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Inflationary model: -attractorα

Preheating Scenario
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Preheating Scenario

Kofman, Linde, Starobinsky ‘97
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ds2 = − dt2 + a(t)2(δij + hij)dxidxj hii = ∂ihij = 0

··hij + 3H ·hij +
∇2

a2
hij =

2
m2

pa2
{∂iϕ∂jϕ + ∂i χ∂j χ}TT

Equation of Motion

Gravitational waves
FLRW background + tensor perturbations
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Equation of Motion

Gravitational waves
FLRW background + tensor perturbations

¡Source GWs!



Lattice Simulations
Figueroa, Florio, Torrenti & Valkenburg ‘20

Version 1.1: New GWs Module

𝒞𝚘𝚜𝚖𝚘ℒ𝚊𝚝𝚝𝚒𝚌𝚎

https://cosmolattice.net

Baeza-Ballesteros & NL ’22



Stochastic Gravitational Wave Background (SGWB)
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dρGW

d log k
=

k3

(4π)3GV ∫
dΩk

4π
·hij(k, t) ·h*ij (k, t)

Easther, Giblin, Lim ’06 - ‘08
Figueroa, García-Bellido, et al ’07 - ‘10
Kofman, Dufaux, et al ’07 - ‘09

Khlenbnikov, Tkachev ’97

ΩGW(k, t) ≡
1
ρc

dρGW

d log k



GW spectrum parametrization of 
single daughter field
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= (21.22 ± 7.64)( q
104 )

0.52±0.08

q = 3 × 104
Peak position parameter dependence



GW spectrum parametrization of 
single daughter field

� �� �� �����-��

��-�

��-�

��-�

��-�
kp(q)
ω*

= (21.22 ± 7.64)( q
104 )

0.52±0.08

Ω(p)
GW(q) = (1.2 ± 0.7) × 10−5 ( q

104 )
−1.1±0.12

q = 3 × 104
Peak position parameter dependence

Peak amplitude parameter dependence



What if multiple daughter fields?
Multipeak Spectra?

··hij + 3H ·hij +
∇2

a2
hij =

2
m2

pa2
{∂iϕ∂jϕ + ∑

n

(∂i χn∂j χn)}TT



Preheating scenario with 2 daughter fields
q1 = 3 × 104 q2 = 1.5 × 106
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q1 = 3 × 104 q2 = 1.5 × 106 q3 = 1.3 × 107

Preheating scenario with 3 daughter fields
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“Stairway” 
signature
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q1 = 3 × 104 q2 = 1.5 × 106 q3 = 1.3 × 107

Preheating scenario with 3 daughter fields

“Stairway to 
Heaven” 
signature
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Today’s frequency and Amplitude
Is the signal detectable?

Caprini & Figueroa ‘18
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Today’s frequency and Amplitude
Is the signal detectable?

h2
0Ω(0)

GW
peak

≃ 1.92 × 10−10 ( q
104 )

−1.1

Signal not detectable by 
current/future observatories! 

Large amplitude!

fp ≃ 1.64 × 109 ( q
104 )

0.52

Hz

High Frequency!

Caprini & Figueroa ‘18



Signal Reconstruction

Signal template

h2ΩGW =
n

∑
i=1

10ln(h2Ω*i )
2 ( f

f*i )
ni

1 + exp { δi( f − f*i )
f*i }

Shift by hand to frequency window of 
LISA, BBO

LISA

High Frequency Experiment (HFE)



Signal Reconstruction

BBO



Signal Reconstruction

HFE



Coupling reconstruction

For LISA



Coupling reconstruction
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Conclusions

GWs are an ideal probe of early universe physics.  
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Conclusions

GWs are an ideal probe of early universe physics. 

Coupling Reconstruction gives order of magnitude and is precise at 1 . σ

Realistic Early Universe scenarios have of multiple fields.  

Similar “stairway” effect expected in tachyonic preheating, axion preheating or 
geometric preheating.



!Thank you¡
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nonzero coupling among 
daughters species

q1 = 3 × 104 q2 = 1.5 × 106 q12 = 0

q1 = 3 × 104 q2 = 1.5 × 106 q12 = 0.01 ⋅ q1

q1 = 3 × 104 q2 = 1.5 × 106 q12 = 10 ⋅ q2

∼
1
2

g2
12χ2

1 χ2
2


