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Cross correlation between curvature and isocurvature perturbation

( Polarski, Starobinsky (1994), Pierpaoli, Garcia-Bellido, Borgani(1999), Enqgvist, Kurki-Suonio
(2000),Bucher,Noodley, Turok(2001), Amendola, Gordon, Wands, Sasaki (2002), ...)
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Two independent solutions for the acoustic wave equation

Adiabatic initial condition Dl o= Crc—_27_,_._. D>
Isocurvature initial condition A7 sinCkc_27_,_._. D
4
Kurki-Suonio et al (2004)
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Robustness of the base ACDM model against different assumptions on initial conditions

Planck (2015)

— CDI(TT+owP) = NOI(TT+lowP) = NVI(TT+lowP) == ADI(TT+iowP)
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> Motivations for cross correlations:

» Parameter precision

» Concrete example: Axion (analytical formula for cross-correlation)
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How large does Bc have to be, for the isocurvature
parameters to be determined precisely by Planck?

Bc >0.1
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How much does Bc affect the ACDM parameter estimations?
10% or more.

QA th2 Qbh2 nr AR T

Be =1 1.1 1.1 1.0 1 1.4 097 |0.94
Be = 0.1 1.1 1.1 1.0 |14 1.1 | 1.1
No correlation || 1.0 1.0 1.0 | 1.1 | 1.1 1.1

Normalized error o/cy, iso
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Example: Nambu-Goldstone boson
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Analytical Formula for Bc in terms of axion parameters

1) Upper bound on Bc in terms of axion parameters. Bc ~0.1 possible.

2) Implications: Spontaneous Symmetry breaking scale ~ Mp is desired
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Model discrimination
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Concrete Example: Natural inflation (Freese, Frieman, Olinto (1990))
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Concrete Example:
Axion monodromy inflation (McAllister, Silverstein, Westphal (2008, 2010))
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Conclusion:
» CMB measurement perspectives:
Polarization is very powerful to constrain the isocurvature cross-correlation.

NACDM parameter estimation can be affected by 10% or more.

» Cross-correlated isocurvature modes through a concrete example: Axion

Inflation model discrimination:
preferred for the monodromy inflation, disfavored for natural inflation.



