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 We explore general modifications to the gravitational action that breaks
Diff invariance and study the cosmological implications
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« Einstein-Hilbert action 1s a particular Diff case of these theories
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» If we impose that EH sector 1s Diff, PPN parameters agree with GR

frlg) = V3 = pex = Brpw =1 Vfs(g) | IR

* For simplicity we consider f5(g) = as+/g
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* This action 1s invariant under tranverse diffeomorphisms (TDiff) d,# =0

 Compatible with linearized and post-newtonian GR

* Free of ghosts, instabilities and fifth-force interactions even considering
radiative corrections
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motion

GLW == CL5MW/ = 87TGTW/




1 B 5\f g /4
S — 167TG/ (\fR (0, lng)(aylng)>+ d*x\/g Lm

* Varying the action with respect to the metric give us the equations of
motion

GW/ == CL5MW/ = 87TGTW/

* Under solutions of the modified Einstein equations, the TDiff tensor 1s
conserved
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Cosmological solutions
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1 1
My = —2(9aIng)(9s In g)(g,9™” +2656,) — §guu3a(9a5 O 1In g)




Cosmological solutions

* The TDiff piece has the form
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* Most general flat FLRW spacetime

ds® = b*(7)dT — a®(7)(dz? + dy* + dz?)




. VHT“" = (0 has the same form
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. VMT”V = (0 has the same form

, a
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* Friedmann equations are two independent ODE
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 Where b(t)dt = dt 1s the cosmological time



» TDiff terms in cosmological time
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 Note we need 2 additional parameters, (HO, Hgo, Qpp, Qp, QA) VS.
(Ho, ‘Q'M' QR) 1n G’R
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« Expression for scalar graviton energy
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* This let us to derive an effective equation of state for Lg

_ s as __H,

Wws
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* No phantom or cosmological constant ps = const. behaviour



* Then, the dynamics are related to the ODE system
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* Then, the dynamics are related to the ODE system
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* This i1s equivalent to the ordinary Friedmann equation with an
additional fluid with a variable EoS
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Explicit solutions

* We first solve simple cases, with constant wg
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Explicit solutions

* We first solve simple cases, with constant wg
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» Substituing in H, Hg give us two algebraic equations for H, H,, pg
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pg(wg — 1)[Hg + 6(&15 + I)H] =0
- 32nGps
— o

H2
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« ACDM solution. pg = H; = 0, we recover the standard cosmological
evolution, with scalar mode unexcited
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pg(wg — 1)[Hg —+ 6(005 —+ I)H] =0
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« ACDM solution. pg = H; = 0, we recover the standard cosmological
evolution, with scalar mode unexcited

* Stiff fluid solution. ws = 1, scalar mode behaves as a stiff matter
fluad, with H, = + 24 5n@

as 3

—  Ps



* Tracker solution. H; + 6(ws + 1)H = 0. Then p and pg fulfills

pS(wS—l)[Hg+6(wS+1)H] =0 ( 1
2 P = pPs — 1)
as




* Tracker solution. H; + 6(ws + 1)H = 0. Then p and pg fulfills

pg(wg—l)[Hg+6(w3+1)H] =0 ( 1
p = Ps — 1)
as

1
3(ws+1)

e This implies ws = w If p and pg are both positive, as <
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* Tracker solution. H; + 6(ws + 1)H = 0. Then p and pg fulfills

pg(wg—l)[Hg+6(w3+1)H] =0 ( 1
p = pPs — 1)
as

1
3(ws+1)

e This implies ws = w If p and pg are both positive, as <

e Vacuum solution. Tracker sol. with p = 0, and wg = w¢ = —1 + (3ag) L.
Large a; leads to DE
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Approximate solutions

* Equation of evolution for ws 1s integrable in some limits

« Subdominant case. |ps| < p, then

dws 3 C —ab
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Approximate solutions

* Equation of evolution for ws 1s integrable in some limits

« Subdominant case. |ps| < p, then

de 3 C—CL6
g(ws + 1)(&)5 — 1) — WG = C = ab

e Transition from early stiff solution to late cosmological constant
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 Dominant case. |ps| > p, the equation reads
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* For |wg| < 1

1 . : : :
*as > - Transition between stiff solution and vacuum solution

¢ ac < % - Transition between two stiff solutions

18



 Dominant case. |ps| > p, the equation reads

dw S
da

wg — 1)vws + 1
~ s = vws 3vws + 1 —sgn(H,)

a

3

as

|

* For |wg| < 1

1 . : : :
*as > - Transition between stiff solution and vacuum solution

¢ ac < % - Transition between two stiff solutions

* For |wg| > 1, we expect a contraction epoch (H < 0)
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» Dominant case. |ps| » p . Streamline plot of H, H,,

H,(t)
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 Dominant case. |ps| > p, |wg| < 1.
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General solutions

* Equations for H,H, form an autonomous system of 2 + n equations, where n:
number of perfect fluids p;
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» Solutions asymptotically interpolate between stiff, vacuum and tracker
solutions.
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General solutions

* Equations for H,H, form an autonomous system of 2 + n equations, where n:
number of perfect fluids p;

g
8 2 —
Hq_ H(](H(]+12H>+(Ir <H22H12> H[,Z_?pl l:]_ n
; =1
3
H :—§H(Vu,;+1)H, i=1...n

» Solutions asymptotically interpolate between stiff, vacuum and tracker
solutions.

s If wg' < w;, vacuum solution at future, else tracker
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* Tracker solution. L; + matter (w = 0). ag < %

1.00

=
= 0.00

0.50 1

-0.50 1

-1.00 1

22



Conclusions

 Most general metric action up to two metric derivatives, which 1s stable and
compatible with PPN tests.
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Conclusions

* Most general metric action up to two metric derivatives, which is stable and
compatible with PPN tests.

The theory propagates an additional scalar graviton and modifies the cosmological
evolution

ACDM is a particular solution but new solutions are also possible

Small Diff breaking (ps) freezes as a cosmological constant at late times

Solutions with large az assymptotically behaves as dark energy. Small ac lead to
tracker solutions



Thank you for your attention
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