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Most general scalar tensor theory in 4D

What is the most general viablescalar-tensor theory ?

viable = no ghost       ghostcarries negative energy

quantum mechanically, particles can be created from
vacuum without costing any energy

there is no time scale for  
instability in Lorentz invariant theory
the decay is instantaneous

Unless the mass of ghost is above the cut-off scale of the theory,               
ghost poses a serious consistency problem                      



Higher derivative theories 

ÅOstrogradskighost

Theories with higher derivatives 

We treat     as a new variable and     as a new velocity (we need four initial conditions)

If the velocity     can be expressed in terms of momenta 

(non-degeneracy condition), it can be shown that the Hamiltonian is not

bounded from below    
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Most general 2nd order Scalar tensor theory

ÅThis was found by Horndeskiƛƴ тлΩǎ  



ά.ŜȅƻƴŘ Horndeskiέ
ÅHorndeski

we can make conformal/disformaltransformations

ÅBeyond Horndeski

these terms introduce third order derivatives in the e.o.mbut the 
number of propagation degrees of freedom remains the same  
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Gleyzes, Langlois, Piazza, VernizziΨмп



Primary constraint 

Å1+3 decomposition

if “z π(primary constraint), the equations of motion is second order
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Langlois, Noui1510.06930,1512.06820



Beyond Horndeski

ÅEquations of motions contain higher order derivatives

ÅGravitational degrees of freedom 

ÅPrimary constraint 

by a suitable re-definition of variable 

equations of motion become second order (Lorentz invariance is broken) 

“z π

Langlois, Noui1510.06930,1512.06820, Hull, Crisostomi, KK, Tasinato1601.04658



Beyond Horndeski+ Horndeski

ÅQuartic bH+ Quartic H, QuinticbH+ QuinticH

primary constraint still exists     

ÅDisformaltransformation 

Langlois, Noui1510.06930,1512.06820, Hull, Crisostomi, KK, Tasinato1601.04658



Beyond Horndeski+ Horndeski

ÅBeyond Horndeskialone  

cannot be mapped to Horndeski(beyond H is mapped to beyond H itself)

ÅQuinticbH+ Quartic H, Quartic bH+ QuiticH

primary constraint is lost 

Langlois, Noui1510.06930,1512.06820, Hull, Crisostomi, KK, Tasinato1601.04658



General analysis 

ÅQuadratic theory

ÅImpose the existence of primary constraint

Langlois, Noui1510.06930,1512.06820, Crisostomi, KK, Tasinato1602.03119



Quadratic theory 

ÅNon-minimally coupled theory 

Crisostomi, KK, Tasinato1602.03119, Achour, Langlois, Noui1602.08398



ÅCubic 

Cubic theory
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Achour, Crisostomi, KK, Langlois, Noui, Tasinato1608.08135



Cubic + quadratic theory
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Achour, Crisostomi, KK, Langlois, Noui, Tasinato1608.08135



Achour, Crisostomi, KK, Langlois, Noui, Tasinato1608.08135



Applications 

ÅCosmological perturbations

quadratic     

tensor mode is well behaved in N-I and N-III (i)  

scalar perturbations are unstable (gradient instability) in N-III (i) 

ÅScreening 

beyond H breaks the Vainshteinmechanism in the presence of matter

de Rham, Matas1604.08638



breaking of Vainshteinmechanism 

ÅEH+ beyond Horndeski

Kobayashi, Watanabe, Yamauchi, arXiv:1411.4130
KK, Sakstein, arXiv:1502.06872
Saito, Yamauchi, Mizuno, Gleyze, Langlois, arXiv:1503.01448
Babichev, KK, Langlois, Saito, Sakstein, arXiv:1606.06627


