AS, 2013) 
(Fré, A.S., Sorin, 2013)  

1.  For D = 10 : - ϕ is “critical” (γ=1)  Climbing ! 
 - naturally:  weak string coupling 

 - [NON  singular  in “string frame”   (AS, 2014, in progress) ] 

2.  For D < 10 : - 2 scalars (ϕ,σ)  (Φs ,Φ t), with Φ t “critical” 

    [ Climbing  if  Φs  is  stabilized (!) ] 

- Branes with T ~ e - α φ  (if Φs is stabilized) : 

Briefly : 
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(Fré, A.S., Sorin, 2013) 

  System solved by a contour integral. 
 
  Contour determined so that t is REAL : 

Ex:  Integrable  Model  with 
(Climbing)  &  Graceful  Exit 
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 10D Brane SUSY Breaking   CLIMBING 
 
  Climbing:    in asymptotically (over)critical exp. potentials 
    [persists in the presence of 4D SUSY axions] 
    [can stabilize moduli &/or inject inflation] 
 
   10D  B.S.B.      “critical dilaton”     
    - naturally weak string coupling 
    
  D < 10  B.S.B.   - “critical” mix of dilaton & breathing 
    [- 4D: axion  frozen near initial singularity] 
 
 Other branes  (T ~e-αφ)  

 
 Corrections  naturally small in gs, amusingly small in α’ in D=10 
 

So  Far  
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Perturbations 
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MS equation: Schroedinger-like  (INITIAL VALUE, scalar or tensor fluctuations) 
 
 
 
 
 
“MS  Potential” :  determined by the background  
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A  Closer  Look 
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Three  Case  Studies: 
1.  ϕ0 = 0:  “hard kick”; 
2.  ϕ0 = -2:  intermediate case; 
3.  ϕ0 = - 4:  NO  “hard kick” ; 

H 

εϕ 

ηϕ 

Last case:  (Destri, de Vega, Sanchez, 2010) 
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 But playing with the“kick” ϕ0… 
“Best“ fit of WMAP9 raw data : ϕ0=-1.8 
χ2

reduced = 0.74,  p-value = 0.85 
[γ =0.08, better fits with lower γ’s] 
                                             (Kitazawa, AS, 2014) 

Qualitatively  the  low-ℓ  tail 

An  Observable  Window ? 
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WMAP9  Best  Fits  &  Analogies 
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• Cfr. phase transitions: 

 
• Quadrupole dominance 
•  Peak dominance 

• The key quantity is χ2/DOF  
• The results are [ γ = 0.08, γ = 0.04 , γ = 0.02] : 

[Better for lower γ  (CONCAVE  Potentials )] 
• Pre-inflationary peak shows up around l=5 
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Low  CMB  Multipoles 
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- String Theory FRAMEWORK  at  face  value :  
 

• Early Universe picture:  climbing as a mechanism to start inflation 
• “Natural” quadrupole depression close to initial singularity 

  But:  
• Far from standard picture of inflation as a route to  the present Universe 
• However:  with a non-singular start backwards with homogeneous Cosmology 
 

- String Theory LESSON  at  face  value :  
 

• “Scalar bounce”      a new type of  local feature  of  the power spectrum  
• Can one optimize the (local) comparison with low CMB multipoles? 
• YES:  two-exponential systems     can simulate a “locally trapping bounce” 

(AS, 2014, in progress)  
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(+ oscillations) 

A. Sagnotti –   String Phenomenology  2014 

More  in  Detail … 



WKB:  
 - area below WS,T(η) determines the power spectra 
 
 
 

-  Scalar  Power  Spectra:      BELOW  LM attractor curve 
 
-  Tensor  Power  Spectra:      ABOVE 

Tensor   vs  Scalar  Power  Spectra 
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- INDEED:  moving slightly away from the 
attractor curve (here the LM attractor) 
enhances the ratio  between PT  and  PS 
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Summary  &  Outlook 
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•   BRANE  SUSY  BREAKING  (d ≤ 10) : “hard” (critical) exponential potentials 
 

•  Climbing:  γ=1 from D9   Mechanism  to  START  INFLATION 
•  Power Spectra: (wide) IR depression & pre-inflationary peaks  kns-1 
 

 Naturally weak string coupling 
 [Non-singular “string-frame metric” in D=10] 
 [[Early higher-dimensional evolution: reconsider estimates of cosmic variance?]] 

 
•  SCALAR BOUNCE  OBSERVABLE? If we “were seeing” via CMB the onset of inflation 
•  OR:  an option associated to a later transition, even after several e-folds 
         
Pre-inflationary peak:  general signature of an incomplete  transition  to slow roll 
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BISPECTRUM ? 

(Gruppuso, Natoli, Paci, Finelli, Molinari, De Rosa, Mandolesi, 2013) 

Related  Work 
 

   COSMIC  MASK  &  
       QUADRUPOLE  REDUCTION  : 
 More recent work on models with low-l depression: (Destri, De Vega, Sanchez, 2010) 

(Cicoli, Downes, Dutta, 2013) 
(Pedro, Westphal, 2013) 
(Bousso, Harlow, Senatore, 2013) 
(Liu, Guo, Piao, 2013) 
……… 
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