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‘ Motivation I

Horava-Lifshitz gravity:

- Breaks dipheomorphism invariance explicitly.

- Preferred foliation splitting spacetime into space and time.

- It lets add higher order spatial derivatives of the metric — improved UV




Problems:

~ New scalar degree of freedom in addition to the massless graviton.

- Projectable version — Unstable scalar or ghost.

- Non-projectable version — Strong coupling, fast instabilities.




Problems:

~ New scalar degree of freedom in addition to the massless graviton.
- Projectable version — Unstable scalar or ghost.
- Non-projectable version — Strong coupling, fast instabilities.

Ex version — For in UV le, th ' ling: however




Problems:

New scalar degree of freedom in addition to the massless graviton.
Projectable version — Unstable scalar or ghost.

Non-projectable version — Strong coupling, fast instabilities.

Extended version — For a certain UV scale, there is no strong coupling; however,




Extended Horava-Lifshitz Gravity 4+ 'Massive’ Term

The action of Extended HL Gravity is given by [D.Blas, O.Pujolas, and S.Sibiryakov,

Phys.Rev.Lett.104, 181302 (2010). A.Papazoglou and T.P.Sotiriou, Phys.Lett.B685, 197
(2010).]
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Extended Horava-Lifshitz Gravity + 'Massive’ Term

The action of Extended HL Gravity is given by [D.Blas, O.Pujolas, and S.Sibiryakov,
Phys.Rev.Lett.104, 181302 (2010). A.Papazoglou and T.P.Sotiriou, Phys.Lett.B685, 197
(2010).]
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Studying the graviton scalar mode,

N = Ba(t’x)y N; = 0;6(t, z), 9ij = €2C(t’x)5ij° (4)




Studying the graviton scalar mode,
N =eXt?), N, = B, x),  gij = 62C(t’x)5z'j- (4)

Adding () and ( ) we obtain the quadratic Lagrangian,

Lo = S-3NE (1L 3NCAB+ 21— A)(AB) + (8i0)? — 2a A¢ —




The momentum and hamiltonian constraints are
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The dispersion relation turns out to be

w2 _ Q(p2) 4 B(m% B 3777%) , (9)

with

1 (1 —3X\)(2p2 + 3m?




Figure 1: P(p?) as a function of p* and .

If $ <A<1 P<O0.IfXx<3 P>0. For A\>1, P>0 for high p.
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If $ <A<1 P<O0.IfXx<3 P>0. For A\>1, P>0 for high p.

Experimental constraint: 0 < A — 1 < 0.1.
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Figure 2: Q(p?) as a function of p* and 7.

ForO0<n <2 Q >0.



Figure 2: Q(p?) as a function of p* and 7.

ForO0<n <2 Q >0.

When 1 > 2, Q < 0 for high momenta. As 7 grows, @ > 0 as long as p? ~ m3.
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2 mj
3A—1 ma

M¢ = (m3 — 3m3)| . (12)

- Ifm3 —3m3 >0 = w? > 0. Not compatible.
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‘ Cubic Part of the Lagrangian |

Adding a cubic term,

LS, = N\/g (£1hoih%hg + EahoihY hy + E3hijh% BY) (13)
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‘ Cubic Part of the Lagrangian |

Adding a cubic term,
LS, = N\/g (£1hoih%hg + EahoihY hy + E3hijh% BY) (13)

Then,

L=Lgur+Ln+L,,. (14)

Substituting momentum and hamiltonian constraints, our result shows the
following operators,
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‘ Summary |

<+ We began with the extended HoFava-Lifshitz gravity model and added a
Lorentz violating 'mass’ term.
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