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Clustering dark energy

Clustering DE linear Clustering DE nonlinear Dark matter
pPE) (k-evolution) p™M (k-evolution)
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Jordan/Einstein frame

Jordan frame: P = — (0h)? — (0d)* — BOhod — h THY
(0h)” — (0¢p)~ — pohog My
L h,LW = /
G = M + My I NNNNNG 1,

Solution of the modified (due to coupling between gravity and scalar field) Poisson equation

GM

b — (1 + 2042@..‘__ Fifth force a = Mpp
r

Matter is conserved Particles follow geodesics

V,UJTVM =0 .CI_f = —ﬁq) hog = —2®



Jordan/Einstein frame

1 p
Einstein frame: L = — (0h)? — (0> — ——hETH — — T
( E) ( ¢) 2MP1 uv' g MPI¢ E
he ¢
ANAAAAN ® 7, - o
GM GM
Py = — b =—p—
r r
Matter is not conserved Particles do not follow geodesics: fifth force!
v (04 .o — — —
viTs :M—PITEV% X=-Vb0,-fVp=-Vod
GM
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Conclusions Lecture 4

e Dark energy can be dynamical: a scalar field rolling down a potential.
Generically w> -1 and this slows down dark matter clustering. But dark
energy could even cluster itself if its Lagrangian contains derivative couplings.
These models suffer similar fine tuning problems that the CC.

e Can the accelerated expansion be due to a genuine modification of gravity
(CC set to zero)?

¢ \We have studied traditional scalar-tensor theories. Description can be done Iin
Jordan and Einstein “frame”. In Jordan frame test particles follow geodesics
of the Jordan frame metric but this metric does not satisfy the usual gravitational
equations. In Einstein frame gravity is standard but matter is coupled to the
scalar field. The physics is the same.

e Independently on the frame, there are three main eftects. There is a fifth force
that enhances the standard gravitational force. The two gravitational potentials
are not the same (anomalous light bending). The Newton constant can
depend on time.
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