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Two reviews: 

 
1) String Inflation after Planck: Burgess, MC, Quevedo, arXiv:1306.3512 [hep-th] 
 

2) Particle physics models: Maharana, Palti, arXiv:1212.0555 [hep-th] 
                     

Based on papers written with: Allahverdi, Burgess, Conlon, Downes, B. Dutta, K. Dutta, 
Goodsell, Klevers, Krippendorf, Maharana, Mayrhofer, Ringwald, Pedro, Quevedo, 
Sinha, Tasinato, Valandro, Zavala, Westphal 

 
 

 



          First news! 

Venue: ICTP, Trieste 

 

Date: July 7-11 

 

Website: stringpheno2014.ictp.it 

 

Organisers: Aparicio, Acharya, Cicoli, Quevedo, Valandro 

 

 

 



          Contents 

•    String inflation, tensor modes and non-gaussianities 

 

•   Pre-inflationary string cosmology and power loss at large scales 

 

•   Post-inflationary string cosmology 

 

     i)   Dark radiation  

     ii)  Cosmic axion background 

     iii) Non-thermal dark matter 

     iv) 3.5 keV line 

 

•   Particular case: sequestered LVS models 

 

 

Focus on phenomenology more than maths!           

 
         Interesting indirect predictions from generic features of string compactifications! 

 
 

 



Understanding acceleration 

Era of precision cosmology (COBE, WMAP, Planck) 

                  

Emerging picture: striking simplicity 

    i) Gaussian scalar fluctuations  
    ii) Spectral index close to scale-invariant: ns  0.96 

    iii) No evidence for tensor fluctuations: r << 1 

                 Early epoch of accelerated expansion driven by a scalar field 

 

 

                                

Slow-roll inflation: 

 

 

 

  
 

 

 

 

12.01604.0621

10)(

360
2

11

11
2

2

2

5

3

2/3

inf12

22

inf

2

22




















 



















S

T
s

PP

S

n

SS

P

P

e

P
P

A

A
rn

VM

V

M

H
AkAkP

MHVd
M

N

V

V
M

V

VM

s

in

end



Why string inflation? 
Inflation is UV-sensitive!           complete theory of quantum gravity as string theory 

 

• Abnormally flat potentials  --  -problem 

i) Inflation requires very light scalar fields  

ii)Hierarchy problem for Higgs: why mH << MP? Similarly for the inflaton: why minf << Hinf?  
Need to control quantum gravity interactions             string theory 

Slow-roll parameters are sensitive to dim 6 Planck suppressed operators:  

 

 

 
•Trans-Planckian field motion  

Observable gravitational waves require trans-Planckian distances  

 

Lyth bound:                                                                             see GUT-scale physics! 
 

How can you trust the low-energy expansion?              string theory 

 
 

• Initial conditions 

Successful inflation depends crucially on initial positions and velocities 
Understanding pushed back to earlier epochs with higher energies            string theory 
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  Scalars from strings 
String theory             extra dimensions             4D scalars (gauge singlets) 

Many ingredients: topology, branes, fluxes  

Potential landscape: V(fi), fi moduli from 10D metric,brane positions, form fields (axions) 

fluxes 
4D universe 

volumes of submanifolds 

wrapped branes 

branes at singularites 



 String inflationary scenarios 
Two classes of models:  

• Open string inflation – inflaton is a brane position modulus 
i) No symmetry solving the -problem (except for large cx str limit)           fine-tuning 

ii)Upper bounds on field range from size of EDs           no detectable tensor modes 

 

 

 

 
 

 

 

 

 
 

 

• Closed string inflation 
i) Approximate symmetries solving the -problem  

ii) Models with detectable tensor modes 

            Inflaton:                       

            i) volume of an internal submanifold 

            ii) axion 
 

 



  Closed string inflation: axions 
• Approximate symmetries solving the -problem          suppress higher dim. operators     

     i) Shift-symmetry for axions 

     ii) No-scale structure for volume moduli           accidental shift symmetry 

• Inflation using axions: 

1) N-flation   
 

    i) One axion: flat potential for fa > MP  

    ii) N>>1 axions: inflation for each fa < MP  

    iii) Typical potential: 

 
 

    iv) Effectively large field inflation            r  0.001       BUT control issues! 

