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●     Some motivations   
    
●    Inflation from MSSM - model 

                    sketch of construction, infl. Potential, properties etc.  
 ●   Details of inflation –  

                spectral properties, reheating  
 ●   Summary 
                     outlook  
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Summary of the Results 

Within the MSSM: 
 
   Inflation is built.  Inflaton -- combination of the 

Higgs, slepton and squark states. 
    
    Fields along flat D-term trajectory & inflation is 

driven by the electron Yukawa superpotential. 
  
  MSSM parameter 𝐭𝐭𝐭𝜷 ≅ 𝟏𝟏  is fixed. 
 
Model Gives:            (good agreement with data) 
 
 
 
 

  
 
 
 



 
 
  

Summary of the Results 
 

 
   
 All parameters involved in the inflation & 

reheating are known -> model is very predictive. 
 
 Close connection established between the 
particle  physics model and inflationary cosmology. 
 
 
 
 
 

  
 
 
 



Inflation: remedy for many BBC’s problems 
 

● Horizon problem 
● Flatness problem 

● Monopole, domain wall pr. 
● Cosm. density perturbations  

Inflationary era – exponential expansion 

Modeling inflation: 
           Potential V must have special properties 

2 2
0 [ ] , 0, /vac pot pot Pla a Exp Ht E V H V M= = ≠ =

55 60= −

  Flatness need to be guaranteed. By symmetries? 



e.g. SUSY Inflation:    (Copeland et al, PRD 49, 6410 (1994) 

       SUSY hybrid  inflation:      (Dvali, Shafi, Schaefer PRL 73,1994) 

(superpotential with R-symmetry) 

SUSY can guarantee Flatness & consisteny 

Modeling inflation: 
 

 Self consistent UV completion is important 
 
 Symmetries may play crucial role: 
                                SUSY,   shift symmetries? 



 SUSY setup  
●   Stab. Hierarchy (Light Higgs)  low SUSY scale 
 
●   MSSM → Dark Matter Candidate (LSP) 
 
●  Successful Coupling Unification  good for GUT   

MSSM 
SM 



Aim:    See if MSSM can accommodate Inflation  
                 (compatible with recent data) 
 
  With only MSSM couplings involved in the 

inflation proccess  
 
  Predictions?  

In most cases inflaton is SM singlet ->  
                      unknown mass scale(s), couplings… 
 



The Setup: MSSM 

MSSM States: 

N=1 SUGRA (local SUSY) 

MSSM Superpotential: 

Basis: 



Choice of the Kahler pot. K: 

Let’s Make selection: 

In small fields’ limit   



Field Configuration: Along Flat D-terms 

There are numerous Flat D-term configurations 



Consider:                 -type flat direction 

z-mainly inflaton d.o.f  



Inflaton Potential 

( 𝒄𝒄𝒄𝜽 ≅ 𝟏 ) Only one non − vanishing  
               F − term:  

Canonical field 𝝓: 



                - physical d.o.f & should be stabilized/fixed.   
  

 Indeed, this can be achieved: 
  
 
 
  
  
                     

                      satisfied by adding W' [extra superpotential 
term(s)] 

 
Two cases -  (i) and  (ii):  



(i) – R-parity violation  Neutrino masses via loops 
 

(ii) -  Has no impact for low energy phenomenology.. 



Checked Inflaton Potential’s stability 

All other directions stabilized  consistent construction 



Inflation  (spectral properties) 

-- Good properties 

Amplitude of curvature perturbation - 

(MSSM parameter fixed) 



Reheating  

Inflaton Pot. 
 

SM Sector 
-quarks, leptons, gauge 

bosons 

  

𝑇𝑟 (reheating temp.) 
Via Inflaton decay 

E= 𝑽𝒊𝒊𝒊    →      ~𝑻𝟒 

SM states 𝜑𝒊𝒊𝒊  



Reheating: Inflaton Decay 
Examining all couplings & kinematically allowed channels  

𝑇𝑟 (reheating temp.) Via Inflaton decay 

Dominant 
Mode: 
𝝓 → 𝑔𝑔 



 
Summary & Outlook 

Within the MSSM: 
 
   Inflation is built.  Inflaton -- combination of the 

Higgs, slepton and squark states. 
    
    Fields along flat D-term trajectory & inflation is 

driven by the electron Yukawa superpotential. 
  
  MSSM parameter 𝐭𝐭𝐭𝜷 ≅ 𝟏𝟏  is fixed. 
 
Model Gives:            (good agreement with data) 
 
 
 
 

  
 
 
 



 
 
  

Summary 
 

 
   
 All parameters involved in the inflation & 

reheating are known -> model is very predictive. 
 
 Close connection established between the 
particle  physics model and inflationary cosmology. 
 
 
 
 
 

  
 
 
 



 
 

 Outlook, problems/issues to be addressed: 
 

1. Investigate neutrino masses /oscillations (via R-
parity viol.) 
 
2. Baryogenesis/Leptogenesis – during inflation B & L 
are broken 
 
3. GUT embedding [SU(5), SO(10)] – more predictive? 
 
4. What symmetry may support considered Kahler 
potential? (a’la Kallosh, et al. 2013, 2017 ?) 
 
5. Investigate Other issues /topics [some discussed 
   at this conference] 
   …. 

THANK YOU 
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