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Observational windows of inflation

LISA=>Possibility to test regions for which we have poor information

[J. Garcia-Bellido, M. Peloso, C. Unal ’16]
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Planck

Importance of measuring the Tensor PS (at different scales)

nT . 5 only with CMB

[P. D. Lasky et al., (1511.05994)]
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Potentially interesting scenarios

- Presence of extra degrees of freedom 
during inflation

- New patterns of symmetry during 
inflation

- Merging of Primordial BHs after inflation

Inflationary GWs generated by the amplification of the vacuum fluctuations
 have an amplitude OUT of LIGO and LISA range

- . . .



MODEL INDEPENDENT PARAMETRIZATION

h2⌦gw = A⇤
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It allows to study a model within a given observational window (frequency band of LISA)
agnostic about the potential at field values that not impact these scales
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[Bartolo N. et al ’16]



GLOBAL PARAMETRIZATION
Specify the potential and combine all the scales in the observable 60 efolds of inflation
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A simple (global) parametrization of the scalar potential:

Mukhanov ‘13
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Binetruy, Domcke, Pieroni ‘16
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p = 2 => largest GW contribution



STAROBINSKY-TYPE POTENTIAL
3 parameters

↵/⇤, �, p V (�) = V0(1� e���)2 ! p = 2 vary � = 1/(2�2) and ↵

non-Gaussianity, mu-distorsion (+LIGO)

LISA sensitivities

complementarity between CMB and direct GW observations

[Bartolo N. et al ’16]



CHAOTIC POTENTIAL
3 parameters

↵/⇤, �, p

LISA sensitivities

Spectral tilt as a model discriminator

V (�) = V0�
� ! p = 1 vary � = �/4 and ↵

Bartolo et al ‘16



Extra (spectator) scalar field during inflation

L � P (X,�) s ⌘ ċs
Hcs

6= 0

[Figueroa, Ricciardone et al ’16]

A(S)
0.05 = 2.21⇥ 10�9 (65%CL)

✏ = 0.0068 (95%CL) (PlanckTT + lowP)

r0.05 < 0.09 (95%CL)

[Planck 2013 XVI]

[BICEP2 / Keck Array VI]
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c_T -> tensor sound speed 

Effective theory for (massive) tensor
 during inflation
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GWs from “post”-inflationary processes

Large peaks in the matter PS => PBHs 
merging of PBHs => stochastic bg of GWs 
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GWs “Beyond” inflation
GWs from (p) reheating through 
parametric effects
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but High frequency
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PBH
(see Garcia-Bellido, 

Peloso’s talks )



GWs from String Gas Cosmology

nT ' �(1� ns)

[Brandenberger et al ’14]

Planck: ns = 0.968± 0, 006 => NO GWs @ LISA scales 
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Planck: ns = 0.968± 0, 006 => NO GWs @ LISA scales 

GWs from Kination Domination after inflation
[B. Spokoiny arXiv:gr-qc/9306008]
[M. Joyce arXiv:hep-ph/9606223]

w = (K � V )/(K + V ) ' +1

It does not affect CMB modes

GWs ??? 

https://arxiv.org/abs/gr-qc/9306008
https://arxiv.org/abs/gr-qc/9306008
https://arxiv.org/abs/gr-qc/9306008
https://arxiv.org/abs/gr-qc/9306008


GWs from String Gas Cosmology

nT ' �(1� ns)

[Brandenberger et al ’14]

Planck: ns = 0.968± 0, 006 => NO GWs @ LISA scales 

GWs from Kination Domination after inflation
[B. Spokoiny arXiv:gr-qc/9306008]
[M. Joyce arXiv:hep-ph/9606223]

w = (K � V )/(K + V ) ' +1

It does not affect CMB modes

GWs ??? 

GWs from Pre-Big Bang model [Gasperini  ’16]

axion-curvaton mechanism � string parameter

g string coupling



Possible future directions

non-Gaussianity

h⇣(k1)⇣(k2)⇣(k3)i ⌘ (2⇡)3�(3)(k1 + k2 + k3)B⇣(k1, k2, k3)

(scalar sector)

�T

T
= ��

3
= �1

5
⇣ on S-H scales

B⇣(k1, k2, k3) = fNLF (k1, k2, k3)

Amplitude Shape 

Different inflationary models predict different 
amplitudes and shapes of the bispectrum



CMB Bispectrum Shapes

- Multi-field models

- Curvaton

- Ekpyrotic/cyclic models

- Non-canonical kinetic term
- (K-Inflation, DBI)
- Effective Field Theory

- Higher derivative interaction

- Galileon inflation

Planck 2015 results. XVII
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STRONG constraints on
 scalar non-Gaussianity



Tensor non-Gaussianity?
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Tensor non-Gaussianity?

hhs1(k1)h
s2(k2)h

s3(k3)i ⌘ (2⇡)3�(3)(k1 + k2 + k3)B
s1s2s3
h (k1,k2,k3)

s= polarization

Bh(k1,k2,k3) = fT
NLF (k1,k2,k3)

CMB constraints only about EQUILATERAL CONFIGURATION

[Shiraishi et al ‘15]

what about tensor nG @ LISA scales?
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Then the GWs Power 
Spectrum...
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Then the GWs Power 
Spectrum...

see Tasinato’s Talk

“Equilateral shape”: NO IDEA
typical of particle production models
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Chiral GWs
For a GW in n = z direction

In circular polarization basis

[Smith & Caldwell ‘16]

[B. Thorne et al ‘17]
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For a GW in n = z direction
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�ij phase shift along each arm

R response function

RX1X2
V (f) = 0



Chiral GWs
For a GW in n = z direction

In circular polarization basis

[B. Thorne et al ‘17]

RX1X2
V (f) 6= 0



GWs from PBHs

Conditions to 
generate

inflection in the potential

multi-fields

bubble collisions (?)

. . . 



GWs from PBHs

Conditions to 
generate

inflection in the potential

multi-fields

bubble collisions (?)

. . . 

see Garcia-Bellido and 
Peloso’s Talks

Distinguish PHB
from astrophys.

eccentricity

spin

mass function

How are they 
related to 
inflation?

spatial 
distribution?
. . .



The detection or NOT of primordial GWs with 
LISA, constrains inflationary cosmological 
parameters complementary to CMB

Ability of LISA to constrain other “cosmological” 
observables (n-G, extra polarizations ... )

- Next steps?
Forecast the ability of LISA to constrain
“inflationary-related” scenarios

LISA abilities for PBHs phenomenology


