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The most general scalar-tensor theory

v Horndeski found the most general Lagrangian whose EOM is second-order differential
equation for ¢ and guv (also known as Generalized galileon)
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Kobayashi, Yamaguchi, Yokoyama, Prog. Theor. Phys. 126, 511 (2011)
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QUESTION :

Does Vainshtein mechanism work
in The most general second-order
scalar-tensor theory
in a cosmological background???
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Traceless part of the Einstein Equations

) Coefficients
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v' The propagation speed of the gravitational waves
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Spherically Symmetric Case

v EOM for gravity and scalar field can be integrated once,

e g B (Q) LB Q

C S o e e
hop r r  H2 H? r r

RO M ) s (Q’>2 Bs V' Q 2y (Q’>3

17 r  8tGr 13 H? H2 Y WS 5
Q/ \IJ/ (I)/ [_ 60 (Ql> 6 \IJ/ Q/ 5 (I)/ Q/ _|_ 53 (I)/ \IJ/

Oéo——Ozl——OzQ—ZQ
H? H? r r H2 ror H?2 r r

r r r
+’Yo Q' 3+71(I>' QN
H4 \ r H4 r r

AL B;

where

Ci
Gr



Spherically Symmetric Case

v EOM for gravity and scalar field can be integrated once,

Bs V' Q

v

H2r7“

enclosed mass

2O i
3H* \ r

Rt S SRR SR S et (1 4
O/r' 041,,,. 042,’,,_ H2 r H27"r,° HZT’I“ H2’I"’I"
e Yo Q' 3+ " d /Q 2
H*4 r H4 r r
where

g A; B; C,

C}%E_’ al(t)E_a Bz(t)E_, ’}/Z( )E—

i T T H



Spherically Symmetric Case

v EOM for gravity and scalar field can be integrated once,
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Linear Solution
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Non-linear Solution
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Non-linear Solution

Case 1 : Gux =0, G5 =0
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Casel: Gux=0,G5=0

v Kinetic gravity braiding (with non-minimal coupling) (Deffayet et al. 2010)
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Generalization of the cubic galileon theory
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¥ In this case, the equation for Q reduces to a quadratic equation
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Case 2 : Gsx =0

v’ Lagrangian
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v' 3 possible solutions at short distance can be matched to the linear solution
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Solar-system tests |1 — ~y| < 23X 1072] (will 2005)




Case 3 : Gsx #0

v’ At sufficiently small scales,
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Case 3 : Gsx #* 0

v’ At sufficiently small scales,

The Vainshtein mechanism no longer works
in the presence of Gsx !!



Summary

€ Vainshtein screening successfully operates in the most
general second-order scalar-tensor theory, but

» Newtons constant G=G(%)

» constrained from PPN and BBN

» inverse-square law can not be reproduced at small
scales if Gsx#0



