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Motivation What to expect?

* Horndeski theory coupled to a U(1) gauge boson and scalar
Natural way to add "normal"matter to Horndeski
Natural way to obtain vector Galileon Lagrangian.

Some uniformity in vector and tensor sectors.
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Non-gauge vector galileons:
Examples: 1307.0077 (G. Tasinato, K. Koyama, and N. Khosravi),.., 1812.11134 (P. Petrov)

Gauge vector galileons:

NO—gO: 1312.6690 (C. Deffayet, A. E. Giimriik¢iioglu, S. Mukohyama, and Y. Wang)
Latest developments: 2312.14814, 2404.18715 (A. Colléaux, D. Langlois, and K. Noui)

Speeds of graviton and photon are EQUAL!

Horndeski dark matter and dark energy are not closed after GW170817

GW170817: |<L — 1] <1071° KK compactification: |<L — 1| = 0



Horndeski theory

5:/d4xv—g(£2+£3+£4+ﬁ5),

Ly = F(m, X),
L3 = K(m, X)Om,

L4 = =Ga(m, X)R + 2Gax(m, X) (@) = 7mam™] |
£5 = G5(7T, X)Gmnﬂ_;mn + %G5X |:(D7T)3 — 3|:|7r7r;mn,n-§mn + 27T;mn7r;m/7r;/n ,

where 7 is the Galileon field, X = g™ T n, T m = OmT, Timn = VaVmT,
O = gm"V,Vm, Gyx = 8G4/8X

8mn = g“V+¢2AuAV ¢2Au
mn ¢2AV ¢2



Horndeski theory — U(1) vector gauge field

S = /d4x\/—g(£2+£3+£4+£5),

Ly = F(m, X),
L3 = K(m, X)On,

La = —Ga(m, X)R + 2Gax (. X) [(m)2 - W;Ww"] :
1 ) .
Ls = Gs(m,X)G"' 7., + §G5x [(DW)3 =307t + 21 P |

L5, L3 — no dynamical A,



Horndeski theory — U(1) vector gauge field

5:/d4x\/—g(£2+£3+£4+£5),

Lo = F(ﬂ—aX)a
L3 = K(m, X)Om,

L4 = —Ga(m, X)R + 2Gax (. X) [(m)2 - mMW] ,
1 ) .
Ls = Gs(m,X)G"' 7., + §G5x [(DW)3 =307t + 21 P |

L4 — non minimal coupling to A,



Horndeski theory — U(1) vector gauge field

S = /d4x\/—g(£2+ﬁ3 +Ls+ Ls),

Ly = F(TF,X),
L3 = K(m, X)Om,

La = —Ga(m, X)R + 2Gax(, X) [(mf - W;MW] ,
1 . .
Ls = G5(7T7 X)Gl“/ﬂ';lw + §G5X |:(|:|7r)3 _ 3D7T7T;N,,7T'“V + Qﬂ;uyw'ﬂpﬂ;pu},

Ls, Le — A, is a vector Galileon



Horndeski theory Speed of graviton
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Horndeski theory Speed of graviton

S= /d“x\/—g(£2+£3 + L4+ Ls),

[,2 = F(W,X),
L3 = K(m, X)On,

L4 =—Gy(m, X)R + 2Gsx(m, X) [(Dﬂ')2 — Tt |,

1
L5 = Go(m, X)G"' Ty + 5 Gox [(mf -

2=c2+#1

G = 2[Gy — 2XGy x — X (H#6sx — Gsy)]
Fr =2[Gs — X (#6Gsx + Gsp)]

11/15



allowable Horndeski theory

S = /d4X\/—g(£2 + L3 +£4),

Ly = F(m, X),
L3 = K(m,X)On,

£4 = —G4(7T,X)R



allowable Horndeski theory

5:/d4xv—g(£2+£3+£4),

Ls = F(m, X),
L3 = K(m,X)On,

£4 = —G4(7T,X)R

S= /d“X\/—g(ﬁz + L3+ L4+ Ls),

Ly = F(m, X),
L3 = K(ﬂ',X)Dﬂ"

L4 = —Ga(m, X)R + 2Gyx (7, X) [(Dw)z _ W;NVW:W] ’
£5 = G5(7T)GIW7T;H1,
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Ssq = f d5X v/ —&(5) (G4 R(5) + G4’X ((Dﬂ)z — (VAVBﬂ')z) )
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Ssq = f d5X v/ —&(5) (G4 R(5) + G4’X ((Dﬂ)z — (VAVBﬂ')z) )

+P?ALA 2A
BAB = ( Euv ¢2¢Ayu v ¢)¢2M>
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Ssa= | &x\/~ge) (Gt Re) + Gax ((97)* = (VaVer)?) )

+¢2A A 2A
8AB = ( 8uv ¢2¢AUM v ¢¢2M>

Sta= [ 5 V=E6 G R+ 6 Gox () - (V,W,r))

+6y (=307 F2 =206 + Gox (29,07 80 = 36° .7 Ry V7 V")
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/ d°x /~gs) <G5(7r) <R(;’)3 - 580) R(5)> vAva)



1
d°x \/=g) <G5(7T) (R(;’f - 5g@,‘f R(5)> vAva)

/ d*x /=g ¢ Gs(n) ( <R‘“’ — %g’“’ R> V.V,

1
24

1 v g
50 P Fo (384000 850 + 839 600) VAV

1
RV,u0V"x+ (00 0m — V, 9,0V V")

1
+ 0 8o (—4V, VT + gpqu)> + 507 Fuy Vo F7 vuﬂ)

14/15



Conclusion and outlook

o Horndeski theory is OK for DE and DM modeling in modern Universe



Conclusion and outlook

o Horndeski theory is OK for DE and DM modeling in modern Universe

o There are gauge vector galileons



Conclusion and outlook

o Horndeski theory is OK for DE and DM modeling in modern Universe

o There are gauge vector galileons

o To do:



Conclusion and outlook

o Horndeski theory is OK for DE and DM modeling in modern Universe

o There are gauge vector galileons

o To do:

o Scalar sector



Conclusion and outlook

o Horndeski theory is OK for DE and DM modeling in modern Universe

o There are gauge vector galileons

o To do:

o Scalar sector
o Different compactifications

Q -



Conclusion and outlook

o Horndeski theory is OK for DE and DM modeling in modern Universe

o There are gauge vector galileons

o To do:

o Scalar sector
o Different compactifications

Q -

Thank you for your attention!



