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Prerequisites for the expansion of GR

e Dark matter

* Dark energy

* Incompatibility of gravity with quantum mechanics




f(R)-gravity

e Metric f(R)-gravity

 Palatini f(R)-gravity

LWV, no, vV v

R = gl.z,lfRM/ — glw (Fa . Fa + F F/\W . F“AF)\ )




Hybrid f(R)-gravity

* g is the determinant of the metric
* Ris the metric Ricci scalar
~ * R is the Palatini curvature
* S, is the standard matter action
e k°=8nG/c?
* Gisthe gravitational constant
“+ Cis the speed of light -

4 S B o e s 8L ST
o S

T. Harko, F.S.N. Lobo, G.J. Olmo, T.S. Koivisto “Metric-Palatini gravity unifying local constraints

and late-time cosmic acceleration”, Phys. Rev. D 85, 084016 (2012).



Field equations

3
Ruv = Ry + 57 (%)F(S%),MF(%),,,
F (R : Vo VAF (R
F(%)v“ ( ),1/ QF(%)QMV ( )




Scalar-tensor representation

2]62 u¢8ﬂ¢ o V(é) - Sm

S = d*x\/—g {¢R + —

2¢

¢ is the scalar field,

V() is the scalar potential.




Field equations

1 3
+ §g,uv(v(§b) - vavagb) + VNVV¢ o 2¢aﬂ‘¢a”gb)’
i 2V (o) — (1 + 9)V, k?
O+ Loy SO WOV o,




PPN formalism

- Weak field limit,
e Asymptotically flat space-time background,
e Small velocities,

e Motion of matter would obey to the hydrodynamics
equations for the perfect fluid.

kel

g C. M. Will, Theory and Ezxperiment in Gravitational g
= Physics, (Cambridge University Press, London, 1981); %8




PPN Solar system | GR | What means Which experiment
parameters

Y 1+2.3x10° 1 How much space-curvature Cassini tracking
produced by unit rest mass

B 1+8x10° 1 How much “nonlinearity” in Perihelion shift
the superposition law for
gravity?
1 0£4x10° 0 Preferred-location effects Gravimeter data
oLy 0+4x10 0 Lunar laser ranging
ecliptic
Ol 0£4x10-20 0 Pulsar spin-down statistics
& 0+0.02 0 Combined PPN bounds
total momentum (PSR 1913+16)
Gs 0+10% 0 Lunar acceleration

Gy 0+0.006 0 Kreuzer experiment



PPN and massive scalar-tensor theories

» Very massive scalar field m,r>>1

* Very light scalar field m,r<<1

;g:IxUﬂm)E”Bmﬁ”C%M5uﬂ11m1szLma Pmaj;:

= Rev. D 85, 064041 (2012).



PPN approach

o ¢ = Po +

3
+ 59 (V(9) + VaV0) + ViuVid = 550,60,0),

oR2V(P) — L+ Vel _ oh°
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General form of the PPN metric

goo = — 1+ 2U —2BU? — 2@, + (2y + 2+ a3 + (1 — 26)®; +
+2 (37 —=28+14C+8EPs +2(1 4 (3)P35 + 2(37 + 3¢ — 26)Py —
— (1 —2A— (a1 —ag — ag)w2U — agwi’ijij + (2as — al)ini,

1 1
g()z':—5(47—1—34—041—042+C1—25)‘/@'—5(14—@2—@%—25)”/@ -

1

~ 35 (a1 — 2a0)w'U — agijZ-j,

9ij =(1 4 27U)ds;.

e C. M. Will, heo?z:g‘,-/: E:Uperimet'in Gravitational R
. Physics, (Cambridge University Press, London, 1981); eSS




PPN parameter y

 1+¢, exp(-m,r)/3°

"= gy exp(-m,r) /3

where

m is scalar field mass,

¢, is the asymptotical value of the scalar field
far away from the local system.

- s R AT SR L
Py = & S E S
BT o ccr
S %

*yri chalatini gravity, ‘ Caieo tc., Univee 201) :



PPN parameter

_ M eXp ( _ 2 m - r )

3 =1 - (1 — daoexpl—m..1)/3)2
/ 18 (1 — ¢o exp(—myr)/3)°

Other PPN parameters ¢, oy, a,, as, {;, {;, {;, {; equal
to zero in hybrid gravity in considered approximation
m¢<<1/r.
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Conclusions

* PPN formalism is applied to hybrid f(R)-gravity in
the case m r<<1

* restrictions on the m, and ¢, were obtained in the
weak-field limit

* the theory is valid in the Solar system in the case of
Ilght scalar fleld v




Thank you for
your attention!




PPN potentials
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