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Planck collaboration: CMB power spectra, likelihoods, and parameters
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Figure 48. Planck 2015 CMB spectra, compared with the base ⇤CDM fit to PlanckTT+lowP data (red line). The upper panels
show the spectra and the lower panels the residuals. In all the panels, the horizontal scale changes from logarithmic to linear at
the “hybridization” scale, ` = 29 (the division between the low-` and high-` likelihoods). For the residuals, the vertical axis scale
changes as well, as shown by di↵erent left and right axes. Note that we showD` = `(` + 1)C`/(2⇡) for TT and T E, but C` for EE,
which also has di↵erent vertical scales at low- and high-`.
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16 Planck Collaboration: Constraints on inflation

Fig. 11. Marginalized joint 68 % and 95 % CL regions for (✏1 , ✏2 , ✏3) (top panels) and (✏V , ⌘V , ⇠2V ) (bottom panels) for Planck
TT+lowP (red contours), Planck TT,TE,EE+lowP (blue contours), and compared with the Planck 2013 results (grey contours).

Fig. 12. Marginalized joint 68 % and 95 % CL regions for ns and r0.002 from Planck in combination with other data sets, compared
to the theoretical predictions of selected inflationary models.
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Question

Can we modify only tensor modes  
  without changing the scalar sector?



Outline

• Introduction 

• Construction of quadratic curvature gravity 

• How is the tensor amplitude modified ? 

• Results with Planck 2015
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Construction of theories
Theories we want have the properties as follows:

・No ghost degrees of freedom

・Changing the dynamics of tensor perturbations 
  while the scalar perturbations is left unchanged 



Construction of theories
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Construction of theories
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Cosmological perturbations
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Combinations for which the scalar variables are 
canceled out 
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Tensor amplitudes 
in      and      modelL1 L2



L1
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L1 model
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Red points: numerical
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L2 model

v�k := (4)�1/2ah�
k

d2vk
d⌘2

+ !2
k(⌘)vk = 0

!2
k := k2 +

k4

M2a2
� 1

a

d2a

d⌘2

WKB solution
vk ' 1p

2!k
exp


�i

Z ⌘

!k(⌘
0
)d⌘0

�

at large k
v

k

=
e

�⇡/8x
Wi/4x,3/4(�ixk2⌘2)

(�2xk2⌘)1/2



PT =
2H2

⇡2
⌅2(H/M)

⌅2(x) :=
⇡

4

h
e

⇡/(4x)
x

3/2 |�(5/4 + i/(4x))|2
i�1

L2 model



L2 model
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・Both       and       reduce the amplitude of primordial 
　tensor perturbaitons.

L1 L2

L2・      generate large non-Gaussianity of curvature 
　perturbation.

L1 ・     does not change the cubic interaction of the  
　curvature perturbation.

L1・With      ,  we can obtain as small as 65% of the  
　standard tensor amplitude.

Brief summary of this section



Results with Planck 
2015
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Fig. 11. Marginalized joint 68 % and 95 % CL regions for (✏1 , ✏2 , ✏3) (top panels) and (✏V , ⌘V , ⇠2V ) (bottom panels) for Planck
TT+lowP (red contours), Planck TT,TE,EE+lowP (blue contours), and compared with the Planck 2013 results (grey contours).

Fig. 12. Marginalized joint 68 % and 95 % CL regions for ns and r0.002 from Planck in combination with other data sets, compared
to the theoretical predictions of selected inflationary models.

Suppression with        modelL1



Summary
• We construct two possible theories which change 
only the dynamics of tensor perturbations without 
changing scalar sector. 

• One of the theories which is called “Lorentz-violating 
Weyl gravity” can decrease the tensor amplitude up 
to 65%. 

• We can put some inflation models which are out of 
the observational constraints into the 2σ contour 
with this suppression effect.