 

2) Axion monodromy 

 
    i) Monodromy induced by wrapped branes “unwraps” compact axion direction 

    ii) Typical potential: 

 

 

    iii) Large field inflation           0.04 < r < 0.07               BUT control issues! 
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Closed string inflation: volume moduli 
• Inflation using volume moduli: 

   i) No-scale structure broken by perturbative effects only by lifting one direction c  

              naturally flat potential for fields  orthogonal to c! 

   ii) Suppressed higher dim. operators due to approximate shift symmetry for  

   iii) Typical potential: 
  

  

  

   iv) k depends on the details of the model: topology of  and effects to generate V 

   v) Implications of V: 
 

 

 

   vi) Typical prediction: 

   vii) Three models: 
 
         1) Kahler moduli inflation: k  V1/2 >> 1          r  10-10 

 

         2) Fibre inflation:               k  O(1)                  0.005 < r < 0.007 

 
         3) Poly-instanton inflation: k  lnV >1              r  10-5 
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  (ns,r)-plane 

2008 2013 

• Almost unanimous prediction of small r 

 

• Well agreement with observations 

 

• Is there a reason for this agreement? 



  Prospects for measuring r 
• Observations more sensitive to r in near future: what might be found?  

• Two theoretical points of view:  

 
1) Flat prior:  and  similar in size:     

 
 

                                 tensor modes should soon be observed! 

 

2) Flat log prior: size of tensor perturbations set by inflationary energy scale  

 
 

 

i) Minf could be anywhere between 100 GeV and 1015 GeV  

ii) No intrinsic reason to prefer any scale  

                                  no preference for observable or unobservable r 
Stringy point of view: Trans-Planckian fields to obtain large r 

i) Consistent EFT?  Answer in string theory  

ii) Difficulty to find large r  --  no-go theorems  

iii) Majority of known string models do not predict large r 

                                   expect r to be too small to be visible 
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  Non-Gaussianities 
Two main mechanisms for non-Gaussianity in string inflation: 

 

1) Non-canonical kinetic terms (DBI inflation)   

 

    i) Large NG due to departure from slow-roll 
    ii) Tension with the data due to prediction of large equilateral and orthogonal NG 

 

2) Multi-field dynamics 

 

    i) Large NG due to large self-interaction of fields which generate NG 
    ii) A generic compactification has many moduli 

                        some of them heavier and some lighter than Hinf 

    iii) During inflation light fields get large quantum fluctuations  

    iv) Non-standard generation of density perturbations + large local NG 

    v) Examples: curvaton or modulated reheating 
 

BUT in most cases multi-field models do NOT generate isocurvature perturbations  

due to an effective single-field dynamics -- motion is along a trough! 

           partial explanation of why inflationary models describe the data so well  

           observational evidence for single-field models is not against multi-field models 
 



positive exponential 

becomes important 
do not trust EFT 

 Strings and power loss at large scales 
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• Qualitative behaviour of closed string inflation with volume moduli 
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In Fibre Inflation: 

Fit Planck high-precision 
data at  >50, 

predict power at  <50: 

TOO LOW power  
at low-! 
10% deficit at 2.5 s 

Power loss at low-! 
[MC, Dutta, Downes, Pedro, Westphal] 

see  Pedro’s talk 

 

 



   Post-inflationary string cosmology 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



Non-standard cosmology from strings 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



  Thermal vs Non-thermal cosmology 

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



      Challenges for moduli decays 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT
see Hebecker’s talk 

 

 



         Dark radiation production 

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT

Free streaming 



softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT

     Cosmological evolution of dark radiation 

No CMP requires m>104-5 GeV! 

 



            Cosmic Axion Background 

GeV 1MeV 10  rhT

Observed soft X-ray excess  

in galaxy clusters via  
axion-photon conversion! 
 

