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Quest for true theory of gravity 

Observational confrontations to seek 
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Observational controversies 

・tension of 

…

・discrepancy of Hubble parameter

�8 � ⌦m

・baryonic/non-liniear biases

・dependence of unknown priors 
・intrinsic degeneracies in models 



EFT - parameterization 

E.Bellini & I.Sawicky JCAP 2014

↵M

↵K

↵B

↵T

Kinetic term of scalar 

“Braiding” between kinetic term of scalar and tensor

phase velocity of tensor

In ADM formalism

↵M ⌘ 1

HM2

dM
2

dt

↵T ⌘ c2T � 1

R :3d Ricci scalar

D.Langlois et. al. 2017

T. Kobayashi, M. Yamaguchi, and J. Yokoyama 2011

��(t) = 0

Observational confrontations to seek 
the true theory of gravity



 e.g. Horndeski theory 
G. Horndeski, 1974
T. Kobayashi, M. Yamaguchi, and J. Yokoyama 2011
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p
�g

5X

i=2

Li

X ⌘ ��;µ�;µ/2
L2 = G2(�, X),

Observational confrontations to seek 
the true theory of gravity

・Phenomenologically it can explains cosmic acceleration

General framework for1-scalar and 2-tensor d.o.f up to 2nd  
order space-time derivatives

Impossible to solve the cosmological evolution in 
model-independent way

・

・



Flow of the numerical model extraction 
SA and A.Nishizawa. in arXiv:1711.03776 
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Model classification
SA and A.Nishizawa. in arXiv:1711.03776 

Numerical model classification and  
    correlation between the EFT couplings

GW observations can significantly distinguish the models



Impact of GW170817 & GRB170817A
  APJLett. 848:L13 2017 

EFT of gravitation after GW170817: 
   what GWs observations can do?



Impact of GW170817 & GRB170817A
  APJLett. 848:L13 2017 

EFT of gravitation after GW170817: 
   what GWs observations can do?

h00
ij + (2 + ↵M )Hh0

ij + (↵T
2
� 1)k2 = 0

GW propagation in Horndeski theory 
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|↵T,0| < 10�15



Breaking degeneracy between α parameters

EFT of gravitation after GW170817: 
   what GWs observations can do?



Phenomenological implication for coupling hierarchy

|↵K | < O(10�5)
|↵B | < O(10�3)

|↵M | < O(10�2)

unless we set  ↵T = 0
other α parameters have to stay in  

ΛCDM model？ 

↵T↵T

↵T = 0

or |�̇/H�| ⌧ 1

EFT of gravitation after GW170817: 
   what GWs observations can do?



Summary

We developed the numerical formulation to classify the models in 
the Horndeski theory based on α  parameterization, reasonably 
including observational uncertainties.

Applying our method to GW observation, we obtain the 
distributions of the models in αT-αM plane.

Unless ↵T = 0 , it is inevitable to set all the αs to be smaller.

caveats 
is confirmed only at one redshift|↵T | < 10�15

multiple GW detections are significant 

↵T = 0Models with potentially predict large values for the αs 
GW +Other cosmological observations are essential  

・

・

Considering the current observation of GW170817 and GRB170817A, the 
models with G4 and G5 functions hardly account for cosmic accelerating 
universe and GW observation at the same time.

c.f. J.M.Ezquiaga and M.Zumalacarregui  2017

SA and A.Nishizawa. in arXiv:1711.03776 
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Observational constraints on cosmic expansion histories

Model extraction consistent with current 
cosmic expansion

O.Farooq et al.  Astrophys. J. 835 (2017) 

 Simon et al. (2005) 
 Moresco et al. (2012) 

Zhang et al. (2012) 

@z ⇠ 0.1

�Hobs

Hobs
' 17%



Self Acceleration 

SHorn =

Z
d4x

p
�g

M2

⇤ (t)c
2

T (t)

2
R+ . . .

⌦(t)

in the language of the EFT
J.Gleyzes et al. 2013G.Gubitosi et al. 2013

N.B 1. We here use the notation as same as EFT of DE. 
N.B 2. This way of acceleration is ONLY seen in the Jordan frame. 

GW observation as a probe of theories of gravity

�����
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H⌦(t)

����� & 1

L.Lombriser & A. Taylor JCAP 2016  
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Lombriser & Taylor 2016

L.Lombriser & A.Taylor JCAP 2016

They carefully consider models that 
have non-linear screening mechanism 
but still give general discussion of 
Horndeski theory

�����
⌦̇(t)

H⌦(t)

����� & 1
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= ↵M +

↵̇T
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Models in the EFT-parameterization 
E.Bellini & I.Sawicky JCAP 2014

EFT of gravitation: a bridge of low and high 
energy  physics of gravity



Observational bounds from GW170817

GW observation as a probe of Horndeski theory

�75.3  ⌫0  78.4 �4.7⇥ 10�16  �g0  2.2⇥ 10�15

SA and A.Nishizawa. in arXiv:1711.03776 


