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Alternative explanation for dark energy

General relativity (GR) is the most successful theory of gravity.

G =1,

However, the mystery of the accelerating universe remains unsolved.
» Observational evidences: CMB, SNe la, ...
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GR may be modified at long distances (~ H, ' ~ 3Gpc).
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Motivation
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c.f. Frolov’s singularity problem (2008)
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f(R) gravity

Action:
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f(R) gravity as a scalar-tensor theory  waeqse)

Trace of the EOM:
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Equivalence with a scalar-tensor theory  Jordan frame equations
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The model
Starobinsky’s f(R):

f(R) =R+ ARy

| R\ " | Starobinsky (2007) I
+ R_g o very similar to Hu and Sawicki’s f(R) (2007)

High curvature regime: S
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the Ricci scalar in a nontrivial way.
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“Chameleon” mechanism
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[“Chameleon” field ]
Khoury and Weltman (2003)
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Density profile in the solar interior and vicinity
Hu and Sawicki (2007)
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Spherically symmetric stars: Basic equations

Metric
1
ds* = —N(r)dt* + ——dr* +1* (d92 + sin® Qdapz)
B(r)
Matter: Energy-momentum conservation:
/
T v __ d —0.D. D, ! — 0
. = diag (—p,p,p,p) P+ P +p)
Field equations: Scalar field EOM:
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Spherically symmetric stars: Boundary conditions

Regular at the center:
N(r)=14+Nor>+---, B(r) =1+ Bor? + ---

Coy .
X(T):Xc‘ (]_+_‘2Ta3_|_)

2
02 P2
p(T):Pch??“Q"':p(r):pc—F??"2+‘”:

Surface of the star:

r=R, P(R) =0 Consider constant density stars
Asymptotically de Sitter: P = Po
r— oo, X(r) — x1 Parameters of a solution

Po, Pe, and Y. (or, equivalently, R.)



Classical mechanics picture

ENfETRNE © THAFICHTEIE RDEF DR E
Scalar field EOM:
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Inverted potential

extremum
0.157




Classical mechanics picture

The particle starts at rest, since x/|,—0 = 0
Po, Pc -2 Initial strength of the force
Xe =2 Initial position of the particle

t Ulx)

The force term vanishes
for r > R




Motion of a particle 1

Fall into the singularity Overshoot

Xc = Xs T
[F — dU/dX]xs =0

E {Xc < Xcrit}

/ Stop at the top \ Turn around

&= &=
{Xc — Xcrit} Xe > Xarit]




Motion of a particle 2
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Fall into the singularity Overshoot




So close to danger! Frolov (2008)

Simple estimate
Poisson eq.:

V2P ~ Gp = Excitation around matter distribution:

Scalar field EOM: / ox ~ O(®)

: \ B

Typical modelwith n = 1, A\ = 2
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Numerical results 1: Nonrelativistic stars

Model parameters: 1 = 1, A = 2.088

47Gpo = 10°Aeq

Look for nonrelativistic stellar configurations:
pe = 5 x 107%pg

Fine-tuned initial condition: X = 0.9836 ’

, GM
6 [— ~ 0.06687J
R
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A -, Asymptotically de Sitter solution
- R — 21 Rp and ¥ — x1
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r/R ™ Analytic approximation



Numerical results 1: Nonrelativistic stars

Metric R ¢ 5
» Numerical fitting: N = Ne (1 B EAeﬁT ) ’

r

R
B ~ 1—2c3— — C—4Aeff7"2,
r 3

with

Moo — L3332, & — DO8TLG, & — 0.9978,
c3 = 0.04747, ¢4 = 0.9993.
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Numerical results 2: (Absence of) Relativistic stars

Try to construct relativistic stellar configurations:
47Gpy = 10°Aeg P = 0.1 X po

“Rolling-down” solution for 12, = 0.7000 x 87G pg

regular inside the star

A 0.075}"
GM

— ~ (0.1203 0.05/

R . 0.025

T 0

. . | -

but unphysical exterior = 0025
-0.05

The Ricci scalar rapidly diverges -0.075}

~ Overshooting

!

Inside the star for a slightly larger value, 00l 01 1 10 10

R. = 0.7001 x 87Gpq
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Conclusions
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