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proposed as a mechanism for the late-time cosmic speeddgp. S
theoriedead to cosmic accelerationbut are they compatible with
solar systenobservations?

= Alm;:

0 Show how thesolar systendynamics in f(R) gravities is
affected by the evolution of the cosmic background.
1 Use elementary observational facts to constraint the fdrineo

lagrangiar f(R) .
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f(R) gravities?

= They are a family of modified gravity theories of the form

S= 5 [d**/=gf(R) +Sn
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= Virtues:
1 They can be designed to modify the early time and/or late time
cosmic dynamics keepin@R as an intermediate phase.

bR
f(RI=R-&+55
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f(R) gravities?

= They are a family of modified gravity theories of the form

e About thistalk ...

— 1 4
o5 V=
° rzshild-like solutions S 2K2 f d X g f (R) —I_ Sﬂ
e Scalar-tensor representation
: CPZZitS_t’\rlaeivr:itr?gI;r:a‘lzgtlagrangian - Exam pIeS.
e Summary and conclusions 4
fR=R+&  f(R=R-% (R =R—2InR

= \irtues:
0 They can be designed to modify the early time and/or late time
cosmic dynamics keepin@R as an intermediate phase.

4 2
f(R)=R-g + 3
= Defects:
0 Involveddynamicaleguationgnake difficult the analysis.

1 Thoughcosmic speed-us easily verifiedsupernovae
luminosity curves seemunable to constraint the form of f(R).
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Schwarzschild-like solutions

= The e.o.m. derived fror S= 5, [ d*x,/—gf(R)+ Sy are:
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e About thistalk ...

o f(R) gravities?

_ 1 _ _

° clar—tensrresettion f , ( R) RIJV % f (R) g|JV D“DV f / (R) —|_ gHV |:| f / (R) T KZTMV
e Post-Newtonian limit

e Constraining the (R) Iagrangian 3':’ f/(R) —l_ R f/(R) - 2f (R) = K2T
— = Schwarzschild-like solutions do exist:
_ 2 dr* | 2402 _ Rof’(Ro)—f(Ro)
ds’ = —A(n)dt* + &7 +r?dQ A=

A)=1-L A Ryissolution of Ryf’(Ro) — 2f(Ro) =0
Fine tuning could make these theories viable!!!
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o f(R) gravities?

{/(R)Rw — & (Rt — a0y 7'(R) + G F(R) = K2Tiy
:CPZZitS_t’\rlaeivr:itr?gi;r:a‘lzg)itlagrangian 3':’ f/(R) —l_ R f/(R) - 2f (R) — K2T
e Summary and conclusions
. = Schwarzschild-like solutions do exist:
_ 2, dr* | 2402 _ Rof'(Ro)—f(Ro)
ds = —A(r)dt® + Ary T redQ A= R

A(r):1—§+/\Tf2 Ry is solution of Ryf/(Rg) —2f(Rg) =0

Fine tuning could make these theories viable!!!

= HOWEVER, Ry =const solutions do not satisfy valid boundary
conditions neither at the interphase with matter nor at infinity.

0 Ris a dynamical object
1 Right solutions must interpolate between the source regnoh
the asymptotic cosmology.
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Scalar-tensor representation

= Defining p=df/dR and V(@) = Rf — f , the e.0.m. turn into:
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» Summary and conclusions = The scalar field is governed by the trace equation:

The End

(3+ 2wrp) o+ 2V () — 955 = k2T
This is aBrans-Dicketheory with wgp =0 and V(@) #0 .

= Since wgp = 0 s fixed, observations must constre V (@)

= The Scalar-Tensor representation clarifies the interpoetaf the
e.o.m. and simplyfies the computation of the post-Newtonrait:|i

Ow ~ 0o, +hy = Second order equations

o~ P+ 0 =- Second order equations
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Post-Newtonian limit

= Expanding abou gy =nw +hw , o=@ +¢ we find:

e About thistalk . ..

* 1(R) gravities? | M@ — f dSXpSUI’]

e Schwarzschild-like solutions h(Z) ~ 2G M@ Vo 2

e Scalar-tensor representation 00 ~ T + %r . e m¢r
) with 6= g |15
e Constraining agranglan X M@ VO 2

e Summary and conclusions hlj ~ 6” |:2yGT - 6% I :| B 3_e_m¢r

The End y o 3_|_e—rr¢r

\VZVi fl_Rf
where — mj=F%" & mj= Lty
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Post-Newtonian limit

= Expanding abou gy =nNw+hw , o=@ +¢ we find:

e About thistalk . ..

