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BBNCMB Inflation

Not to scale
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Radiation dominated Radiation dominated
reheating /preheating etc .. 

No observational evidence between  
MeV and  Inflationary scale
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coherent oscillations

matter

⇠ O(MPl)

Cosmological moduli problem (CMP)
Coughlan, Fischler, Kolb, Raby, Ross 
Banks, Kaplan, Nelson 
Carlos, Casas, Quevedo

m' > O(100TeV )
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eV MeV GeV1016 MPl

BBNCMB Inflation
Matter dominated Universe

Non-standard History

Phenomenology: Boby Acharya, Gordy Kane, Piyush Kumar, Kuver Sinha, Bhaskar  
Dutta, Michele Cicoli, Scot Watson, R. Allahverdi …. 

Koushik Dutta (Saha Institute, Kolkata)



arXiv:1404.6704

Koushik Dutta (Saha Institute, Kolkata)

Track your modes: Standard
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Track your modes

matter 
domination

' decays
reheating ends 
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Track your modes
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Track your energy densities
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Track your energy densities
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combine .. 
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combine .. 

initial displacements

Independent condition:
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post inflationary physics inflationary physics

Constraint 
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post inflationary physics inflationary physics

model independent constraint
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Constraint 



surveying models .. 
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r ⇠ 0.01

Nk ⇠ 50, Y ⇠ 1/10
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r ⇠ 0.01

Nk ⇠ 50, Y ⇠ 1/10

m' & 4.5⇥ 108 TeV

Nk ⇡ �

1� ns
ns = 0.9603 � ⇡ 2

PLANCK central value

robust constraint - independent of CMP

PLANCK upper limit: super heavy modulus

PLANCK lower limit: m' & 0.1 TeV
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for linear potential CMP bound stronger

‘large field’ case ..
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ns � 1 = �0.0397± 0.0073PLANCK
EUCLID/PRISM      error ⇠ 10�3

polynomial potential



Conclusion
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• late decaying scalar field generic in BSM physics

• non-thermal matter dominated universe

inflationary constraint

independent of CMP constraint

• for some inflationary models it is very stringent

m' & 107 TeVe.g quadratic potential
- exponential sensitivity
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• relevance to SUSY breaking scales .. 

arXiv: 1409.7037
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Track your modes
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Thank You!


