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About this talk . ..

= Motivation:
T —r General Relativity by itself seems unable to justify theltine
e New dynamics . . . . . .
o The Solar System cosmic acceleratiorCorrectionsto the Einstaein-Hilbert
e Constraining the (R) lagrangian . .
* Summary and conclusons lagrangian relevant at very low cosmic curvatures have been
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proposed as a mechanism for the late-time cosmic speed-up.
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About this talk . ..

= Motivation:

N ——r General Relativity by itself seems unable to justify thelame

e New dynamics . . . . . .

« The Solar System cosmic acceleratiorCorrectionsto the Einstein-Hilbert

e Constraining the (R) lagrangian . .

= sUmney andcondlisions lagrangian relevant at very low cosmic curvatures have been

The End proposed as a mechanism for the late-time cosmic speed-up.
= Aims:

0 Introduce some families of modified theories of gravity.

0 Show how cosmic speed-up arises f(R) models.

1 Discuss the influence of the cosmic dynamics on local systems

1 Use elementary observational facts to constrain the fortheof
lagrangiar f(R) .
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Gravity lagrangians and fields

= Modified lagrangians are functionals of curvature invasant

R=g"Ry P=R"Ry Q=R R

e New dynamics
e The Solar System

* Constraining thd (Y lagrangian Popular models- f(R) f(R,P,Q) «— Not so popular

e Summary and conclusions

The End

Examples:

2
f(R=R+% fR=R-% fRPQ=R- aszﬁpﬂQ
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Gravity lagrangians and fields
= Modified lagrangians are functionals of curvature invasant
R= g“v va P=RY Ruv Q= RSBV REBV

Popular models- f(R) f(R P,Q) +— Not so popular

Examples:
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= Dynamical fields:
0 Metric formalism: — gy (fourth-order e.0.m.)
0 Palatini formalism:—>gw,rgy (second-order e.0.m.)
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Gravity lagrangians and fields

= Modified lagrangians are functionals of curvature invasant

R=g"Ry P=R'Ry Q=R, R
" oy ot Popular models- f(R) f(R,P,Q) « Not so popular
The Enc Examples:
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= Dynamical fields:
0 Metric formalism:  — gy (fourth-order e.0.m.)
0 Palatiniformalis.m:—>gu\,,rgy (second-order e.0.m.)

= By requiringsecond-order equations and covariance in metric
formalism we arainiquely led to the EH lagrangia R— 2A .
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Gravity lagrangians and fields

Modified lagrangians are functionals of curvature invagant

R= gw va P=RWV Ruv Q= RSBV REBV

Popular models- f(R) f(R,P,Q) «— Not so popular
Examples:
2 2
f((R=R+% fR=R-T f(RPRQ=R- oo

Dynamical fields:
0 Metric formalism:  — gy (fourth-order e.0.m.)
0 Palatiniformalis.m:—>g|u\,,rgy (second-order e.0.m.)

By requiringsecond-order equations and covariance in metric
formalism we arainiquely led to the EH lagrangia R— 2A .

Thereisno selection rule for the lagrangian neither in Palatini nor
In fourth-order theories. Could cosmology be a guide?
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New dynamics at low Rin f(R) models

= The e.o.m. fol f(R)=R+¢eg(R) are: (f'=df/dR d =dg/dR)

e About thistalk ...

e Gravity lagrangians and fields

2
T G =% Tw + £ [9w(RI(R) —9(R)) — (OuOvg' (R) — 9w (R))|

The End — trace— R= _KZT — & [3Dg/(R) T Rg(R) o Zg(R)]
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New dynamics at low Rin f(R) models

= The e.o.m. fol f(R)=R+¢eg(R) are: (f'=df/dR g =dg/dR)

e About thistalk ...
e Gravity lagrangians and fields

pTesrssen G =T + & [gw(RI(R) — g(R) — (0u0vg (R) — g (R))]
— trace— R= —k°T —¢[30d(R) + RJ(R) — 29(R)]