* 1(R) gravities? | M@ — f dSXpSUI’]
o Schwarzschild-like solutions h( ) 2G M@ VO 2
e Scalar-tensor representation OO ~ + r e m¢r
with = 8mpo {1 + }
e Constraining thef (R) Iagranglan ( ) - 6 . 2 M@ VO 2
e Summary and conclusions hlj ~ Ojj VGT — 6([b I 3_e_m¢r
The End Y= 3+e mor
— %V Vo —Rf
where mg = % & = 3f”

= Note =@+ M o o= f/(R) = f'(Ry) + f”(Ro)AR

= Elementary observational constraints:

G ~ constant from centimeters to
— e Ml <« 1
v 1 planetary scales

No cosmological Vor

constant effects
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Constraining the f(R) lagrangian

= The cosmic expansion changes the effective mass

o f(R) gravities? — RO
e Schwarzschild-like solutions — 3

e About thistalk ... |:
e Scalar-tensor representation

f'(Ro
o~

e Post-Newtonian limit

e Constraining the (R) lagrangial
e Summary and conclusions

The End

Gonzalo J. Olmo Edinburgh, April 28, 2006 - p. 7/9




Constraining the f(R) lagrangian

= The cosmic expansion changes the effective mass

f'(Ro) 1}
RoT(Ro)

o 8 T he growth off”(R) drives the cosmic speed-andincreaseshe

e Summary and conclusions

o f(R) gravities? — RO
e Schwarzschild-like solutions — 3

e About thistalk ... |:
e Scalar-tensor representation

interaction rangi ly = my* (INGR Mg = 0,1y = 0)

The End

Gonzalo J. Olmo Edinburgh, April 28, 2006 - p. 7/9




Constraining the f(R) lagrangian

= The cosmic expansion changes the effective mass

f'(Ro) 1}
RoT(Ro)

= The growth off”(R) drives the cosmic speed-apdincreaseshe

e Summary and conclusions

e About thistalk ... |:

o f(R) gravities? — RO
e Schwarzschild-like solutions — 3

e Scalar-tensor representation

interaction rangily = my* (INGR Mg = 0,1y = 0)

The End

= Viable theories must lead to constant or decreasin |y .

Gonzalo J. Olmo Edinburgh, April 28, 2006 - p. 7/9




Constraining the f(R) lagrangian

= The cosmic expansion changes the effective mass
e About thistalk ...
° ravities? — RO f/(RO)
o;i:?wirzschild-likesolutions n1q2) — 3 |:R0f//<RO) T 1
e Scalar-tensor representation
= The growth off”(R) drives the cosmic speed-amdincreaseshe
e Summary and conclusions

The End

interaction rangily = my* (INGR Mg = 0,1y = 0)

= Viable theories must lead to constant or decreasin Iy .

= If | = bound to today'sy then I§ <1 is satisfied by

/(R din f’ 2 |2R2

Gonzalo J. Olmo Edinburgh, April 28, 2006 - p. 7/9




Constraining the f(R) lagrangian

= The cosmic expansion changes the effective mass
e About thistalk ...
° ravities? — RO f/(RO)
o;i:?wirzschild-likesolutions n1q2) — 3 |:R0f//<RO) T 1
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The End

interaction rangily = my* (INGR Mg = 0,1y = 0)

= Viable theories must lead to constant or decreasin Iy .

= If | = bound to today'sy then I§ < 1# is satisfied by

£/ / 2 2pR2
-l 2k —» S <o — f(R <A+BR+ER)

= Sincef’ > 0andf” > 0itis also bounded from below:
_2A< f(R)<R-2A+ 18
See G.J.OPhys.Rev.Let95,261102 (2005),

and G.J.OPhys.ReD72,083505 (2005)
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Summary and conclusions

= f(R) gravitieswith nonlinear terms that grow at low curvatures
lead to cosmic speed-up

= The change in the late-time cosmic dynamics has dramagctsff
In local, post-Newtonian systems.

= The only f(R) lagrangians compatible with Solar System
dynamics are bounded b —2A < f(R) < R—2A + @
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Summary and conclusions

= f(R) gravitieswith nonlinear terms that grow at low curvatures

e lead to cosmic speed-up

e emesnaen @ The change in the late-time cosmic dynamics has dramagctsff
é?gian in local, post-Newtonian systems.

The End = The onlyf(R) lagrangians compatible with Solar System

dynamics are bounded b —2A < f(R) < R—2A + &

Moral

The dynamics of theolar system, galaxies. .. in gravity the-
ories with dynamical fields others than the metiqcA, .. .)

might be strongly affected by the cosmic evolution Such
effects, if they exist, should not be in conflict with consist
models offormation and evolution.
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