 
 

Need ma ≤ 10-12 eV 
gagg  (1012)-1 




gg FaFga

~
L

[Conlon, Marsh] 



         LARGE Volume Scenario 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



            Sequestered LVS models 

GeV 1MeV 10  rhT

+ D3-tadpole 

+ explicit fixing of dilaton and  

cx str moduli using GP method 



   Global embedding of D-branes at singularities 

GeV 1MeV 10  rhT

closed string axions 



                        Pictorial View 

GeV 1MeV 10  rhT

dPn 

dPn 

dPn 

D7-branes 

D7-branes 



       Simplest sequestered LVS model 

GeV 1MeV 10  rhT



                 Mass spectrum 

GeV 1MeV 10  rhT



                    Reheating 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



         Predictions for dark radiation 
•  

[MC, Conlon, Quevedo; Higaki, Takahashi] 



             Axions from strings 
• Low-energy spectrum contains many closed string axions of order h1,1O(100) for a 

generic CY             expect many axions  

    i) closed string axions (KK zero modes of antisymmetric forms) 

    ii) open string axions (phase q of a matter field f = |f| eiq) 

• BUT: 
    i) axions can be removed from the spectrum by orientifold projection 

    ii) axions can be eaten up by anomalous U(1)s 

        a) open string axions eaten up on cycles in the geometric regime 

        b) closed string axions eaten up for branes at singularities 

    iii) axions can become too heavy if they are fixed supersymmetrically  
        (saxion has to get a mass larger than O(50) TeV!) 

• Moduli stabilisation 

    i) axions are light if saxions are fixed perturbatively because of shift symmetry 

    ii) axions are heavy if saxions are fixed non-perturbatively  

 
NB Non-perturbative stabilisation hard because of tuning, deformation zero-modes, 

chirality and non-vanishing gauge fluxes (Freed-Witten anomaly cancellation) 

 

        GENERIC PREDICTION: dark radiation production is UNAVOIDABLE in models 

witwith perturbative moduli stabilisation!!! 
   

     

[Allahverdi, MC, Dutta,Sinha] 



      Axions in sequestered models 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



         Non-thermal dark matter 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



         Non-thermal DM scenarios 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod
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GeV 1MeV 10  rhT



            Annihilation scenario 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod
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               Branching scenario 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT



               DM-DR correlation 
• Fermi bounds from dwarf spheroidal galaxies constrain Trh as a function of mDM  

eff

rh
N

T



1

)1(Ok

Thermal DM ruled out in LVS since it requires Z>>1  

             large -term               Heavy higgsinos   
             LSP is Bino                thermal overproduction! 

Generic prediction: 

Non-thermal Higgsino-like DM! 

[Allahverdi, MC, Dutta,Sinha] 



 Lower bound on DM mass from DR 
• Lower bound on DM mass as a function of Neff 

)1(Ok

GeV 106 6fm

GeV 105 6fm

GeV 104 6fm



                    3.55 keV line 
• Unidentified 3.55 keV line from galaxy clusters and from Andromeda recently 

found!  Statistical significance  4 s [Bulbul at al, Boyarsky et al] 

 
Alternative explanation: 

1) DM decay into axions 

          Narrower CAB spectrum 

          Good for a line 

2) Axion-photon conversion in B 

 

Advantages: 

1) Need just 1 ALP to explain soft 

X-ray excess and 3.5 keV line! 

2) Get a prediction: 

Each galaxy cluster emits a line at 

3.5 keV but with different 

strength due to different B and 

electron density 

i) Perseus anomaly: its line is too 

bright! 

Hard to explain it with decaying DM! 

 

ii) 

[MC,Conlon,Marsh,Rummel, in progress] 

 2
)( ggg aBLgaP 

see Payez’s talk 

 

 

[Higaki, Jeong, Takahashi;  

Jaeckel,Redondo, Ringwald] 



                     Conclusions 
•  

softMmm  2/3mod

GeV 10GeV 10 6

mod

4  m

GeV 1MeV 10  rhT

Power loss at large scales! 

No observable tensor modes 

CAB and  

soft X-ray excess! 

3.5 keV line from decaying axion DM or CAB! 

Explicit semi-realistic compact models  

with full moduli stabilisation and dS vacua! 


