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GWs from Inflation

Watanabe, Komatsu (2006)

Time of horizon re-entry

aLIGO
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Characterising GWs from Inflation

● Almost scale-independent with nT < 0 
– Non-zero B-mode power in different frequencies

● Parity invariant
– TB/EB correlations = 0

● Almost Gaussian
– Non-Gaussianity ~ 1



  

Why do we care about these GWs?

● Fluctuations of the CMB are
– Super-horizon

– Adiabatic

– Gaussian

– Almost scale-independent with ns < 1

–                           with nT < 0

● Definitive evidence for inflation!
● Detection of non-zero r

– Energy scale of inflation 

– Evidence for quantum gravity 

r < 0.07

BICEP/Planck Collaboration (2015)



  

(Some) Open Questions

● Scale independence of tensor modes, nT

– nT < 0  quantum fluctuations? 

– nT > 0  ??

● If we detect r≠0, r >= 0.001, super-Planckian 
field excursions? (Lyth Bound)

● What about spectator fields?

Lyth (1996)



  

Axion-Gauge-Fields Dynamics : 
Background

● Φ -> scalar inflaton
● χ -> pseudo-scalar axion. Spectator field 

(negligible contribution to homogeneous energy 
density)

●  : SU(2) gauge field, with field strength tensor

Dimastrogiovanni, Fasiello, Fujita (2016)



  

Axion-Gauge-Fields Dynamics : 
Background

● Φ -> slow roll, generate scalar perturbations
● χ -> slow roll, generate tensor perturbations
● As the axion rolls down its potential, it excites  

perturbations (scalar+vector+tensor) of the SU(2) gauge 
field

● By choosing the strength of the coupling (mQ) 
appropriately, the scalar perturbations of the gauge field 
can be suppressed

Dimastrogiovanni, Fasiello, Fujita (2016)



  

Axion-Gauge-Fields Dynamics : 
Perturbations

● Tensor sector of these perturbations then sources 
gravitational waves

 

● Two parameters characterise tensor perturbations
– What is the energy density in gauge fields? ~ єB

– How strongly gauge fields couple to the axion? ~ mQ

 

Dimastrogiovanni, Fasiello, Fujita (2016)



  

Amplification of Tensor Modes

● Tensor fluctuations 
of SU(2) gauge 
field
– Are amplified 

exponentially,

– to peak before 
horizon crossing....

● sourcing metric 
perturbations which 
remain constant on 
super-horizon 
scales

Dimastrogiovanni, Fasiello, Fujita (2016)

 x = −kτ 



  

Characterising GWs from Inflation

● Almost scale-independent with nT < 0 
– Non-zero B-mode power in different frequencies

● Parity invariant
– TB/EB correlations = 0

● Almost Gaussian
– Non-Gaussianity ~ 1



  

Sourced Tensor Modes

Dimastrogiovanni, Fasiello, Fujita (2016)

These GWs 
– Can be scale-independent, red tilted or blue tilted



  

Characterising GWs from Inflation

● Almost scale-independent with nT < 0 
– Non-zero B-mode power in different frequencies

● Parity invariant
– TB/EB correlations = 0

● Almost Gaussian
– Non-Gaussianity ~ 1



  

Sourced Chiral Tensor Modes

These GWs 
– Can be scale-independent, red tilted or blue tilted

– Are chiral (pseudo-scalar axion violates parity)

Saito et. al. (2007), Thorne, Fujita, Komatsu et. al. (2017)

Solid : TB Spectra

Dashed : EB Spectra

l
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Non-Gaussianity

● Gaussian distribution -> P(k)/ξ(r)
● Non-Gaussian distribution? Bispectrum 

+Trispectrum+....

X
1

X
3

X
2



  

Bispectrum

● Non-Gaussian distribution? Bispectrum 
● Triangle condition -> 3 variables, k1 > k2 > k3
● For scale-invariant P(k) -> k1 = 1

k2
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k
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Generating tensor bispectrum

● Second order interactions of the gauge fields 
generate tensor bispectrum at tree-level

GW

Gauge 
field

AA, Fujita, Komatsu (2017)
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Bispectrum - I 

AA, Fujita, Komatsu (in prep)

Self interaction of gauge fields Equilateral shape
 
Peak at r2 = r3 ~ 0.6 0 for r2+r3 = 1



  

Bispectrum - II 

AA, Fujita, Komatsu (in prep)

Non-linear sourcing by gauge fields Equilateral shape
 
Peak at r2 = r3 = 1 0 for r2+r3 = 1



  

Bispectrum - III 

AA, Fujita, Komatsu (in prep)

Non-linear sourcing by gauge field + metric Equilateral shape
 
Peak at r2 = r3 = 1 0 for r2+r3 = 1



  

Bispectrum - I+II

AA, Fujita, Komatsu (2017)

These GWs 
– Can be scale-independent, red tilted or blue tilted

– Are chiral (pseudo-scalar axion violates parity)

– Are non-Gaussian



  

Constraining SU(2) 

● GWs => Temperature+Polarisation
● Tensor NG is constrained by Planck, using the 

odd-parity temperature bispectrum to constrain

● Planck measures
● using the equilateral template

Planck (2015), AA, Fujita, Komatsu (2017)



  

Equilateral Template

Planck (2015), AA, Fujita, Komatsu (2017)



  

Constraining SU(2) 

● For our model,  

● Already constrains the energy density єB of gauge fields! 

 
AA, Fujita, Komatsu (2017, in prep)

Coupling Strength of Gauge Fields



  

Parameter Search

AA, Fujita, Komatsu (in prep)

Coupling Strength of Gauge Fields (m
Q
)
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Parameter Search

AA, Fujita, Komatsu (in prep)
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Non-Gaussianity - Vacuum 
Fluctuations vs. Sources

● For vacuum 
fluctuations

● For our model

● This can be much 
greater than 1 – 
highly non-
Gaussian!!

Maldacena (2003), Maldacena, Pimentel (2011), AA, Fujita, Komatsu (2017, in prep)

Coupling Strength of Gauge Fields (m
Q
)



  

Conclusion

● Spectator fields can generate observable tensor 
fluctuations, without violating constraints on the scalar 
sector

● For future detections of B modes we need to check for
– Scale independence

– Parity invariance

– Gaussianity

● Only after all these are consistent with the quantum origin 
should we claim to have discovered quantum gravity

● If not, they can be used to constrain the energy density of 
spectator fields
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