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* Fluctuations in the CMB and large-scale structure reveal key insights into the early Universe.

* |In ACDM cosmology, they originate from quantum perturbations during cosmic inflation

It constrains the perturbations on scales
much larger than that of galaxies

A 4

[ we investigate small-scale primordial perturbations sourced by spectator scalar field ]
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", s+ Modulated Reheating: =

a mechanlsm for generating curvature perturbations

Dvali, Gruzinov & Zaldarriaga
What is the Modulated reheating? (2004), Phys. Rev.

 The decay rate of the inflaton is modulated by a light scalar field.

* This leads to spatial variation in the reheating history.
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AN formalism

Initialization of the spectator

Expanding for small 6¢

C(x) = N(9(x), x(x) = (N(9(x), x(x)) S ™™

de Sitter equilibrium distribution Starobinsky & Yokoyama,

*  From Stochastic formalism Phys. Rev. (1994)
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Co(%) = BN (6, X(x))5(x)
() =G0+ &) ¢ (x) = NG, x(x)) — (N (8, x(x)))
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The Power Spectrum
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- _ Constraints }
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' ‘Gavitational Wave: tensor perturbation

Tensor perturbation -_— { h’)i (7, k) + 27'”1&(7, k) + kzhA(’Ta k) = 4S5, (T, k)J

Contains combination of ® squared (scalar perturbation)

S = Source — ds? = — (1 +2®) dt? + a2 (1 — 2®) 8;;da’ da?
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‘ _.'*'Gra\'fitétionaLWave: sCa.larpertu’rbation '

EOM for the scalar perturbation { (I)”(Ta k) +3(1+ ’lU)H(I”(T, k) 4+ w kz(b(’r, k)=0 J

{ B(r, k) = ;C()Ta (k) J

For RD Universew = 1/3 —_—

® is proportional to ¢

3 kr kTt kT
Where the transfer function is given by Ty (kT) = (sin — cos )
(7) (k7/v/3)° V3 V3 V3
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Fermion Vector
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Modulated reheating with a spectator field x can source gravitational waves from curvature
perturbations on small scales.

cj_" Signals may fall within reach of future detectors like Ultimate DECIGO and BBO, in a given
interval of the parameter.

® SM gauge and Yukawa coupling cannot produce an observable signal .
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The dependence of the GW signal on the spectral
index, factoring out the power-
spectrum k-dependence.
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- Energ-y and number of e-fold
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