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Primordial gravitational waves

• detect gravitational waves provided 

Science goals for CMB-S4

• provide an upper limit of                 at 95% CL  
otherwise

r > 3⇥ 10�3

r < 10�3

This excludes all models of inflation that naturally explain the 
observed value of the spectral index and have a super-Planckian 
characteristic scale.
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Models of inflation that naturally explain the observed value of the 
scalar spectral index fall into two classes
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Primordial gravitational waves
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Monomial models

are about to be excluded by current data.

Primordial gravitational waves



The plateau and hilltop models come with a characteristic scale over 
which the potential departs from a constant
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 *

Poincaré disks 

N  = 57 
 *

Higgs inflation 

N  = 50 
 *

R 
2

47< N  < 57 
 *

Fibre inflation 

CMB-S4 is designed to detect gravitational waves or exclude all 
models that naturally explain the observed value of the spectral 
index with               . 

In many models,                 because they have common originM ⇡ MP

Primordial gravitational waves

M � MP





Primordial gravitational waves

hk(t) /
1

a(t)
exp


�ik

Z t dt0

a(t0)

�
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After creation or horizon entry, the evolution is described by
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kak
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So
strain at creation scale factor at creation

akH(ak) ⇡ k

Effect of expansion on gravitational waves
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Primordial gravitational waves

Given current CMB constraints, a scale-invariant gravitational wave 
background is far out of reach of current or planned interferometers 



The CMB is not sensitive to astrophysical sources of gravitational 
waves

Synergies

Given current CMB constraints, a scale-invariant gravitational wave 
background is far out of reach of current or planned interferometers 

We might detect a primordial signal that is not dominated by vacuum 
fluctuations in the metric (e.g. source by a gauge field with a 
tachyonic instability)

In this case, the signal is expected to have different statistical 
properties, e.g. parity violating spectra, large non-Gaussianity

If this is how nature works, there would be interesting synergies, and 
provided we are able to characterize the CMB signal well enough.



Parallel session



Thank you