= There existwo dynamical regimes:

1 R~ —k?T = GR dominates (deceleration).
1 R~Rg = New dynamics dominates (speed-up).

— Thespeed-up is due to a radical change of dynamical regime
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New dynamics at low Rin f(R) models
= The e.o.m. fol f(R)=R+¢eg(R) are: (f'=df/dR g =dg/dR)

G = 5 Tw + & [gw(RI(R) — g(R) — (0u0vd (R) — g g (R))]

— trace— R= —k?T —¢[30d(R) +Rd(R) — 29(R)]
= There existwo dynamical regimes:

0 R~ —k°T = GR dominates (deceleration).
0 R~Re = New dynamics dominates (speed-up).

— Thespeed-up is due to a radical change of dynamical regime

= |sthesolar system affected by that change of regime?
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New dynamics at low Rin f(R) models
= The e.o.m. fol f(R)=R+¢eg(R) are: (f'=df/dR g =dg/dR)

G = 5 Tw + & [gw(RI(R) — g(R) — (0u0vd (R) — g g (R))]

— trace— R= —k°T —¢[30d(R) + RJ(R) — 29(R)]
= There existwo dynamical regimes:

0 R~ —k?T = GR dominates (deceleration).
0 R~Rg = New dynamics dominates (speed-up).

— Thespeed-up is due to a radical change of dynamical regime

= |sthesolar system affected by that change of regime?

7 NO: becaus#ss> R¢ due to a cloud of dust and plasma.
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New dynamics at low Rin f(R) models
= The e.o.m. fol f(R)=R+¢eg(R) are: (f'=df/dR g =dg/dR)

G = 5 Tw + & [gw(RI(R) — g(R) — (0u0vd (R) — g g (R))]

— trace— R= —k?T —¢[30d(R) +Rd(R) — 29(R)]
= There existwo dynamical regimes:

0 R~ —k?T = GR dominates (deceleration).
0 R~Rg = New dynamics dominates (speed-up).

— Thespeed-up is due to a radical change of dynamical regime

= |sthesolar system affected by that change of regime?

0 NO: becaus#ss> R¢ due to a cloud of dust and plasma.
1 Who knows: Sincd&Ris a dynamical object...

= Is thelocal R sensitiveto theasymptotic boundary valu@s
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The Solar System in  f(R) models

= Expanding abou gy =nw +hy we find:

e About thistalk . ..

Mo =  d%psun, A = Bl (R
@) ogMe | Aey2 C
. onraini thef (R) lagrangian hOO 2G== @ + Cr K2 e—mcr
e Summary and conclusions ( ) M /\ Wlth G —_— 8T[f/(RC) |:1_|_ Ti|
The End h ~ 6” [ZVG -0 ¢ r2j|
_ 3—e Mef
Y= 3+4-e—Mef
—Ref”"(Re) . f'=1+¢ed(R)
where IS a function ofR..
e = 3f”<Rc> Re- | 1z 0-+¢g'(R)
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e Gravity lagrangians and fields f/—f
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Y= 3+4-e—Mef
Ref”(Re) . f"=14+¢d(R)
where Re) IS a function ofR.
e = 3f”(Rc> Re- 1 o =0+£g(R)

= Thechangein the cosmic R; leadsto dramatic changes:

0 For Re > Re and(f’(R;) -0, m; —»») << GRregime.
7 As R. — Re then(f”(R;) > 0, mc —finite) < New dynamics.
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The Solar System in  f(R) models

= Expanding abou gy =nw +hy we find:

e About thistalk ...

- Mo = f ¥%eun Ac = elizf R
Mo\ Acy2
o Constraininthe‘(R) lagrangian hOO ~ 2G @ —|_ Cr 2 e—mcr
e Summary and conclusions ( ) M /\ Wlth G —_— 8T[f/(RC) |:1+ Ti|
iy ~ 3 [2vG M —fer?]
_ 3-—e M
Y= 3+4-e—Mef
—Ref”"(Re) - - f'=1+ed(R)
where IS a function ofR..
i = 3f”(Rc> Re- 1 0+¢£g"(R)

= Thechangein the cosmic R; leadsto dramatic changes:

0 For Re > R and(f’(R;) -0, m; — ») < GRregime.
0 As R. — Re then(f”(R;) > 0, m¢ —finite) < New dynamics.

= The localR also changes with the expansion

3y/ Pt X) —me|X—¥]
R= AC+4nf’ 7 X e
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The f(R) lagrangian according to experiments

= The cosmic expansion changes the effective mass

e About thistalk ... /
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The f(R) lagrangian according to experiments

= The cosmic expansion changes the effective mass

e About thistalk ...

e Gravity lagrangians and fields rn(z: — % |: f/(RC) _ 1i|

e New dynamics I:QC f " (RC)

e The Solar System
e Constraining the (R) lagrangia

ST = The growth off”(R) increaseshe interaction rang I = mg1 and
o drives the cosmic speed-up  (In GR Mg = «, I = 0)
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The f(R) lagrangian according to experiments

= The cosmic expansion changes the effective mass
n% — R { f'(Re) 1}
= 3 | RF(Ro)

= The growth off”(R) increaseshe interaction rang I = mg1 and
drives the cosmic speed-up  (In GR mg = o, | = 0)

= Viabletheories must lead to constant or decreasing | .
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= The cosmic expansion changes the effective mass

e About thistalk ...

e Gravity lagrangians and fields rT](Z: — % |: f/(RC) _ 1i|

o New dynamics RC f/’(RC)

e The Solar System
e Constraining the (R) lagrangia

ST = The growth off”(R) increaseshe interaction rang I = mg1 and
o drives the cosmic speed-up  (In GR M2 = «, I = 0)

= Viabletheories must lead to constant or decreasing | .

= If o = bound to today’$; then 12 < |2 is satisfied by

f(R 1 din 12 15R?
R 1>k~ dar < B f(R)<A+BR+

)
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The f(R) lagrangian according to experiments

= The cosmic expansion changes the effective mass

e About thistalk ...

e Gravity lagrangians and fields nf](z: — & |: f/(RC) _ 1i|

e New dynamics o 3 I:QC f” (RC)

e The Solar System
e Constraining the (R) lagrangia

ST = The growth off”(R) increaseshe interaction rang I = mg1 and
o drives the cosmic speed-up  (In GR M2 = «, I = 0)

= Viabletheories must lead to constant or decreasing | .

= If Ip = bound to today’$; then 12 < IZ is satisfied by

f(R din 12 15R?
-2k - W <o — (R SA+BR+)
= Sincef’ > 0andf” > 0itis also bounded from below:
2
A< f(R)<R—2A+ 0%

See G.J.OPhys.Rev.Let95,261102 (2005),
and G.J.OPhys.Re®72,083505 (2005)
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Summary and conclusions

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

o mooutisak. lead to cosmic speed-up

e Gravity lagrangians and fields

e = The change in the late-time cosmic dynamics ti@snatic effects
e Constraining the (R) lagrangian . . -

in local systemia boundary conditions

The End

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

G.J.0.Phys.Rev.Let95,261102 (2005),
G.J.0.Phys.Re®72,083505 (2005)
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Summary and conclusions

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

o mooutisak. lead to cosmic speed-up

e Gravity lagrangians and fields

e = The change in the late-time cosmic dynamics ti@snatic effects
e Constraining the (R) lagrangian . . -

in local systemia boundary conditions

The End

= The onlyf(R) lagrangians compatible with Solar System
dynamics are bounded b —2A < f(R) < R—2A+ ER

G.J.0.Phys.Rev.Let95,261102 (2005),
G.J.0.Phys.Re®72,083505 (2005)

Moral

The dynamics ofocal systemsin modified theories of gravity
might be very sensitive to the cosmic evolution via bound-
ary conditions. I n particular, such effectsarelikely to man-
ifest in theories of theform f(R,P,Q) [workin progress]
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